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Preface

With this volume we present the results of our 
research on pre-industrial mining in the region 

were triggered by rescue excavations of several 
prehistoric settlements with traces of early cop-
per processing. This initiated a thorough archaeo-
metallurgical investigation of the copper ore de-

the archaeological research of the coastal zone of 

that copper originating from the deposits on the 

manufacture the majority of copper objects found 

the 5th

excavations of early copper mining sites concen-

to be more promising for the study of chalcolith-

of chemical analyses of chalcolithic copper objects 
-

composition. Only when lead isotope analysis was 

Physics in Heidelberg and for Chemistry in Mainz 
-

cation of copper ore sources in the Chalcolithic of 
-

ly accepted assumption that the chalcolithic mine 

chemical and isotopic composition of a number 
of objects by highly radiogenic lead isotope ratios 
and it was suspected that this source may be locat-

-
iday resorts around the port of Sozopol during 
the years from 2007 to 2014 numerous new ar-
chaeological sites came to light. Most of these 

-
morets and Aleppu were surveyed by geophysical 

-
tivities in the immediate vicinity of the deposits 

-

importance of these settlements for chalcolithic 

we were able to visit the excavation sites for the 
first time in spring 2011 and sub sequently to-

 RESSOURCENKULTUREN. The results of the four sur-
vey campaigns from autumn 2013 to spring 2016 
and a number of accompanying studies of project 

-
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geophysical prospections were carried out as part 

eastern part of the Srenogorie metallogenic zone 
(5th–1st -

They are supplemented by a general overview 

Sea coastal area of the Center for Underwater 

Apollonia Pontica.
-

-

volume is dedicated to their memory and their 
contribution to the study and the preservation of 
the marine underwater and coastal archaeological 

The editors
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Kalin Dimitrov

Notes on the Landscape and Geology of the 

Investigated Area South of Burgas

-

dominate the panorama of the seashore south 

-

-
land with which it is connected by a low  saddle. 

-

above sea level. At first glance this elevation is 

slopes and the proximity to the sea create in all 
observers the illusory impression of a much more 
impressive mountain (

been composed of Upper Cretaceous sediments and 

which contributed to the particularly strong notch-
es of this coast (

-

of the most picturesque seashore landscapes in 

-

The main rivers in the region – traced from north 

-

-
-

tershed in the region and there are no rivers with a 
strong and constant runoff east of it. Alongside the 

The Burgas Ore Region

-

-
ceous (

-

ore region we have to consider more thoroughly 
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Fig. 1.  The Medni 

view from the 
sea from the east 

Fig. 2. 
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Fig. 4. -

Fig. 3. 
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-
garia as its tectonic partition has been since long 
recognised as a part of the general structure of 

covers part of two large tectonic units – the Moesia 
platform and the Alpine orogeny. Within the limits 
of the Alpine orogeny there are two more orogenic 

-

the scope of both these systems: in the Carpathian 

-
struction and has been differentiated as a whole 
according to the widespread distribution of Upper 
Cretaceous volcanic-sedimentary sequences and 

-

-

unit is the most intensive and mightiest of all and 
the mineral wealth of the region is associated with 

-

massif during the Upper Cretaceous magmatism 
appeared the large copper deposits in the Sredna 

Scholars divide the metallogenic development 
-

pine metallogenic epochs as the latter one is con-
nected with the volcano-hydrothermal deposits of 

-
-

-

the latter is their formation among volcanogenic 

body with volcano- plutonic structures. They have 
been formed after plutonic introduction and have 
a clear spatial connection with them: the ore veins 

-
ceous magmatism is highly manifested in the east-

-

There are more than ten volcano- plutonic cen-

grounds of gravimetric data volcano-plutonic struc-

-

the location of the main magna-running faults. 
-

rated from the Strandzha one by the Varshilo-Sveti 

are not to be noticed clearly but probably they 
-

vo volcanic structures and the corresponding ore 

The volcano-plutogenic structures from the 
-

trusive central core covered by Upper Cretaceous 

-
ceous terrigenous and carbonate formations. At 

-
tioned above have been covered by Tertiary and 
Quaternary overlay (

-
tive during the Cenomanian period and continued 
until the late Campanian period as the intrusive 
activity accomplished in two stages followed the 
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Fig. 5. 
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Fig. 6. 

Fig. 7.  
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Fig. 8. 
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volcanic one. The formation of the deposits in this 
group terminated in a stage of complex hydrother-

which filled volcanogenic radial and concen-
tric faults as well as faults emerging afterwards 

The Rosen Ore Field

structure and evolution have not been fully stud-
ied (

connected with them.

-
ness of 2700 to 3000m. The foundation of the vol-
cano has not been revealed. From the west and 

-
canoes. The volcano-tectonic faults emerged in a 
couple of impulses after the formation of the vol-
cano cupola as a series of sub-volcanic intrusive 
bodies occurred together with them. In the course 

more than 50 other fault structures with hydro-
thermal mineralisation. All of them are traced 

-
 

Fig. 9. 
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-
-

posits or ore manifestations from north-west to 
-

of secondary importance (

The Varli Bryag Ore Field

-

-
-

and quaternary overlays.

and is cut by many volcano-tectonic faults (

composed accumulative volcanic cone. As a result 

exposing its central well-eroded zone. The periph-

three successive impulses and is located in the 
central sector of the volcano.

-

and create favourable conditions for ore deposi-
tion. The main fault structure which controls the 

-

they run in the north-east direction. All of them 

-
cant and the only one of industrial interest locat-

The Zidarovo Ore Field

volcano-plutonic structure has been formed as a 
result of Upper Cretaceous magma activity  within 
which we can clearly distinguish three succes-

stage. Three structures correspond to these three 

Fig. 10. 
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More than 50 poly metallic veins with copper 

post-magma processes leading to a  tectonic phe-
nomena and to ahydrothermal activity in the sec-

-
serve primary and secondary ore mineralisation. 

three ore inserting faults are registered. Ore bodies 

the particular ore veins is 100–300m (

The Mineralogy and Geochemistry of the 

 Rosen, Varli Bryag and Zidarovo Ore Fields

-
lar and relates to the strong impact of the hydro-
thermal processes in the course of their formation. 
The differences observed can be explained by the 

different temperature during the formation of 
the ore bodies as well as with the composition of 

-

-
dustrial significance presented under the form 

-

sphalerite and galena accompanied by industrial 
amounts of gold. Post-ore carbonate minerals and 
quartz are also presented sustainably.

-

is considered to be typical in the ore- formation 
processes relating to the Upper Cretaceous mag-

-
erals bearing the elements selenium and tellu- 

-

Fig. 11. 
geo-structural map. 1. Tertiary 
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-
cumstance can be explained with higher tempera-

the form of native gold and electrum. The native 

Fig. 12. 
geo-structural map.  
1. Tertiary and Quaternary 

 

-

-

form of small-grained inclusions as the silver con-

been found out that the amount of gold- containing 
inclusions decreases in the south- eastern sector 

-

been registered in the deposits in the south- eastern 
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Modern Geological Studies and  Industrial 

 Extraction in the Rosen, Varli Bryag and 

 Zidarovo Ore Fields

-
-

ing there until 1905. The yields of copper were 
minimal. The mining concession was redeemed 

-

-
tation factory and the concessions for extraction 

technology employed was rather primitive: the 
ore was sorted manually on the spot to achieve 
a copper content above 5%. The concentrate was 
sent and processed to metallic copper in the fac-

The quantity of extracted ore was rather modest 
(

In 1947 all private mines and concessions in 
-

ploration of minerals began as well as the con-
struction of larger industrial plants for their pro-

the period from 1947 to 1948 under the leadership 
-
-

carried out in 1950 and 1951 by Soviet geologists 

-
lowing mapping.1 -

-
nov continued the research in the region of Medni 

the factors controlling the  ore veins in the region 

-
-

nala Voda mine in 1956 (
-

gan as late as the 1970s. Industrial pyrite ore was 
-

ta as their exploitation began in 1978 (  

following amounts of ore and copper were extract-
ed in total for the time of the industrial exploita-

2 (

1
-

rives information about ancient mining on the territory 
-

2 The available yield data covers the period after 1943. 

Year 
Varli Bryag Rosen

Ore extracted [tons] Copper content [%] Ore extracted [tons] Copper content [%] 

1943 662 4.1 - - 

1944 507 4.1 - - 

1945 441 4.1 85 3.54 

1946 375 4.1 159 3.53

Table 1.
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during the 19th cent. AD the mineral wealth of the 

started on a small scale. In the course of the initial 
systematic mapping of the region after the Second 

rupae: 
traces of earlier mining. The recent archaeological 

-
ric studies of ore samples and archaeological arte-

to the 5th

Deposit Ore extracted [tons] Copper content [%] Ore extracted [tons] 

1.08 

1.03 

1951–1996 1.13 

Propadnala Voda 1956–1994 0.95 

1978–1991 0.87 

region until the closure 
of the enterprises 

1943–1995 1.05 

Table 2. Modern mining activities in the region.

Kalin Dimitrov

Bibliography
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Raiko Krauss

The Eastern Balkans in the Neolithic and 

Chalcolithic

ESOURCECULTURES

-
terials and Communication Systems in prehistoric 

-
tively studying the interaction between resources in 

an extended period of time. The choice of the south-

the very different raw material situations within 
these two regions. While many raw materials which 

-

to whether the resource use of human societies in 

the question should also be pursued as to what fac-
tors in the 5th -

complex settlements and rich burials of this time.

The Early and Middle Neolithic in the Eastern 

Balkans

-

-

part of the Mediterranean vegetation zone (Krauss 

economic means to advance into areas north of 

occurred only along these three river valleys with 
their comparatively mild microclimates. The con-

-
-

tered locations were chosen for settlements. In this 

reached the region of the Southern  Morava in cen-
tral Serbia and the lowlands on the lower course 

avoiding the countryside of Thrace and the south-

-

decades of the 61st

th

-

the most important site located at the foot of the 



Raiko Krauss30

-
-

is as yet no indication of a well- defined cultural 

region in the 59th

were described already very early and named af-

both do not feature the earliest expressions of the 

-

of the settlement mound of Karanovo is neverthe-

sequence from its initial settlement in the 59th 
rd

logical system of Karanovo I to VII suggested by 
-

-

Fig. 1. 
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-
er the settlement was abandoned and only during 

defined with reference to the ceramic material 
-

cultural groups which were distributed more or 
-

respectively is only characteristic for the Thracian 

In addition to agriculture and animal hus-

-

-

th to 54th 
-

only a few long-distance contacts beyond exchange 
relationships between immediately neighbouring 

-
-

tacts with the Aegean (from where they originat-

to have decreased over time or have indeed been 
-

production.

The Late Neolithic in the Eastern Balkans

-
rd cent. 

-
form vessel types such as the carinated bowl ap-

an exuberant practice of paint decoration of ves-

equally opulent tradition of plastic decoration with 
cannelures and punctured or scratched patterns 

with perforated snouts suggest that in this period 

A figurine of a bull with a person sitting on top 

-
-
-

of garments by means of cutting and boring since 

-

both excavated under the supervision of Petar 

items of jewellery and smelting of ore could be 
-

lithic is somewhat uncertain as the earliest settle-
ment layer was disturbed in many places by later 
cuts from the overlying Chalcolithic settlement.

Fig. 2. 
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-
-

bulgy lower parts. The decoration of these ves-
sels can be clearly distinguished from the decora-
tive technologies otherwise common in the K IV 

object. The distribution of the Toptepe pottery en-

-
garia is thus limited to the region between the 
Strandzha mountains and the modern coastline of 

Fig. 3. rd–50th
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occupies an intermediate position between K IV 

14

some point in the 50th

-
ulation and at the same time required the develop-
ment of new technologies for the more intensive 

the technological developments can only be indi-

which is expressed in a highly specialised ceramic 

-

-
niscent of textile structures and the abundant clay 

pintadera

The production of polished stone tools and the 

Fig. 4. 
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of the settlements appear in considerable num-

Pieces of jewellery fashioned from the shells of the 
Spondylus (Spondylus gaederopus

Dentalium -

Terminological Problems with the Research of 

the Chalcolithic

For the subsequent time interval from the 49th 
to 33rd

Chalcolithic because – in contrast to all other re-

-

-
al-historical epoch at the transition between the 

 

form of changes in settlement pattern and metal 
-

settlement system develops from the Danube delta 

defining character of this system is settlement 

generations. The ditches and palisades surround-

-
-

it is generally accepted that these tells are only the 
most prominent part of a much broader settle-

from the mounds. There are also sign of pile dwell-

come to an end at the turn of the 43rd to the 42nd 

-

Thracian plain in the 33rd

continues to be used. In contrast to the earlier use 
-

pears from the 36th

well as needles and jewellery dominate the metal 
inventory. Vajsov considered the appearance of ar-
senical copper as a precursor to bronze metallur-

-
-
-

metal was still in almost exclusive use during the 

Fig. 5. 
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horizon until the 37th

-
zon. The use of metal hence does not run parallel 

-
here to the traditional terminology in this volume. 

-
th to 43rd 

nd to 33rd

-

nd to 37th

th to 33rd

has been maintained.
The settlements and burial sites of the Chal-

colithic (i.e. of the 49th to 43rd

-
ible from their elevated position as tell sites in 
the landscape. This was also the reason for them 

there are hardly any sites from this period that 

-
though the density of the sites and the amount of 

-

at the same pace. Until the 1970s a greater cultural 

hardly surprise that the metal-rich graves of  Varna 

the differences and diversity in terminology ham-
pered a comprehensive understanding of the Chal-

Thrace until today.

brothers who recorded the burial and settlement 

Seure and Degrand probed two settlement mounds 

-
garian archaeologists were carried out under the 
supervision of Popov on the settlement mounds 

Fig. 6. 
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-

attention to the numerous copper finds from 

on the settlement mounds of Tangîru and Petru 

Fig. 7. th – 47th
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of the finds of the previously excavated tell of 

-
plain the main features of the relationship of the 
Oltenian finds to the development in Muntenia 

-

were the aforementioned excavations at the tell of 

after the border adjustments in the course of the 

the reason for the terminological diversity in the 

-

-

Polyanitsa Culture as a regional variant of the 

of ceramic production in different territories can 

with tells as the main feature and a general ab-

and communication system can be observed that 

the west is blurred (  

fortifications consisting of surrounding ditches 

sites are found exclusively in the transitional zone 

-
tended supine inhumations might be considered 
to be an adoption from the northern Pontic steppes 

crouched. With the exception of the coastal zone of 
-

humations remain the conventional burial conven-
tion for the entire Chalcolithic.

-
cieties with complex structures and the afore-
mentioned differentiated settlement systems and 
extreme disparities in the furnishing of graves 

accordance with the terminology based upon pri-

coast roughly from the mouth of the Danube 
in the north to the Strandzha Mountains in the 

-

-
sin might only be explained in this manner. Only 
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Fig. 8. th – 43rd
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south-west form a natural boundary permitting a 
tangible differentiation from the next sites in the 

-
entiated settle ments beyond the well-studied tell 

encountered in the various expressions of satellite 
-

-

between different residential and production 

Sociocultural Dynamics during the Chalcolithic

The early phase from the 49th to the 43rd

-
ic in its narrow sense according to the terminology 

comparatively well-researched. As in the preced-

-

-

-
-
-

-

to be very clearly reflected in the settlements 

-
tions in the exploitation of particular resources 

th -

ated burial ritual. Alongside the excessively richly 
furnished graves of Varna are also some burials 

-

but two complete individuals could be recovered 
which were evidently intentionally buried at this 
unusual place. The only grave good which could 
be documented was a stone axe. Whether the de-
ceased were members of the lowest social class 
of Chalcolithic society which had to harvest salt 
or victims of blunt force injuries which were sim-

-
al individuals within the Chalcolithic society were 

copper axes and hatchets could have been used to 
implement claims to power and maintain unequal 

-

A special treatment of deceased is suggest-

of this period display defects in the cranial vault 
which indicate a postmortem or even perimortem 
removal of portions of the cranial plate. Whether 

-
possible to decide based on the present evidence. 
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(

from human bone found at Pietrele are also signif-

is not an exclusive speciality of the south-eastern 

-

of Notenkopf -

large numbers from 5th -

-
-
-

practices within the burial ritual (Dambricourt 

made of human bones in the Chalcolithic settle-

-
ulets or tools from human bones can be seen as 

even beyond their physical death.
The development of metal weapons led to 

Fig. 9. 
calotte from Kozareva mogila (after 
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an exterior threat to the Chalcolithic communi-
-

spread distribution of both copper weapons and 
-

th

is also conceivable that the unequal distribution 
of resources that is visible in the settlements and 
graves may have resulted in social tension and 

be supposed from the dense distribution of Chal-
-

ed resources could have given reason for the rise 

protection. The development of metallurgy forms 
only one -

innovations could have been triggered by the so-
-

ic. Technological innovations seem to proliferate 

population densities and more developed social 
structures. Since a high density of settlements is 

could have resulted in a certain degree of social 
-

of the complex society of the Chalcolithic. Certain-

graves and settlements of the Chalcolithic is incon-

-

of Chalcolithic society may be understood as the 
direct consequence of social development during 

-
-

-
quired differing patterns of behaviour. On the one 

-
-

forced communities to either cooperate in the use 
of these resources or to develop means of coercion 

heightened propensity to innovation and various 
cooperation strategies but also methods of exercis-
ing power can be observed in the Chalcolithic of 

emergence of developed copper metallurgy.

On the Chronology of the Chalcolithic Tell 

Settle ments and the Cemetery of Varna I

reliable relative chronology of Chalcolithic find 

and 1995 and served as the foundation of the ab-

to their stratigraphic sequence was already in-

the settlement sequences of the tell settlements of 

-

uncertainty of measurement of the radiocarbon 

the standard deviation was reduced to ±80 to ±40 

in comparison with modern AMS dates. A further 
problem was the comparatively large sample size 
required for conventional measurements. In or-

usually so large that it contained contaminations 

-
dered the measured age much younger. A third 
problem was the sample material itself that con-
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that is the uncertainty from which part of a tim-

possibility of a very long period of use for the tim-

or plant seeds from stratigraphically secure lev-
els are of particular interest. Modern AMS labo-

which can be much better cleaned of possible 
contaminations.

in the modelling of 14C dates in accordance with 
their archaeological contexts were achieved. Most 

-

14C dates individ-

-
tion of termini post or ante quos -

tell of Pietrele could be calibrated according to the 
stratigraphic position of the samples (Weninger 

chronologically of settlement stratigraphies from 
14C dates provide a 

Fig. 10.  Multigroup calibration of 14 -
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Danube and in Thrace (  
The statistical evaluation of radiocarbon dates 

from the cemetery at Varna resulted in a chrono-
th to 44th

1 

the understanding of the development of the bur-
-

al tools which were deposited in burials as grave 
goods. Although the cemetery was established on 

1

all the analyses relating to chronology have already been re-

Fig. 11. 

and a copper awl from grave 51 ( -

116 (

Fig. 12. 
metal objects of the second phase: 1–3 three copper 

4 copper hammer-axe type Devnya from grave 229a 

-
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related to their height above sea level. Cultural 
reasons seem to have been far more decisive for 

seems to exist between deep and large graves and 
particularly rich furnishings. The age of the de-

-
ence on the style of burial and relative wealth of 
the grave. The heavy copper implements exhib-
it a development from initially simple forms of 

-
iniscent of their stone precursors into hybrid and 

successive replacement of copper jewellery by 
-

tion from Spondylus – initially predominant in the 
production of jewellery – to Dentalium. The latter 
may be related to a change in availability of these 

and must have been provided by widely-strung 

-
duction and increasing technological complexity. 

-
tefacts were found in one of the three graves of the 
Varna II burial site that is chronologically some-

that may be considered as predecessors to Varna I. 

Fig. 13. 
metal objects of the third phase: 1–2 two copper ban-
gles from grave 126 ( -

grave 143 (

Fig. 14.  Varna I. Typical metal objects of the fourth 
-

-
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certainly to be sought some centuries before the 

-
duction from initially very simple types and tech-
nologically simple production techniques into hy-

-

of over-furnishing is encountered and there is also 
a decisive change in the materials of prestigious 

wealth is expressed in grave goods of Spondylus 

Dentalium jewellery 

distinguished graves. Within the development of 
-

ing high prestige change but also other materials 
were successively used for the production of simi-

the individuals buried at the cemetery of Varna I 
may encompass only a small part of a larger com-
munity that perhaps encompassed the entire hin-

A mapping of the chronological phases of 
Varna I displays a development beginning in the 

the top and graves are built progressively further 

Fig. 15. 
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Fig. 16. 
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while the laterally crouched examples are con-

forming a straight line as a south-eastern border 
to the burial area. These deposits could be the ma-
terial remains of various rituals which followed a 
boundary between the living and the dead at the 
end of the period of occupation. The chronological 
termination of the cemetery is formed by a group 

which roughly half life-sized sculptures with an-
thropomorphic heads of clay were deposited.

A combination of 14C dates with statistically 
ascertained grave order confirms their chrono-
logical positions as the dates in their archaeolog-
ically determined order follow the calibration 

the curve ( -

The occupation period of 260 years obtained by 
the combination of statistical evaluation with the 
14

2 some indications for the role of 
the cemetery in the context of the burial rituals 

of burials is evidently too small for a single site. 

with the relatively large number of symbolic bur-

2 The varying statements of 269 or 270 physical graves in 

1. This complex unearthed in 1972 during development 
-

Fig. 17.  CA-based 14C chronology of the Varna I cemetery according to the relative chronological position of the 
14
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Fig. 18. 
produce salt in the foreground and drawings of the briquetage vessels found therein. On top of the prehistoric 
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male inhumations may also be explained by this 

is already evident in the burial group of Varna II 
and further develops in Varna I into the richest 
symbolic graves on the south-eastern edge of the 

by enclosing it. The search for a settlement relat-
ed to the graveyard seems futile in view of its de-
mographic data and chronological depth. Varna 
I might rather be understood as a distinguished 
burial ground within a large settlement area of the 

Resource Management during the Chalcolithic

-
lithic society was provided by agriculture and ani-
mal husbandry but to a substantial degree also by 

individual requirements of the settlements has to 

wheat and barley – that were introduced with the 

cultivation of genuine wheat and barley can be 
presumed. There are indications for successive 

peas and vetchlings. The grain was thus sown in 
-

-
ering of plants evidently was of lesser importance. 

nightshades from the tell of Pietrele (Hansen et al. 

possibly were collected because of their psychoac-
-

create the base of nutrition. Sometimes indications 

of a specialised use of local food resources are 
found in the settlements. Among the butchery 

of bones of wild animals are found which point to 

bones at the three sites exceeds even that of most 
-

tle display a somewhat larger proportion among 
the butchery waste. The minimum number of 

-

proportion of waste from domesticates butchered 

Similar high values for the game are to be found 
at many other tell settlements. An appraisal of the 

-

technological processes such as the tanning of 

fed from the surrounding highlands dissolve the 
salt underground and reappear as salt springs at 
several places in the vicinity of the tell. The tech-
nological process by which crystalline salt was 
produced during the middle of the 5th

Provadiya might be reconstructed as follows: the 

wide-mouthed vessels and resting upon a small 
base. The surface of the vessels is roughened 

one below the other on both sides of the vessel 
served as load-bearers for its handling by means 
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vessels were specially finished with a grooved 
surface so that the clay would better cling to it. 
These briquetages occur in three standardised size 

-

which the brine could be stirred also were found 
-

with brine by means of ceramic ladles again and 

body of salt corresponding to the vessel size of 

were smashed and disposed of in large waste pits. 

on the volume of the Chalcolithic waste pits ex-
cavated up to the year 2010 a production of 45 to 

90t salt in Provadiya alone was estimated (Weller 

Many of the objects found in the settlements 
and graves produced from inorganic and endur-

materials during the Chalcolithic. While local de-
posits overwhelmingly provided the vast majority 

also objects which demonstrably were made from 
imported raw materials. One of the most impor-
tant local raw materials of the Chalcolithic was 
the very homogenous radiolarite from deposits in 

Fig. 19. 
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-
cal record are clear signs of on-site production. 

3 The material extracted 
there is particularly suitable for the production of 
so-called superblades (

produced by means of extremely elaborate pres-
-

imental archaeology suggests the use of a complex 
lever apparatus in the serial production of these 

-
-

ly a small copper thorn proved to be particularly 

as it was only with the availability of copper that 

3 Personal communication Kalin Dimitrov.

beads were manufactured was locally available in 

in the cemetery of Varna consist of stones which 

-
-

been exploited in prehistory. The geographically 
-

lithic are those of the Cycladic island of Melos and 
those of the northern bend of the Carpathians.

-

particularly instructive. The jadeite hatchets from 

Fig. 20. 
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to the 48th

later than the 47th

jade hatchets arrived by means of exchange net-

that an unshaped stone material was transport-

green colouring of the material only appears on 
the polished stone and leaves the hatchet gleam-

-

batches arrived by the 48th -
ingly demonstrated by the discovery of a hoard 
of at least 28 hatchets from Svoboda in Thrace 
(

-

-

-
Spondylus and 

Dentalium
fabrication of jewellery. Their nearest geographical 

of alluvial placers render a regional supply from 

The Transition to Early Bronze Age

The end of the Chalcolithic tell settlements on the 
rd to the 42nd 

use of resources. The region of the lower course 

the prehistoric settlement dynamics was studied 

Chalcolithic are located preferably on different 
-

-

seems that the settlements existed only for short 

-
duced stability could be signs of increasing animal 

during the period from the 42nd

raises the question about the causes of this change. 
-

-

rd

-

of novel parasites. The densely settled regions of 
-
-

ly vulnerable to new pathogens.
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-

still continued to exist into the 38th

stylistic feature of various groups within the Car-

Massive copper implements such as axe-adzes of 

the area between the southern arc of the Carpathi-
-
-

the production of heavy implements shifted to the 

Fig. 21. nd – 37th
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Carpathian basin with the end of tell settlements 

th

-
gion of the Danube delta to eastern Thrace ( Meyer 

-

single habitation layer and were only briefly 

different from earlier pottery. The burial customs 

Fig. 22. th – 33rd
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the course of the 43rd

-

-

well studied. Different objects of pure copper were 
-

-

-

fall within the aforementioned plateau of the cali-
bration curve at the turn of the 40th cent. to the 39th 

 

For the following period between the 36th to 
33rd

able (
copper establishes itself comprehensively across 

triangular daggers and a few pieces of jewellery. 

-
4

The radiocarbon date of charcoal contained 

nd 
-

solutely unspectacular with respect to metal pro-

context to provide substantial details regarding 

the common materials for the region well into the 

4
th and 4th millennia 

-

Fig. 23.  Finds from a tumulus grave 
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-

should be placed in the 32nd

these small implements could certainly have been 
met by local sources. 

A View on Later Periods

to have become of merely secondary importance. 
-

possible that the tin required for the production 
of bronze was not readily available. This would 

-
per in the form of so-called oxhide ingots (
This ingot form is completely foreign to the region 
and can be regarded as an indication for the cop-
per supply that no longer relied on regional sourc-

-

by mining for primary gold at Ada Tepe in the 

ments appear at least in Thrace for a few centuries 
but hardly any evidence for satellite settle ments 
has been identified. In addition to tells circular 

Fig. 24. 
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-

with burials in crouched position are most com-
-

-

-

seem to emulate either Aegean or Carpathian ex-

-

-
alents of value in societies with pre-monetary ex-

question arises once more as to whether either 
-

cled scrap metal was employed. The incomplete 

an argument for the use of local metal deposits 
problematic.

In the 1st

-
tural groups appear which can be partially iden-
tified with the historically transmitted tribes of 
the Thracians. It may be assumed that the exten-
sive metallurgical and toreutic production of the 
Iron Age could once again (or perhaps even fur-

-

th

mining activity in the ore mining district of  Medni 

erased for the most part traces of prehistoric min-
ing. Almost all traces of the pre-industrial mines in 

could be identified with mining activity initiat-
Apollonia 

 Pontica

-

th mill. onwards is never-
theless securely established. A continuous use of 

-
-

epochs were relying on their own traditions and 
were not technologically related to previous min-
ing phases. One particular chapter in the mining 

the Soviet era. The landscape and transport infra-

-

long history of exploitation in this ore district with 
a clear focus upon the mining of copper ore and 
minerals.

Raiko Krauss
Institut für Ur- und Frühgeschichte und 
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René Kunze and Ernst Pernicka

The Beginning of Copper and Gold Metallurgy 

in the Old World

Introduction

of available raw materials characterises prehis-
toric societies more than any other technological 

-
ing techniques involved in producing the desired 

weapons and jewellery.
The technological innovation resulting from 

the introduction of copper also represents one of 
several aspects that favoured fundamental social 
changes towards hierarchically organised societ-
ies that can mainly be recognised by burial cus-

-

new ways of interaction between producers and 

-
-

als re-organised itself by the rise of new and partly 

-

those complex systems with long-distance contacts 

th mill. 
by the drastic reduction of the number of archae-

political and social upheavals or climate change 

Since the development of metallurgy and the 
resulting complex system of exchange and com-
munication cannot be treated as an isolated phe-

and most innovative centres of early metallurgy 
-

ern Pontic region including the southern Caucasus 
( -

-

presentations of the results of the project.

The Beginnings of Copper Metallurgy in South-

West Asia

-

in northern Iraq and western Iran. They date to 

the 13th mill. 
changes is the rising interest for intensely co-
loured materials that are clearly recognisable in 
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nature. In the preceramic settlements in this re-

worn as ornaments similar to objects made of 

use of copper minerals for the production of beads 
dates to this period. It is contemporary with  other 
green stone materials and might be interpreted 
as a symbol for the burgeoning green of crops in 
springtime and as well as a symbol for eternal fer-

 al. 

-
ent as ethnographic studies have shown (Mershen 

that those materials were occasionally exposed to 

copper minerals exposed to intense heat were ob-
served. The green malachite (Cu2 2|CO3

to the formation of cuprite (Cu2

-
  

had apparently been pounded to obtain colour 

Fig. 1. 

62 Trialeti.
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 -
ing of copper metal appears in the form of cold- 

-

such as annealing (heating to several hundred 
-

ready being applied. It was apparently already 
recognised that the deformation of metal results 
in increased hardness and brittleness so that it 

leads to recrystallisation of the metal and thus re-

renders it ductile again. Such practice has been 

of the 8th mill. 
 

th mill. 

 
 -

sidian from distant sources has been found at two 
 al. 

certain materials but also the transfer of metallur-

The innovative step of the ability to create 
new and desirable forms of a material by applying 
heat1 certainly forms the starting point for true ex-

-
tion of ores into metal. Claims for an incipient ex-

1
so-called recrystallisation twins by metallographic investi-

which only form on annealing after deformation of the cop-
-

suggested a natural geological process for this observation 

tractive copper metallurgy in Anatolia2 were based 
on smelting slags and cast objects (pins with rolled 

chimney in a house of the stratigraphic  layer 

modern city of Mersin in south-eastern Anatolia 
dating to the transition of the 6th to the 5th mill.  

  
3

-
larly suggested as indirect hint towards extractive 

lead as a native metal is extremely rare in nature 
-

already in the early Hassuna period lead metal 

unintentionally. This does not necessarily mean 

-

have guided the way towards more experimenta-
tion and eventually to the intentional production 

the discovery that metals can be melted and thus 
be cast into any desired shape is more easily imag-

The most convincing evidence for the ex-
tractive metallurgy of copper does not derive 
from the core region of early copper processing 

2 There was a long and controversial discussion on the 
material and the production technology of the mace head of 

-
-

as indications of extractive metallurgy in the 6th

while others raised doubts about their interpretations (for a 

clear that both sites do not provide evidence for extractive 

3

-

-
tually derives.
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 et 
5th mill. 
Anatolia only very few Chalcolithic metal objects 
have so far come to light. This may be due to the 

 Parz-

-
ty malachite beads and associated chalcolithic 

 
show close parallels with the cultural sequence at 

for extractive pyrometallurgy in this region are 
an awl and a pin with a double-spiral head as well 

 
the 5th mill. 

 4

-

the 4th mill. 

According to the present state of research and 
in view of the rather limited number of metal ob-
jects from the 5th mill. in north-western Anatolia it 
is not possible to draw any conclusions concern-
ing the socioeconomic conditions of the cultural 
groups and the possible relation to copper met-
allurgy. Only towards the end of the Anatolian 
Copper Age in the middle of the 4th mill. 
aspects of the technological and social structures 

-

 

4

th

  5 
A copper mineralisation with some indications 
of surface mining could have provided the mala-

 

tools together with semi-finished and finished 
implements and jewellery were discovered at 

 

An important site for possible contact between 

Sea. Several burials dating to the middle of the 4th 
mill. 
in Phase  

that show parallels to daggers of the developed 
-

local metal sources were used to produce these 
blades6 -

 7 Fur-

found which are similar to other western Anato-

-

chronology of this site has been discussed contro-
 

-

5
-

appear but smelting slag and crucible fragments were 
found. Schoop interprets this without detailed arguments 

6 Although the blades consisted of copper with high ar-

these objects concluded that the arsenical copper should be 

-

7 There is some typological relation of the earlier pottery 

-
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urines were compared with the Chalcolithic layers 

the late 5th mill.  

-

chemical composition the stratigraphically secure 
-

 8

Further research is required to identify the 
geological sources of the metals of the 5th and 4th 
mill. 
social organisation of this period (see a critical re-

 
-

documented from the 3rd

et  
9

can be reconstructed in the 3rd mill. 

While Chalcolithic remains of metal production 
-

ities were moved out towards the sources of raw 

steps of the chain of metallurgical processes (cast-

8

9

in the Troad that would be good candidates for early metal 

Only in northern and north-eastern Anatolia evidence for 
late 4th

settlements. Distances between copper mining and 
-

Most chalcolithic metal objects consist of ar-
senical copper resembling similar practices in 
the southern Caucasus. Traditionally it was as-
sumed that this alloy was largely produced unin-

arsenic-bearing copper ores. The reason was that 
native arsenic is quite rare and it is technically dif-

that arsenic is not only highly volatile but actually 

recently that it was possible to enrich copper with 

arsenides that can be produced by removing sul-
fur by extended heating (the metallurgical term 

 
 

th mill. -
gy as well as agriculture were practiced intermit-

clear if metal production only served the needs of 

external sources.

-
th 

mill. 
for a similar exchange in the 5th mill.

Early Copper and Gold Metallurgy in the 

Southern Caucasus

-
casus mountain range10 belongs to a hitherto sel-

10
with the outdated and politically motivated term ‘Trans-
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for early metallurgy and the respective trade re-
lationships due to its proximity and contact with 

-
11 while the preceding periods receive 

 
 recently has structured research on this subject 

individual research groups. A preliminary over-
view of the current research status should there-
fore be given at this time.

objects – mostly cold-hammered copper beads 
-

umented from several find contexts dating 
to the early 6th mill. -
casus. These can mostly be characterised as 

-
12 

 Aratashen13 -

  
The hesitant beginnings of extractive metallur-

th 
mill. 
 Shulaveri-Shomutepe complex into those of the 

impressive example of this can be seen at the site 
 

-
ment was documented a virtually complete chaîne 
opératoire -

11 For a comprehensive research history of prehistoric 
metallurgical practise during the Soviet and Post-Soviet era 

12 -

-

13 Indications of copper processing from the early 6th 
-

 
 -

ilar situation was found in a Copper Age layer of 

Armenia. Of particular interest here among the 
-

mains of crushed copper ore and two crucibles 
 

-
ly cultivated landscapes (especially in the river 

extensively practised from the early 4th mill. 
-
-

pe 
Mugan Plain in southern Azerbaijan (Kushnare-

of the 5th mill. 

made of pure copper but some with low contents 

 

th mill. 
the Middle Kura region are worth mentioning (see 

 14 Intentional alloy-
ing of copper with other metals appears from the 
middle of the 4th mill. 

-
ture.15 Despite the abundant natural occurrence of 
arsenic among copper ores in the southern Cauca-

 
 1 (mid 4th 

14

number of gold and silver jewellery was found at many of 
the sites mentioned in the text (e.g. the burial mounds from 

15

-

-
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mill.  al. 
  

coincides with a change in the social system and 
in trade. While intercultural connections were in-

from the middle of the 4th mill. 
of interregional relations with cultures to the 

-
tures in Mesopotamia and Iran in the southern 
Caucasus is largely based on the abundantly avail-

-
ly with the completely developed techniques of 

-
ment and weapons made from various copper 

one observes an abrupt architectural change 

which appearing relatively unprotected in the 
plain tract. Pottery production changed to quite 
fine and extremely elaborate vessel types – the  
so-called Kura-Araxes Type – which spread as far 

-

metallurgy of the southern Caucasus region and 
was valued as one of the most important materials 

use as a metallic material it can be used to indicate 
-

-
-

tural region: While in the northern Caucasus many 

4th mill. 

-

some beads from the princely tomb at  Arslantepe 
 

the middle of the 3rd mill. 

Tab. 

-
  al. 

 

-
gian archaeological team has demonstrated that 
already during the transition period from the 4th to 
the 3rd mill. 
secondary placers but also from primary gold de-
posits in the southern Caucasus (i.e. Hauptmann 
et -
tion could be that while gold was extracted in the 

it served rather as a trade good than as prestige 
good for the local nobility (Kunze et 

-

in this context. This is the largest gold deposit in 

exploitation is proven by a radiocarbon date of 
wood from the mine (Kunze et 
et  -

th and 3rd mill. 
were discovered in close vicinity of the deposit 
(Kunze et -
eral appearance closely resembles the setting of 

rivers and streams in the area there are also many 

-

grade ore zones (Hauptmann et 
et 
carrier minerals releases micronuggets that are 
concentrated in streams due to their high densi-
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melted together and mechanically processed 
(Wolf et -
cal innovation ore pits and mine galleries were 

of earlier mining activities were either completely 

testify to the fact that the extraction of primary 
gold was not absolutely necessary in this region 
and that the metal was relatively easily obtained 

With this we can observe a socioeconomic 
transformation into a complex society during the 
middle of the 4th mill. -
sus. The abundance of metal deposits16

-
rion for the relationship between the southern 

 

the end of the 4th mill. -

17

Early Metallurgy in South-East Europe

16 The southern Caucasus is rich in abundantly occurring 
metals as well as in obsidian deposits. The aim of this article 

-

17 The controversial and much-discussed silver vessels 
-

casus (end of the 4th

to the current state of research indicate increased interac-

-

was limited to smaller tools and jewellery  pieces 
made largely out of pure copper or secondary 

-
 

6th mill. 
by the appearance of more and more copper ob-

 
 

 V in 

-
-

 
-

et -

became increasingly more intensive with the be-

5th mill. 
-

into a production and processing centre for copper 
  18 

The social aspect of this new material is demon-
-

 
-

only indication of the social transformations. The 
-

which is characterised by the manufacturing and 

18
of the second half of the 6th

5th

believe metallurgy to have been present already in initial 
phases at the beginning of the settlement period and pyro-
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-
 

From the beginning of the middle to the late 
-

  VI cultural 
-

to further and more distinctive trade relationships 
-

the result of the copper trade alone. This change 
in the location of metallurgical centres is no doubt 

19

 
The prehistoric metallurgy of the area un-

der study has long been a focus of research due 
-

al development. An independent development 

had already been suggested by C. 

-
tremely pure copper (Junghans et 

-

or from copper ore extracted by smelting. Proper 

the main research focus with the discovery of the 
rich and wealthy furnished graves of Varna. The 

-
ons and jewellery was subsequently more precise-

 

19 -

th

-

analyses of the trace elements in the artefacts and 

The two earliest copper mining sites were discov-

-
per artefacts indicated early on the probable use 

for copper were further narrowed down using 
lead isotope analysis and dating of the ore deposits 

 
out among the entire ore deposit zone stretching 

ranges and from the topographical view from east-

isotope analysis show that not a single metal ob-
-

 
ore deposits in the southern Carpathian basin 
have been localised but have not been geochemi-

-

Other deposits to the east and south of the har-
-
-

-

-

20 
 

-
-

 

20 -

mineralisation near the present-day town of Atia. Cf. Discus-



René Kunze and Ernst Pernicka76

showing that these deposits had already been used 
for the production of artefacts during the Copper 

-
 

descriptions of the ore deposits west and south of 

 

whose central area was the Sozopol peninsula. 
This formation was bordered to the north by the 

-

 Cher-

and refers to a possible overprinting through later 
mining activity during antiquity. We are then deal-

-
ducted by P. 
treated widely in archaeology as a terra incognita 

Prehistoric gold metallurgy abruptly became 
of tremendous importance along with the discov-

 I in the year 
1972. It is still an unparalleled phenomenon with-
in its chronological and cultural context and be-

express the achievements connected with the in-

the obviously high expertise it seems as if these 
objects had already surpassed the inventive stage 

-
 I ceme-

tery represents an unusual manifestation. Since 
-

cussed as representing a completely new and yet 
unparalleled organisation of the Chalcolithic soci-

 

-
preted as indication for a hierarchically structured 

-
where else a comparable abundance of Chalcolith-

out of the 320 burials that have been excavated. 
-

prise over 80% of the whole gold assemblage.
According to earlier research casting was for-

merly rarely considered to have played a major 
role in the production of the gold objects from 

i.e. cold-welding of gold nuggets or their defor-

basic methods for the supposed earliest gold of 

to examination of the production techniques of 
 

comprehensive studies within a project funded by 
-

 
be shown to have been a regular method for the 

 -
ently was applied for producing solid as well as 
hollow objects of thin-walled section.

alloyed with copper at concentrations of more 
than 30%. These exceed by far the copper contents 
in natural gold and were possibly intended to alter 

-

-

these alloys (even if they only represent a small 
part of the gold objects so far discovered from 

-
per and gold metallurgy.

The origin of the gold was also a major re-
search issue. First analyses by A. 
were interpreted to show that the Chalcolithic 

-
tracted from mines in the southern Caucasus and 
exported over long distances. Within the project 
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laser ablation coupled with ICP mass spectrom-

above mentioned project it was possible to anal-
 I cemetery and 

further gold objects from contemporary settle-
-

vealed that native gold and also platinum metals 

the presence of platinum in the gold objects from 
Varna was the main reason that Hartmann sug-

the gold of the Varna I cemetery derives from re-
gional sources.

into prehistoric copper mining in the mining dis-

Age settlements.
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Petar Leshtakov, Miroslav Klasnakov, Galina Samichkova, 

and Kathleen McSweeney

The Prehistoric Site Akladi Cheiri, Chernomorets

-

-

discovered in the north-western area of Sozopol 

of Chernomorets town (  
250m west of the contemporary seashore lying on 

site area exceeds 1ha. Its eastern periphery is cov-

In the course of the period of October 2008 
-

ished buildings of the holiday village with a to-
tal area of 0.18ha were fully explored. The study 
of the western sector began in 2008. It covers the 

-

the western half of the inner courtyard intended 
for the construction of a swimming pool (  It 
has been determined that the site is multi-layered 

of the 4th

The Late Neolithic Level and Features (5400–

4900 BC)

The earliest artefacts from the site relate to the 
 

Karanovo 

1m deep. The pits are of an elliptical or irregular 

and animal bones. In the eastern sector a large 
area of irregular shape (over 80m2 -
plored. Its upper surface was covered with a lay-

-
resents a complicated system of many smaller pits 

-
tained a large number of archaeological artefacts 
similar to that in the other excavated areas. The 

suggest the ritual nature of these structures.

Pit 1 (Late Neolithic, Karanovo IV)

The pit is located in the north-western corner 
of sq. 
the east-west direction of 1.80m. Its northern pe-
riphery was destroyed during the construction 
of a modern building. The walls of the pit gradu-

at 0.70m from the level of detection (1.20m from 

up as follows: the layer immediately above the 

low density. A high concentration of animal bones 
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Fig. 2.
in the courtyard and immediately west of the complex.

Fig. 1.
Aerial photograph of the 
site from the north dur-
ing the building activities 
and following rescue ex-
cavations.
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20 to 25cm from the level of detection represent 

structure.
-

with the Karanovo IV period. Alongside pottery 

-

Pit 6 (Late Neolithic, Karanovo IV)

The pit is located in the north-western sector 
of sq. I9 and the south-eastern sector of I10. Its 
north-eastern half was destroyed during the con-
struction of a modern building.

-
ly shows filling levels. It is round in shape and 

-

a depth of 0.55m from the level of detection (0.92m 

Three levels of filling were distinguished. 
From the bottom up they are as follows: 

The layer just above the bottom of the pit is 

of small pieces of charcoal and daub in a lower 

fragments of pottery have been registered as well 

of a quern.
Then a layer of grey-brown clay soil with in-

clusions of small pieces of daub and charcoal fol-
-

tery fragments in a low concentration as well as 
single large animal bones.

from the level of detection (depth of 0.52cm from 

of incompact structure mixed with fragments of 

Pit 7 (Karanovo III/IV)

-

of 0.60m from the level of detection (1.41m from 

cone shape.

inclusions of charcoal and small pieces of daub. 
The walls are plastered with a layer of beige-ochre 

-

small and medium-size unprocessed stones were 
also registered near the bottom of the pit.

Pit 8 (Karanovo III/IV)

sector of sq. I6. It is similar in shape and size to 
-

ter. The walls are plastered with a layer of beige-

to gradually expand and become rounded to-

reached at a depth of 0.55m from the level of de-

next to the bottom is composed of light grey clay 
soil with inclusions of ash. The pottery registered 

-
imal bones are large and well preserved. Single 
pieces of malachite ore are also present as well 

depth of 0.30m from the detection level is com-
posed of yellowish-brown homogeneous loose 
soil mixed with charcoal. It contains pottery frag-
ments and animal bones in a medium concentra-

level of detection is of yellowish-brown clay soil. 

seal up the pit.
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Pit 12 (Karanovo III/IV)

The pit is located in the southern sector of sq. H9 

reached at a depth of 0.35m from the level of de-

The longitudinal section of the pit has an inverted 
truncated cone shape. Its eastern part encroaches 
on pit 13.

ochre-brown clay soil of medium density mixed 
with small pieces of daub and charcoal. Pottery 
fragments occur in a low concentration. Single an-

Pit 14 (Karanovo III/IV)

The pit is located in the north-eastern sector of 
sq. 
eastern half was destroyed by a trench for an op-
tical cable. The diameter of the surviving western 

reached at a depth of 0.30m from the level of de-

-
geneous brown loose slightly greyish soil with in-

and beige ash spots.
Pottery fragments occur in a medium to high 

artefact.

Pit 15 (Neolithic)

The pit was registered at the borderline between 
-

reached.

of high density. The concentration of pottery frag-

Pit 16 (Karanovo III/IV)

The pit is located in the south-western sector of 

-

the bottom up they are as follows:

is composed of brown clay loose soil with a high 
concentration of small pieces of charcoal.

-
our and a high concentration of charcoal was re-

-
posed of whitish-yellow coating mixed with grav-

level is about 20cm. The concentration of pottery 
fragments is lower than the that within the previ-

flint artefacts were found. The uppermost layer 
contains brown clay loose soil with a high concen-
tration of small pieces of charcoal. The concentra-
tion of pottery fragments is high as the fragments 
are mostly small. Many animal bones and flint 
artefacts were registered. A bone object was also 
found.

Pit 17 (Karanovo III/IV)

The pit is located in the south-eastern sector of 
sq. I9 and the south-western sector of J8. It is of ir-

eastern parts had been destroyed by a trench for 

with many small pieces of charcoal. Whitish clay 
spots and traces of burnt clay were registered at 
times. The concentration of pottery fragments is 
high as most of them are small to medium in size. 

and a stone adze.
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Pit 18 (Neolithic)

The pit is located in the south-eastern sector of 
sq. 

-
ish clay soil with a medium high density. Pot-
tery fragments and animal bones occur in  low 
concentrations.

Pit 19 (Karanovo III/IV)

The pit is located in the northern half of sq. I9. Its 

a depth of 0.60m from the level of detection.
 

brownish loose soil. A pile of seven stones was 

at 0.20cm long and 0.18cm wide. Five of the stones 

other two are in the periphery next to the south-
ern and south-eastern wall respectively.

The concentration of pottery fragments is low. 

Pit 20 (Karanovo III/IV)

The pit is located in the south-western sector of 
sq. F12 and the north-eastern sector of F11. Its 
western periphery falls into the western pro-

south-western periphery was partially destroyed 
by a modern trench for a pipe. The pit is elliptical 

 
The exploration of the pit is complicated by 

detection.

At a depth of 0.80m from the level of detection 
in the southern half of the pit a strip of burnt clay 

concentration of charcoal in the southern half 

0.20m in the northern half to 0.40m in the south-
ern one. The concentration of pottery fragments is 

At a depth of 0.50m from the level of detection 
a level of whitish clay was reached. It consists of a 

From the surface to 0.50m from the detection 

pieces of charcoal and daub. The concentration of 
pottery fragments and animal bones is high.

Pit 21 (Karanovo III/IV)

The pit is located in the south-western sector of 
sq. 

and narrow slightly at a depth of 0.60m from the 

depth of 1.20m from detection level.
The filling is composed of grey-whitish clay 

soil mixed with ash spots with a high concentra-
tion of small pieces of charcoal and four large 
pieces of burnt debris that are reddish in colour. 
The concentration of pottery fragments and an-

bone tools were also found.
The lower part of a pot with a deliberately 

made hole in the middle of its base was found at 
the bottom.

Fig. 3.
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Pit 22 (Karanovo III/IV)

The pit is located in the southern sector of sq. F14. 
It is round in shape and 0.60m in diameter. The 

-

reached at a depth of 0.65 to 0.70m from the level 
of detection.

mixed with tiny pieces of charcoal and mussels. 
Small pieces of daub and burnt spots were regis-
tered at the time.

The concentration of pottery fragments is low. 

and mussel shells with no traces of holes were also 
found.

Pit 25 (Karanovo III/IV)

The pit is located in the northern half of sq. F17 

south.
The filling is composed of grey-brown loose 

fragments of charcoal and very small pieces of 
daub. The concentrations of pottery fragments 

biconical ceramic object (symbolic representation 

fragments of stone tools were also found in the pit.

Pit 26 (Neolithic?)

The pit is located in the southern half of sq. F16. It 

it gradually enlarges and acquires a reversed con-

The concentration of pottery fragments is low.

Pit 30 (Karanovo III/IV)

The pit is located in the north-western half of 
sq.  29. It is elliptical 

 
was not possible to reach the bottom.

low density saturated with tiny pieces of charcoal. 

in size. Pottery fragments and animal bones occur 
in high concentration. The depth reached is 1.50m 
from the level of detection.

Pit 31 (Karanovo III/IV)

The pit is located in sq. F15. It is of a regular oval 

of detection.

pieces of daub and small fragments of charcoal 
-
-

tery fragments and animal bones is low.

Pit 32 (Karanovo III/IV)

The pit is located in the eastern sector of sq. 
Its southern part has been destroyed by a modern 
trench for the foundations of a building.

The filling is composed of yellowish-brown 
clay soil. Small pieces of charcoal and daub were 
registered. Fragments of a clay-made structure 
were revealed as well as burnt destruction debris 

Fig. 4.
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occur in a medium high concentration.

Pit 33 (Karanovo III/IV)

The pit is located in the central sector of sq. H19. 
Its shape is elliptical. The walls are vertical and 

from the level of detection.

and yellowish-brown in the central part. A con-
centration of small pieces of burnt destruction 
debris and charcoal was registered from the sur-
face to the bottom of the pit. Several single layers 

-
centrated in the north-western half of the pit. At 

-
ish spots and yellowish-brown loose soil were re-
vealed. Pottery fragments and animal bones oc-

The bones are mostly in the north-western part of 
the pit where the whitish spots were registered. 

 

and three stone pounders were also found in this 
pit.

Pit 35 (Karanovo III/IV)

The pit is located in the north-eastern sector of 
sq. F15 and the south-eastern sector of sq. F16. 

 
a depth of 0.70m from the level of detection the 

a conical shape. At this level it measures 2.10m 

of 1.40m from the detection level. The south- 
eastern and north-eastern borders of the pit have 
been destroyed by some other disturbance.

Several levels of filling were distinguished. 
From the bottom up they are as follows:

-

with small pieces of charcoal and daub.

At a depth of 0.80m in the northern and 0.90m 

the entire pit. The concentration of pottery frag-
ments is high.

A  layer of yellowish-white sandy-clay mixed 

-
ments continues to be high. The next level of the 
filling also contains whitish ash but mixed with 
grey- yellowish loose soil. At certain places there 

burnt clay and a white sandy substance was reg-

this layer three fragments of a clay structure were 

-

of pottery fragments is still high. From the surface 

loose clay soil containing a high concentration of 
ash. The concentration of pottery fragments is also 

-

tools and several pieces of daub from an oven were 
found there.

Pit 36 (Karanovo III/IV)

The pit is located in sq. 

to 0.70m from the detection level.

distinguished. From the bottom up they are as 
follows:

Fig. 5.
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From the bottom up to 0.50m from the de-

loose clay soil mixed with small pieces of charcoal. 

registered 
The next level is composed of white-yellowish 

-

10cm. The concentration of pottery fragments is 

animal bones from a large animal with horns. The 

From the level of detection down to 0.20m the 

mixed with small pieces of charcoal. The concen-
tration of pottery fragments is high. A fragment 

found there.

Pit 37 (Karanovo III/IV)

The pit is located in the eastern sector of sq. 
and the western half of sq. H20. Its shape is ap-

level of detection the pit narrows and its mea-

of 1.70 to 1.75m from the detection level (1.83m  

small pieces of charcoal and daub. The pottery 
fragments and animal bones occur in a medium 

and a piece of copper ore come from the same lev-
el. At a depth of 1.30m in the western part of the 

side up. Its dimensions are: 0.45m in length and 
0.25m in width. At a depth of 0.85m in the north-

smooth side facing the interior of the pit. The con-
centration of pottery fragments and animal bones 

-
el down to 0.25cm is composed of yellowish-brown 
soil with a high density.

Pit 39 (Neolithic)

sq. 

The walls are plastered with whitish- yellow 

brownish- yellow loose soil occasionally mixed 
with small pieces of charcoal.

Pit 40 (Neolithic)

The pit was registered in the central part of sq. 

reached at a depth of 0.38m from the repère.
The filling is composed of yellowish-brown 

clay soil of a medium high density. The pottery 
fragments occur in a very low concentration.

Pit 43 (Late Neolithic)

The pit is located in sq. 

of charcoal and daub. The bottom is reached at a 
depth of 0.70m from the level of detection. Pottery 
fragments occur in a low concentration.

Pit 44 (Late Neolithic)

The pit is located in sq. -
posed of whitish loose soil of a low density. A pile 
of burnt destruction debris was registered in the 
middle part of the pit. The concentration of pot-
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a piece of copper ore and a bone tool were also 
discovered.

Pit 45 (Late Neolithic)

The pit is located in the north-western corner of 
sq.  
south-eastern corner of I22 and the north-western 

detection.

of a high density mixed with small pieces of daub. 
Pottery fragments and animal bones occur in a 
medium high concentration. Some  pieces of cop-
per ore were discovered in the pit.

Pit 46 (Karanovo III/IV)

The pit is located in the north-western sector of 
sq. 

ash mixed with small pieces of daub. At a depth 
of 0.20m from the level of detection a level of 

mixed with a concentration of charcoal. Pottery 
fragments occur in a high concentration.

Pit 49 (Karanovo III/IV)

 
eastern sector of sq. -
tor of sq.  
and the north-western sector of sq. 

-

reached at a depth of 1.30m from the level of 
detection.

of a low density. At time spots of burnt clay 10 to 

-
tions of small pieces of charcoal and daub.

Pit 49A (Karanovo III/IV)

The pit is located in the south-western part of 
sq.  49. It 

the level of detection.

a layer of burnt clay destruction debris. A whole 

-

-
ing an increased concentration of a burnt organ-

on average. Pottery fragments occur in a high 
concentration.

Pit 50A (Neolithic)

-

reached.

brown clay soil mixed with small pieces of char-
coal. Down to a depth of 2.80m from the level of 

Pottery fragments and animal bones occur in a 
high concentration.

and ash inclusions appear.
From 3.50m to 5.00m from the level of detec-

tion the layer is of grey-brown clay soil mixed with 

pottery fragments registered at this level occur in 
a high concentration and are mostly large in size. 
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-
Bos taurus primigenius

a depth of 4.00m. At the same depth an increased 
concentration of pieces of burnt clay destruction 
debris of a compact structure and large in size (up 

as well as complete shapes and a bone awl. Pieces 
-

ty fragments of small and medium size (up to 

-

burnt daub. Pottery fragments found within this 
-

with a poorly preserved friable surface. Animal 

mainly from very large animals but also from quite 
small ones. Several large pieces of burnt daub from 
a compact structure were also registered. These 

mixed with prevailing inorganic inclusions and 
measuring up to 0.08 x 0.16m. Most of these have 
a face surface or imprints of poles about 1.5cm in 
diameter. The layer also contains several large 

a bone chisel and several fragments of and two 
whole stone pounders. At the same depth a large 
amount of well-preserved non-burnt wood was also 
found. Most of the fragments have a rectangular 

up to 0.50m. Probably the fragments were a part of 

pit. Among the more shapeless pieces of wood there 

-
es of cutting in several places.

The exploration of the pit was discontinued at 
-

ing not being fully removed.

Pit 55 (Neolithic?)

The pit is located in the northern sector of sq. 
Its northern periphery falls into the area of 
sq. -

reached at a depth of 0.60m from the level of de-
-

-
neous and mixed with yellowish sterile spots. Pot-
tery fragments occur in a low concentration.

Pit 56 (Neolithic?)

The pit is located at the border of sq. 

a depth of 1.70m from the level of detection. The 
walls are heavily bevelled down to a depth of 0.70 
to 0.90m from the detection level and then ex-
panding smoothly to sag just above the bottom.

The layer next to the bottom and around the 

coarser texture and mixed with small stones. Pot-

concentration compared to the upper levels (270 
flint pieces from a depth of 1.20 to 1.70m from 

burned clay. At a depth of 1.25 to 1.30m from the 
detection level a layer of burnt clay destruction 

At a depth of 0.80m from the detection level 
the layer acquires an ashy nature and grey col-

-
coal and burnt clay destruction debris increases. 
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several mussels.

and inclusions of small pieces of crushed daub. 
Occasional layers of ash and burnt clay destruc-
tion spots were registered. Pottery fragments oc-

there.

Pit 57 (Neolithic?)

The pit is located in the south-eastern sector of 
sq. 

mixed with small pieces of charcoal and daub in a 
high concentration. Pottery fragments and animal 

including two large samples and two red ochre 
lumps were also found.

Pit 58 (Neolithic?)

The pit is located in the western sector of sq. O17. 

low density mixed with small pieces of daub and 
crushed seashells. Some small pieces of copper 

-
ments of mussels were found.

Pit 59 (Karanovo III/IV)

The pit is located at the borderline between 
sq. H22–23 and I22–23. It is of an irregularly oval 

 

reached at a depth of 1.00m from the level of de-

-
panding in depth in the western and southwestern 
parts of the pit.

The following layers were distinguished with-

with small pieces of daub and charcoal. At a depth 
of 0.90m from the detection level a more compact 
layer was registered containing burnt organic ma-

the detection level displays a layered nature of al-
-

debris.
The filling at the level of detection is com-

posed of homogeneous grey-brown loose soil 
mixed with small pieces of charcoal. Pottery frag-
ments occur in a high concentration. The ashy 
layer contains a high concentration of pottery 

-
covered there.

Pit 60 (Karanovo III/IV)

The pit is located in the central northern part 
of sq. 
mixed with small pieces of daub and charcoal. At 

Fig. 6.



Petar Leshtakov, Miroslav Klasnakov, Galina Samichkova, and Kathleen McSweeney100

a depth of 0.60m from the detection level a light 
-

bones occur in a high concentration. A ceramic 

Pit 62 (Karanovo III/IV)

The pit is located at the borderline between 
sq. -

depth of 0.60m from the level of detection. Its di-
ameter is 1.85m. The walls are evenly shaped and 
slightly bevelled. The longitudinal section has a 

of daub and charcoal. At a depth of 0.25m in the 
north and 0.50m from the detection level in the 

non- homogeneous nature: the soil becomes light-

destruction debris and ash appear. The layer next 

is loose and mixed with charcoal. Pottery frag-
ments and animal bones occur in a high concen-

Pit 63 (Karanovo III/IV)

The pit is located within the area of sq. 

outside the boundaries of the survey area. It is ir-
regularly oval in shape and about 2.20m in diam-

of 0.50 to 0.60m from the detection level. The 

-
taining ashy layers and spots of burnt organic ma-
terial. Pottery fragments occur in a medium high 

concentration. Animal bones and a fragment of a 
quern were also found.

Pit 66 (Karanovo III/IV)

The pit is located in sq. M14. It is round in shape 
and 2.90m in diameter. The walls are compara-

smoother towards the bottom with two small pits 

-
ganic material and burnt destruction debris. The 
layer next to the walls and the bottom of the pit 
is more homogeneous: light brown clay soil with 

-
ties. Pottery fragments and animal bones occur 
in a high concentration in the upper levels of the 

-

-
ing and also an increased concentration of burnt 
daub mostly of a large size as most of them have 
a face surface. Two small pits were registered at 
the bottom. The eastern one has an elongated oval 

-
ing 1.20 x  1
as in the larger pit. It is exhausted at a depth of 
0.30 and 0.35m from the detection level. The bot-

Pit 67 (Karanovo III/IV)

The pit is located in the south-eastern sector of 
sq. 

detection level. The walls are almost vertical.

-

and burnt destruction debris. In depth the soil 
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decreases.

Pit 68 (Karanovo III/IV)

The pit is located at the borderline between 
sq. 
1.90 x 2.20m. The bottom was reached at a depth 

-
ly sloping to the centre of the pit. Its diameter is 

gradually expanding in depth. The filling is ho-

mixed with small burnt destruction debris and 
crushed seashells. Pottery fragments occur in a 

-

Pit 69 (Karanovo III/IV)

The pit is located at the borderline between 
sq. -

depth of 0.70m from the detection level. The walls 
are bevelled in the western part and expand in 

small pieces of burnt daub. Pottery fragments oc-

A Dug-In Structure

In the eastern sector a large dug-in area has been 
explored. It is of irregular shape (more than 80m2

Its upper surface is covered with an ashy layer 2 

system of many smaller pits reaching a depth of 

archaeological artefacts similar to those found in 
the rest of the pits.

Anthropomorphic Figurines from the Late 

Neolithic Features

-

of a small pin. The head and the torso are shaped 

breasts are applied to the torso. The legs and seat 

and then attached to the lower part of the pelvis. 

then smoothed. In this manner the connected parts 
5 f.

140 ceramic anthropomorphic and one stone 

one ceramic figurine was found intact and the 
 other 139 are fragments of various parts of the 
body.

Stone Anthropomorphic Figurine

to perforate a hole in one end of the body. One 
can notice that the hole has not been achieved en-

-
dant (  

Fragmented Anthropomorphic Figurines

Fragments of cylindrical heads: 25 pieces of a sim-
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attached to the cylindrical head. All the rest of the 
fragments belong to the second group (    

the cylindrical head rather than attached to it. The 
ears are smaller than the nose and probably have 
also been drawn. The eyes are similarly depicted 
in both groups.

Fragments of Torso with Semi-Spherical Arms

19 fragments of torsi were found. The arms are 
schematically shaped as two semi-circles and at-

(  

Fragments of Torso with Schematically Ren-

dered Anatomical Parts

The number of fragments found of this group is 

such a way that the sex could not be determined. 
Two of them have vertical parallel cuts on one 
of the wider sides in the lower half of the torso 
where the legs are supposed to be. Two fragments 
with male gender signs have been also found. In 

-

horizontal section between 0.8 and 1.6cm in dia-

3.7 to 5.5cm and in diameter from 1.4 to 2.2cm. 
-

to believe this is the entire length of the head 
(  -
vided into two groups according to the iconogra-

two fragments (  
have not been smoothed and it is clear they were 

Fig. 8. Strongly schematised anthropomorphic  

Fig. 9.

Fig. 7.
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Fragments with Legs/Pelvis

60 fragments of the lower part of the body belong-

 178
pivot points: two for the feet and two for the short 

-

stability. One fragment displays the sexual trian-
gle outlined by shallow incisions.

Fragments of Legs and Pelvis

There are two pieces. These are preserved 4.7cm 

pelvis with the left hip and a small part of the 
torso. The seat strongly protrudes outwards and 

hemispheric growth which can be interpreted as 

Fig. 12. Head of an anthro-

Fig. 10. Head of an anthro-

Fig. 11. Head of an anthro-
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-
ments bears traces of white inlay.

several fragments cannot be attributed to any of 
the above groups.

Typology

-

-

Sitting on the Legs/Pelvis (Type of Sitting, 

Sub-Type of on Legs/Pelvis)

a torso as a natural prolongation of the head 
with adherent hemispherical arms and attached 
breasts. Their size varies as they have obviously 

 
-

ing or have been rendered with two near- horizontal 
-

determine whether all head fragments belong to sit-

to the stylistic features of this sub-type.

Figurines with Schematically Depicted Anato-

mical Features

The body has been shaped out of a single piece of 
clay and the individual parts are not differenti-
ated. The shape of some of these resembles loom 

the lower side. The small diameter at the base of 
the head suggests that it was not solid. We can as-

-
tween 7 to 15cm.

Fig. 13.
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Standing Figurines with Hyperbolised Backs

The type is represented by two fragments. The 
surviving parts allow them to be related to the 

are quite small and do not give information 
about the proportions of the body or the shape 
of the head.

from the site discussed here can be distinguished 

closed complexes. This means that all three types 
-
-

ones and the standing samples. Only one entire-
ly preserved figurine was found on the site. It 
belongs to the group of schematically rendered 
shapes which favours the exploration and un-
derstanding of fragments of the same type. The 
remainder of the samples are fragmented. The 
fractures are in places in which the separate-
ly modelled parts of the body are constructively 

-
cance. The fragments of cylindrical heads can be 

iconographic tradition of heads during the period 
in question. We can distinguish two methods of 

torso and the legs are rendered together and do 

They do not show canonical or formal repeatabili-
-

-

layer in Sitagroi (Phase 

Taf. 203: -

-
riod of Karanovo 
and canonical. As a result of studying the samples 

-
ty that to the east the roads of cultural impact 
from the interior of Thrace extend directly to the  

north- eastern boundary of the area and the con-
tact zone between the Hamangia Culture and 
the Thracian traditions in the depiction remains 
open.

The Middle/Late Chalcolithic Features (4500 to 

4000/3900 BC)

A layer of 0.20 to 0.30m was registered to belong 
 

Chalcolithic and contains a large number of 
-

shape and at a depth up to 1.50m. In them ar-

fragmented pottery and other objects in smaller 
numbers.

Pit 2 (End of the Early/Beginning of the Late 

Chalcolithic)

The pit is located in the eastern sector of sq. J7 
and the western sector of sq. 

-

The filling is composed of light grey-brown 

pieces of charcoal.
Pottery fragments occur in a high concentra-

tion. The shapes relate the pit to the end of the 

-

-
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Pit 3 (Late Neolithic/Chalcolithic?)

sector of sq. I6. It is round in shape and 0.90m in 
-

-

yellowish-ochre grizzly clay soil mixed with small 
pieces of daub and charcoal. The walls are coated 

The concentration of pottery fragments is low. 

-
liar to the Chalcolithic.

ten to 15 mainly small and rounded stones.

Pit 4 (Late Early-Early Middle Chalcolithic)

The pit is located in the southern sector of sq. H11 
and the eastern sector of sq. H12. It is elongated 
and slightly rectangular in shape. Its corners are 

-
stroyed by a trench for a modern building. The 

reached at a depth of 0.50m from the detection 

almost cylindrical. 
The filling is composed of brown-ochre ho-

charcoal.
Pottery fragments occur in a high concentra-

of the Middle Chalcolithic.

flint artefacts and several small pieces of mala-
chite ore.

Pit 5 (Late Neolithic/Early Chalcolithic)

The pit is located in sq.  4. It is 
round in shape and 0.80cm in diameter. The walls 

reached at a depth of 0.60m from the detection 

of an inverted truncated conical shape.
The filling is composed of light grey-brown 

clay homogeneous soil mixed with small pieces of 
charcoal.

Pottery fragments occur in medium high con-

-
-

Pit 9 (Early Chalcolithic)

The pit is located in sq. 

0.65m in diameter. Its south-eastern half is be-
yond the area of research. The walls and the base 

0.30m from the level of detection.
Pottery fragments occur in a high concentra-

tion. According to the registered shapes and deco-

stone adze.

Pit 10 (Late Early-Early Late Chalcolithic)

The pit is located in the northern sector of sq. H9. 
Its northern and eastern parts have been de-
stroyed by modern building activities. It is round 

-

the bottom up they are as follows:
The layer just above the bottom is sandy in na-
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among them two large walls of a pithos and a frag-

From 0.40 to 0.60m from the detection level 
-

geneous soil mixed with beige-ochre layers and 

at this level contains a high concentration of char-

destruction debris of a compact structure was also 

axe and a fragment of a quern.

mixed with small pieces of daub and charcoal. 
Pottery fragments and animal bones registered at 
that level occur in a high concentration.

Pit 11

The pit is located in sq. -

-
-

-

small pieces of daub and charcoal. Pottery frag-
ments occur in a low concentration. Single animal 

Pit 13 (Early Chalcolithic)

The pit is located in the northern sector of sq. H10 
and the southern sector of sq. H9. It is oval in 
shape and 2.70m in diameter. The walls are al-

The longitudinal section of the pit has a truncat-

sides have been destroyed by modern building 
activities.

-

soil mixed at times with small pieces of daub and 
charcoal.

-
-

-

were registered.
Pottery fragments and animal bones occur in 

-

some small and one large piece of malachite ore 
were also found.

Pit 24 (Chalcolithic)

The pit is located in the south-western sector of 
sq. 

depth of 0.25m from the level of detection.

of a medium high density. At times whitish spots 
of clay texture appear. Archaeological artefacts 
are almost missing and there are only a dozen pot-
tery fragments.

Pit 27 (End of Early to Beginning of the Late 

Chalcolithic)

The pit is located in the north-western sector of 
sq. 

of a medium high density. At times concentrations 
of small pieces of charcoal and daub appear as 
well as whitish spots of clay texture. The pit con-
tains a high concentration of pieces of iron and 

10.0cm. The concentration of pottery fragments is 
medium high.
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Pit 28 (End of the Late Chalcolithic)

The pit is located in the south-eastern sector of 
sq. 

 

saturated with many small pieces of daub. Spots of 
red burnt clay were registered next to the bound-

-

the detection level (  
than one pot. Two whole miniature vessels were 
also  found in the pile. The fragments lie main-

the periphery of the pit they are slightly inclined 
following its walls. Among them small stones and 
a piece of copper ore are also present (  
The pile is concentrated in the western half of the 

west. In the eastern half of the pit a further pile 

several pottery fragments and a piece of daub ap-
pears (  

attached to one another. A third stone lies 0.15m 

-
tween the two piles are fragments of a ceramic 

 

Fig. 14. -
colithic pit 28.

Fig. 15. -
sel with traces of secondary burning on the inner 
surface. From pit 28.

Fig. 16.
pit 28.

Fig. 17.
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bears traces of copper and iron oxides (  

walls of the structure are roughly smooth. Most 
probably the structure was oval in shape. Its base 

walls of the fragments is about 4 to 5cm. The pre-
served height of the structure is about 0.15m.

Pit 29 (Chalcolithic?)

The pit is located in sq. 

-
mains unexplored.

with small pieces of charcoal and tiny pieces of 
-

tion level a whitish spot with the appearance of a 
clay structure mixed with small pieces of charcoal 
and daub. Pottery fragments and animal bones oc-
cur in a medium high concentration.

Pit 34 (Posthole)

The pit is located at the borderline between sq. F13 

detection.

density. Pottery fragments occur in a low concen-

was formed from an angular bearing pole con-
nected with a spot of burnt destruction debris in 
sq. -

Fig. 18. -
lithic ceramic sherds with incised 
decoration. From pit 28.

Fig. 19.
sherds with adherent slag residues probably from 
metallurgical processes. From pit 28.
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base and continuing to a depth of 0.45m from the 

charcoal and destruction debris.

Pit 38 (Late Early – Early Late Chalcolithic)

The pit is located in the central part of sq. H21. It 

west and measuring 2.60 x 2.30m. The bottom is 

detection.

pottery fragments and stones. The fragments be-
long to a bowl. There is a stone inside it with no 
traces of being used and a large stone pounder. A 
stone tool was found immediately  to the north of 
the bowl and had been reused as a pounder.

a high concentration of small pieces of charcoal. 

-
tered at a depth of 0.50m in the north-eastern part 

Pit 41 (Early Chalcolithic?)

The pit is located in sq. -

The south-eastern part of the pit had been de-
stroyed by pit 42.

-
tinguished. At a depth of 0.30 to 0.40m in the 
north-eastern part of the pit a level of burnt de-

-
tioned next to each other. The soil between them 
is beige-brown in colour. The concentration of 
pottery fragments and animal bones is highest 

north-western part some large crushed stones 
were revealed.

Pit 42 (Late Chalcolithic)

The pit destroyed the south-eastern part of pit 41. It 
is round in shape and 0.90m in diameter. Its longi-
tudinal section has an inverted conical shape. The 

a depth of 0.95m from the level of detection.
The filling is composed of brown loose clay 

soil containing a high concentration of small piec-
es of charcoal. At a depth of 0.50 to 0.55m from 
the detection level a layer of crushed boulders 
was registered. It could be traced along the entire 
area of the pit. Pottery fragments occur in high 

Pit 50 (Chalcolithic)

The pit is located in sq. 
level of detection down to 0.40m is composed of 

Fig. 22.
ceramic fragment with traces 
of secondary burning and 
adherent slag residues from 
pit 28.

Fig. 20.

Fig. 21.
-

ment with traces of 
secondary burning 
and adherent slag 
residues from pit 28.
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brown clay soil of a high density and mixed with 
small pieces of burnt destruction debris and char-
coal. Pottery fragments occur in a medium high 

At a depth of 0.40m from the detection level 

and lower density. The inclusions of small pieces 

At a depth of 0.60 to 0.80m from the detection 
-

also appear. Pottery fragments at this level occur 
in a low to medium high concentration. Single 
small animal bones are also present.

At a depth of 0.70m from the detection lev-
el the pit narrows in its northern part through a 

-
-

tered are larger in size and their surface is com-
paratively well preserved. Animal bones were 
found in a very high concentration.

At a depth of 1.10m from the detection level a 
second pit was registered: 50A.

Pit 51 (Late Chalcolithic)

The pit is located in the central eastern part of 
sq. -
aries of sq. O16. The pit is of an irregularly oval 

the western and southern walls concave. The bot-

level of detection.

compact soil of a high density and mixed with 
small pieces of crushed daub and charcoal. It be-
comes slightly brighter by depth and more homo-
geneous and looser. Pottery fragments occur in a 

flint artefacts and five fragments of stone tools 
were also found. At a depth of 0.30m from the 

detection level two pieces of copper ore (mala-

Pit 52 (Chalcolithic?)

The pit is located in the north-eastern sector of 
sq. 
within the boundaries of sq. 

of 1.40 to 1.45m. Down to a depth of 0.70m from 

thus the pit acquires a slightly pronounced bell-

and gravel. The soil becomes slightly brighter and 

At a depth of 0.10 to 0.25m of the detection level 
two fragments of querns were revealed next to the 

0.80 to 1.20m from the detection level. In the cen-
tral part of the pit at a depth of 0.90 to 1.00m from 
the detection level a grinding stone measuring 
0.25 x 0.35m was revealed.

Pottery fragments occur in a high concentra-

about twenty crushed stones of small and medium 

Pit 53 (Early Chalcolithic)

The pit is located at the borderline between 
sq. 
1.40m in diameter. Its north-eastern periphery 

in the south-western sector of sq. M14. The walls 

reached at a depth of 0.45m.
The layer next to the bottom is light brown in 

pieces of charcoal of a medium high concentration 
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and a low concentration of daub. A fragment of a 
grinding stone was revealed lying on the bottom 

-
posed of grey-brown clay soil mixed with small 
pieces of daub. At a depth of 0.35 to 0.40m from the 

in situ 
directly against the wall. A fragment of an ani-
mal jaw was lying below the bowl. Fragments of 
a further bowl were found next to the southern 

pounder and an animal bone were found next to 

concentrated next to the walls of the pit.

Pit 54 (Early Chalcolithic)

The pit is located in sq. H22. It is round in shape 

-
spherical section (  

-
ments belonging to a single pot (  
a copper pin next to them (  

semi-manufactured pounder were present. The 
pottery fragments cover the entire surface of the 
pit relatively evenly and tightly. Those around the 
periphery lie slightly sloping inwards towards the 
centre.

with small pieces of daub in a low concentration. 

The bottom is reached at a depth of 7 to 8cm below 
the level of the fragments.

Pit 61 (Early Chalcolithic)

The pit is located in the north-western sector of 
sq. O14 and the north-eastern sector of sq. 

reached at a depth of 1.20m from the detection lev-
el. Its diameter is about 2.10m. The walls are reg-
ularly formed and nearly vertical. The section of 

-
ed towards the bottom. In its upper two thirds the 

structure and further down into the sterile base 
(brown-yellowish clay layer of a medium-coarse 

charcoal and daub.
Pottery fragments occur in a medium high 

pounders were also present.

Pit 64 (Late Chalcolithic)

The pit is located at the borderline between 
sq. 

Fig. 23. -
colithic pit 54.

Fig. 24. 
pit 54 with ceramic vessel and a copper pin in situ.
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of 1.10m from the detection level. Its diameter is 
-

and slightly expanding by depth. The longitudinal 
section is inverted conical in shape.

mixed at times with light brown clay spots. At this 
level the concentration of artefacts sharply de-

found.
-

with small pieces of charcoal and burnt daub. Pot-
tery fragments occur in a high concentration. An-

found.

Pit 65 (Chalcolithic?)

The pit is located in the central southern sector of 
sq. 

the level of detection. Its diameter is 1.60m. The 
walls are bevelled and well-shaped. The longitudi-
nal section is inverted truncated conical in shape.

Pottery fragments occur in a medium high concen-

-

Fig. 25.
with incised decoration from pit 54.

Fig. 27.
Chalcolithic pit 54.

Fig. 26.
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Prehistoric Burials of the 4th Millennium BC

In the course of the archaeological excavations 
five graves and several disarticulated human 

as the disarticulated human bones relate to the 
4th mill. 
probably from the 19th cent. AD. The buried in-
dividuals had been deposited in an extended po-

  2 had been dug to a depth of 0.50m 
from the modern surface. The pit is poorly identi-

-

-

  3 is similar in orienta-
tion to the one described above. It is a rectangular 

fasteners. Some of the buttons have galloons pre-
served on them. Probably all of the artefacts found 
came from a military uniform. After the buttons 

-
tions could be seen  on their reverse side. For the 

the 19th cent. 

Grave 1

 H8. The burial pit had 

less well determined outline in the north. Its ori-

in length and about 0.70m in width (  

of a relatively homogeneous structure with in-
clusions of small pieces of crushed daub. Pottery 
fragments in a low concentration were registered 

-

-
eral small pieces of malachite ore. The bones of 

-
served although fragmented. The right temporal 

result of soil pressure.
The deceased had been deposited in a con-

The head was oriented west to south-west with the 
face to the north. The arms were heavily contract-
ed at the elbows and lay parallel to the vertebral 

The vertebral column was oriented towards the 
northwest. Femoral bones form a right angle with 

its maximum width is 0.63m.
 
 

contracted position of the upper and lower limbs 

-
velopment indicates that the deceased is an adult 
individual. The individual died  between 35 and 

he was male. He was probably a gracile man. His 
-

age of 1.68m.

-
tact with copper ore. When scraping the ground 

a hole in the middle was found about 0.60 to 0.70m 

-

grave good (  

Grave 4

 I22. The burial pit could 
not be identified. Only a fragment of the verte-
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femur have survived (length respectively 0.08m 

 tibiae and  and some of the bones of the an-

 femur. Perhaps it is a burial in crouched position 

 
-

dicates that this was an adult individual although 

Grave 5

 I22. The burial pit could 

 -

Fig. 28. th

Fig. 29.
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humeri and both femurs survived almost com-

it is clear that they belong to a child. Dental de-
velopment and the length of the humerus indicate 
that the age at which death occurred was between 

In front of the forehead a ceramic vessel was 

from north-east to south-west. The diameter of the 

is 5cm. In front of the humerus a further vessel ap-
-

(  
In sq. 

-
longing to a large robust male.

Early Bronze Feature and Artefacts 

(2300/1900 BC)

Pit 23 (Early Bronze Age III)

sector of sq. 
because its eastern third had been destroyed by a 
modern cable duct. The surviving part measures 

-

level of detection.

of the pit. From the bottom up they are as follows:
The first level of the filling is composed of 

-
ture occasionally appear. At a depth of 0.30m from 

of two complete vessels and fragments of three 
-

ture (  
rim was lying below the stone. The fragments mea-
sure up to 0.30m in length and 0.15m in width. A 

-

a part of the rim are missing. They had probably 

Fig. 30.
crouched position in grave 4 without grave goods.

Fig. 31.
crouched position in grave 5.

Fig. 32.
grave 5.
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small animal were revealed south-west and north-

-
pears 0.20m north of the jug. The pile also contains 
small pieces of daub and two tiny stones.

15cm. At a depth of 0.10m from the detection level 
-

(  -
tor of the pit. One of the vessels was located on top 

about 0.20m from the stone. Six tubular small an-
imal bones were found in the south-western pe-
riphery of the pit.

ore.

Discussion

-
construction of the metallurgical activities in the 
area of the prehistoric site ( . 
The copper ore extracted by the ancient miners 

-
ers and grinders in order to extract the stone ma-

that time. This is evidenced by the large amount of 
iron ore and the small malachite pieces revealed 

a collar shape. They were more than 20 or 25cm 

-
tion of the amount of ore needed for one furnace 
loading and the amount of metal produced. This 
smelting tradition was preserved in later periods. 
Pieces of similar installations have been found in 

. Charcoal was probably used as 
the fuel needed to achieve the necessary tempera-

sherds is unclear. Their features do not suggest 
that the vessels were used as crucibles. What is 
more plausible is that they were arranged in the 
smelting installation as a divider which regulated 

-
duced or any additional processing. The crucible 
and the two copper tools from the site show that 
the metal was re-smelted and cast in moulds. How-

have yet been revealed.

Fig. 34.Fig. 33.
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The reasons for depositing various scraps of 
metal production in this feature remain unclear.

-

view them as an expression of a well-developed 
ritual that accompanied the life of the ancient 
metallurgists.

-
ence of powerful ore extraction and a metallur-
gical site in the 5th mill. -
ence of ore in the layers from the latter half of the 
6th mill. supports the theorised pre-metallur-
gical phase needed for the accumulation of basic 

produced. Although no analyses of the ore pieces 

-
-

of the site. There are many possible reasons that 
the search for traces of these activities has not yet 

-
plained as the preliminary phase of research. On 

in the 5th mill. 
during the exploitation of the deposits in antiqui-

Apollonia Pontica

The analyses of copper tools from the Du-
 I cemeteries clearly show that 

a large part of the raw material for their produc-
-

which were too remote from one another for the 
time.

These preliminary observations and conclu-
sions demonstrate the need for continued research 

-

production and exchange routes in the southern 
th mill. 

Petar Leshtakov

Miroslav Klasnakov

Galina Samichkova

Kathleen McSweeney

UK



The Prehistoric Site Akladi Cheiri, Chernomorets 119

Bibliography

177–187. 

 

-

 





121

Radka Zlateva-Uzunova

Results of the Technological, Typological and Raw 

Material Analysis of Chipped Stone Assemblages 

from Akladi Cheiri, Chernomorets

-

So far 4260 chipped stone artefacts from vari-

Late Neolithic

lithic are the most numerous: 3262 pieces. The 
structure of the assemblage is dominated by the 
retouched tools (

-
ments and natural pieces are considerably smaller 
in number.

Cores: 31 pieces (
nine natural pieces displaying traces of direct at-

been exercised for pre-processing and shap-

Almost all of the artefacts in the group have 
been made on concretions.

The single-platform cores are presented by 
-

ments. The characteristics of the whole pieces have 

narrower side of the cores (

 traces of preliminary preparation are rare. The 

are faceted (

also preserved entirely or partially along some of 

sides of the chipping platform (
( -
fact was pre-processed from the point.

-

the chipping platforms are opposite in one of the 
cases (
points are natural. One of the cores has one of its 
sides displaying traces of pre-processing from the 
chipping platform.

There are two whole cores with changed ori-
entation (

were hit from edges between them.
The size of the whole artefacts is between 25 
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Technological groups
Late Neolithic Early Chalcolithic Late Chalcolithic Early Bronze Age 

n ~% n ~% n ~% n ~% 

Cores 31 13 - - - - 

568 180 6 - - 

595 165 7 - - 

Chips 258 35 - - - - 

417 199 6 - - 

361 67 - - - - 

760 208 37 8 100 

5 1 - - - - 

Undeterminable fragments 265 65 1 - - 

Others 2 - - - - - - 

3262 100 933 100 57 100 8 100 

4260

Table 1.

Type
Late Neolithic Early Chalcolithic 

n ~% n ~% 

Single-platform cores 16 2 

Double-platform cores 2 2 

Cores with changed orientation 4 1 

Concretions and fragments of concretions with traces of chipping 3 1 

5 4 

1 3 

31 100 13 100 

Table 2.

Kinds of debitage 
Late Neolithic Early Chalcolithic Late Chalcolithic 

n ~% n ~% n ~% 

568 180 6 

595 165 7 

Chips 258 35 - - 

417 199 6 

361 67 - - 

Undeterminable fragments 265 65 1 

2464 100 711 100 20 100 

3195
Table 3. 
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grouping to be observed.

are 461 in number. The group contains 62 distal 

Semi-fabricates of a rectangular or trapezoi-
dal shape prevail. There are also pieces of an ir-

rarely. The cross-sections are mostly multi- faceted. 
The triangular and trapezoidal examples are pre-

( 
-

-
nant ( -
ber of artefacts obtained from cores in advanced 
stage of exploitation and from those with a par-
tially preserved cortex and non-industrial surfac-
es situated differently to the morphology of the 

-
er degree. There are only few artefacts made from 
double-platform cores. Tablets are sporadic as 
well as one- and two-sided crests.

Only the whole artefacts among the debitage 

-
ments as well. The measure of length and width is 

between 25 and 35mm (

Fig. 1.
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-

them with entirely or partially preserved natural 
surfaces suggesting that probably they belong to 
the stages of initial fracturing of the natural forms 
or preparation of the cores.

Chips: 258 pieces. These are leftovers from 

on the semi-fabricates and of precise preparation 
and repair of the cores.

-

number of whole pieces is 82. On more than half 

distinguishable traces of use without any addition-

The lateral edges of most of the blades are di-
vergent and straight. On third place are blades 
with convergent lateral edges. Irregular edges 
appear in less common cases. Concerning the 

faceted and semi-elliptic cross-sections are re-

have almost the same number although they are 

The butts of 182 blades have been preserved 
and the ones prepared by a single blow dominate 
( -

dorsal surfaces shows (

semi- fabricates are from single-platform and sel-
dom from double-platform cores mainly in an 

-
-

resentation of one- and two-sided crests within the 
group.

The values of length of the blades are grouped 
mainly between 35 and 45mm (

-

convex profiles obtained by means of pressure 
from single-platform cores in an advanced phase 
of exploitation.

Undeterminable fragments: 265 pieces of small 
undeterminable fragments mainly burnt.

-
-

ral fractions.
-

ing traces of deliberate abrasion of the walls.

Retouched Tools

 
fragments thereof are seldom (  
scrapers with arched fronts dominate in the 
group. In most cases only the front was processed 

Kinds of bases

Late Neolithic Early Chalcolithic 

Blades Flakes Blades Flakes

n ~% n ~% n ~% n ~% 

Prepared 97 101 30 38 

Dihedral 31 90 18 23 

Faceted 26 117 5 29 

7 64 5 23 

21 134 5 34 

182 100 506 100 63 100 147 100 

Table 4.
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Negatives of the dorsal surfaces

Late Neolithic Early Chalcolithic 

Blades Flakes Blades Flakes

n ~% n ~% n ~% n ~% 

From a single-platform core 251 129 155 46 

From a single-platform core with a 
cortex dorsal surface 6 26 1 27 

From a single-platform core with a  
½ cortex on the dorsal surface 52 37 6 12 

From a single-platform core with a 
lateral cortex 81 76 20 14 

From a single-platform core with a 
cortex on the distal part 6 121 10 37 

From a single-platform core with a 
cortex in the mezial part of the dorsal 
surface 

2 8 2 9 

From a double-platform core 8 14 2 3 

From a double-platform core with a 
cortex dorsal surface - - 2 - - - - 

From a double-platform core with a  
½ cortex on the dorsal surface 1 2 - - 1 

From a double-platform core with a 
cortex in the mezial part of the dorsal 
surface 

1 8 - - - - 

From a double-platform core with a 
lateral cortex 1 7 3 2 

From a core with a changed orienta-
tion - - 67 - - 20 

From a core with a changed orien-
tation and a ½ cortex on the dorsal 
surface 

- - 5 - - - - 

From a core with a changed orienta-
tion and cortex on the distal part - - 6 - - - - 

From a core with a changed orienta-
tion and a lateral cortex - - 21 - - 3 

Tabletes - - 25 - - 6 

One-side crests - - 6 - - - - 

One-side crests with a cortex on the 
dorsal surface ½ 3 1 - - - - 

One-side crests with a lateral cortex 2 - - - - - - 

Two-side crests with a cortex on the 
distal part - - 5 - - - - 

Two-side crests with a lateral cortex 3 2 - - - - 

417 100 568 100 199 100 180 100

Table 5.



Radka Zlateva-Uzunova126

Length in mm Width in mm Thickness in mm 

Class n % Class n % Class n % 

15–25 97 15–25 284 1–5 73 

25–35 230 25–35 256 5–10 430 

35–45 131 35–45 28 10–15 65 

45–55 3 45–55 - - 15–20 - - 

461 100 568 100 568 100 

Length in mm Width in mm Thickness in mm 

Class n % Class n % Class n % 

25–35 18 10 188 

35–45 51 10–20 400 5–10 229 

45–55 10 20–30 7 - - 

55–65 3 30–40 - - - - - 

82 100 417 100 417 100 

Typological groups 
Late Neolithic  Early Chalcolithic Late Chalcolithic Early Bronze Age

n ~% n ~% n ~% n ~% 

294 62 12 - - 

Combined tools 15 3 1 - - 

Perforators 7 11 1 - - 

6 1 - - - - 

21 1 - - - - 

Truncated tools 25 13 1 3 

Segments 24 - - - - - - 

Trapeze 2 - - - - - - 

Triangles 3 - - - - - - 

56 25 4 2 

12 1 - - - - 

Splintered pieces 16 9 - - - - 

Side-scrapers 12 - - - - - - 

51 15 1 3 

Undeterm. fragments of 
retouched tools 216 67 17 - - 

760 100 208 100 37 100 8 100

Table 6. 

Table 7.

Table 8. 
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(
retouch along one or both side edges of the dor-
sal (
end-scrapers with straight (
oblique fronts ( -
ical ones ( -
ond in the group after the pieces with arched fronts. 
We can observe also combinations of two arched 
(
and arched (
( -
pear often in the collection (

Combined tools: 15 pieces. Almost all repre-
sentatives of the group match the characteristics 

dorsal surfaces and bipolar splintered pieces – on 
the ventral ones (

single burin on a blade with oblique truncation 
on the opposite edge (
gibbous shaped on one of the edges and a straight-

Perforators: seven pieces. Perforators on frag-

semi-steep retouch which in most of the cases cov-
ers also the edges of the dorsal surfaces. Most of 
them are typical (
are also present (

-
acteristics of the previous group except that most 
of them have been made of blades (

-
-

resentatives of the group display a one- lateral 

Fig. 2.
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bear a convex (

Truncated tools: 25 pieces. The artefacts with 
oblique truncation prevail as they have been 

Occasionally single pieces with double oblique 
truncations are also present with retouch on one 
or both side edges (

blades and bladelets (
have been shaped by steep to semi-steep retouch 
in some cases being bi-serial.

Trapeze: two pieces. With two oblique trunca-

Triangles: three pieces. A type similar to the 
previous one except that the oblique sides meet to 

shape an angle (
the retouch on its oblique side applied along the 
dorsal and on the other along the ventral surface 
(

elements of the group are fragmented as the ones 
with semi-steep retouch prevail. The retouch has 
been applied differently to the morphology of the 

and more rarely one-lateral (
-

touch along the edge (
seldom.

-
ent. Most of the artefacts in the group have 
separate one-lateral and well-shaped notches 

Fig. 3.
 

-
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(
one of the edges (
both opposite edges (

in the group are to be determined as bi-polar 
(

steep to semi-steep one lateral retouch. The side- 
scrapers with a straight (
edge (
number.

retouch running differently to the morphology 
of the pieces. In most of the cases the retouch is 
one-lateral on the dorsal or the ventral surfaces 

(

and one-lateral on the ventral surface (
or applied across the distal parts (

notched retouch usually one-lateral is also small in 
number (

Undeterminable fragments of retouched tools: 
216 pieces. Small fragments are impossible to be 
related to a certain type.

Early Chalcolithic

Cores: 13 pieces. Most of the representatives of 
the group are natural forms without any pre- 
processing and attempts to a direct operation.

Fig. 4.
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One only core of both single-platform pieces in 
the ensemble is whole (
on a concretion in an advanced phase of exploita-

-
form and preparation of one of the sides from the 
chipping platform.

There are two double-platform cores (

concretions. They are registered in an advanced 

and bladelets. The chipping platforms of both arte-
-

posite in the other.
The only core with a changed orientation has 

with narrow tangent chipping platforms for ob-

number. There are 33 distal and 25 proximal frag-
-

rectangular shape. The cross-sections are mostly 
multi-faceted. The trapezoidal and triangular ones 

semi-elliptical ones. The arched and S-shaped pro-

prepared by a single blow or linear ( -
lowed by the faceted ones. The angles are almost 

-

Fig. 5. -
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here as well (
those with entirely or partially preserved cortex 

double- platform cores and tablets are represented 

between 25 to 35mm (

between 15 to 25mm and 25 to 35mm are present 

to 10mm.

entirely or partially preserved natural surfaces 
and those without it are represented in a similar 
number.

-
ral surfaces and probably relating to the stage of 

fabricates to retouched forms.

semi-fabricates in the group is fragmented. There 
-

ments. Only 18 of all are whole. 79 blades bear 

of them has been refracted from the ventral sur-
face. Metrical parameters for length are mostly be-
tween 45–55mm (

Most of the artefacts have their side edges 
straight. Twice as few are the divergent ones and 
three times the blades with convergent edges. 
There are only a few irregular ones . The trape-

-

appear seldom. Most of the semi-fabricates have 
straight profiles. Other variants are significant-

fragments and whole blades has been analysed. 

( -
sented in similar number. The angles at the butts 

The blades in the group were obtained mostly 
from single-platform cores in advanced phase of 
exploitation well illustrated also by the data on the 
negatives of their dorsal surfaces (  as the 
techniques of a soft hammer-stone and mediator 
were mainly employed.

Length in mm Width in mm Thickness in mm 

Class n % Class n % Class n % 

15–25 30 15–25 80 1–5 35 

25–35 67 25–35 85 5–10 123 

35–45 18 35–45 15 10–15 22 

45–55 7 45–55 - - 15–20 - - 

122 100 180 100 180 100 

Table 9. 

Length in mm Width in mm Thickness in mm 

Class n % Class n % Class n % 

25–35 4 2 77 

35–45 4 10–20 109 5–10 119 

45–55 10 20–30 84 3 

55–65 - - 30–40 4 - - - 

18 100 199 100 199 100 

Table 10. 
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pieces appear seldom. Similar to the previous col-

without exception from single-platform cores in an 
advanced phase of exploitation. The difference lies 
in the fact that often the side edges of the bladelets 

material displaying attempts to employment it as 
a hammer-stone.

Undeterminable fragments: 65 pieces.

Retouched Tools

-
vail as those on blades or fragments of them ap-
pear significantly more rarely (

only the front was processed (

with semi-steep retouch on one or both their side 
edges of the dorsal surface are present in single 
pieces (
end-scrapers are rare as well (
ones with oblique fronts (
with straight fronts appear seldom ( -
cluding those with processed edges of the dorsal 
surface.

Combined tools: three pieces. Similar to the 
-

tains artefacts combining the characteristics of 
end-scrapers and splintered pieces (

Perforators: eleven pieces. Almost all of the 

match the longitudinal axis of the semi- fabricates 
(  The retouches are steep to semi-steep.

one-lateral steep retouch on the dorsal surface 
shaping a straight edge.

Truncated tools: 13 pieces. Tools made on 
-

ber. The pieces with an oblique transverse trun-
cation prevail (

the side edges with a semi-steep retouch also is to 
be observed ( -
tion are less frequent (

retouch along the edge ( -
facts have one or both of their edges of the dorsal 
surfaces processed (
edges on the ventral surfaces (
as a combination of one-lateral retouch on both 

less.

notch on the ventral surface shaped by semi-steep 
retouch (

as the bi-polar ones dominate and here are only 
few one-polar examples. The secondary process-
ing covers mostly the dorsal or both surfaces of 
the semi-fabricates (

-
sentatives of the group were processed by semi-
steep retouch almost without exception applied 
one-laterally to the dorsal surfaces (

-
tefacts with one of their side edges of the ventral 

applied one-laterally in the distal part of the dorsal 
surface (

Undeterminable fragments of retouched tools: 
67 pieces.

Late Chalcolithic

-
-

tached from single-platform cores in an advanced 
phase of exploitation. The length and width of all 

-
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Fig. 6. 
-
 

-
 

single- platform cores in an advanced phase of ex-

traces of use.
Undeterminable fragments: one piece.

Retouched Shapes

blades and fragments of blades prevail. Most of 
the fronts are arched (

(  

front and bi-lateral retouch on the dorsal surface 

(
an oblique front and bi-lateral retouch on the dor-
sal surface ( -
resentatives. There are two double end- scrapers 
as well. One of them bears two straight fronts 
(
oblique and arched front (
bilateral retouch was applied to the dorsal surface 
of both artefacts.

(

steep to semi-steep retouch on the dorsal surface 
(
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Truncations: one piece. A distal fragment of a 
blade with oblique truncation.

retouch applied bi-laterally to the dorsal surfaces 
( -
systematic retouch (

alternated semi-steep retouch.
Undeterminable fragments of retouched tools: 

17 pieces. 

Early Bronze Age

Truncations: three pieces. The blades have straight 
truncations. One of them has only the edge oppo-

-
sal surface. The third representative in the group 
is a blade with straight truncation and alternated 

we can observe clearly distinguishable polish as a 

one-lateral semi-steep retouch on the dorsal and 

The second artefact displays one-lateral semi-

( -

the dorsal surface.

Fig. 7. 

Chalcolithic.
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Fig. 8. 
 

 

Raw Materials

in the collection. On the grounds of the mineral 

be related to the regional pebble formations in 
general. Considering the traces observed on natu-

from secondary deposits in the region of the stony 
beaches in the vicinity of the site and they have 
been the subject of gathering. There is also quartz 

tiny inclusions and spots (

chalcedony veins and micro-fissures are to be 
observed.

to beige inclusions and spots ( -
ly transparent fracture with good technological 

-
-

tions and veins.

tinge. White inclusions and spots unevenly distrib-

-
ing smooth surface to be observed as well as a 
thin white smooth cortex and good technological 
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-
dom to detect.

tinge (
an opaque smooth to slightly rough fracture and 

-
fractions or initial shapes.

whitish spots and tiny to medium quartz grains. 
-

nological qualities.

-
ities. With rare chalcedony inclusions.

technological qualities.
-
-

ly rough opaque fracture. Thin brown weathering 
cortex and rare quartz formations of irregular 
shape. Medium technological potential.

parts display varying degrees of transparency. The 
fracture is smooth and matt. The inclusions are of 

technological qualities.

-
ture. The sample is characterised as a coating 

highly transparent smooth surface with oily shine 
and rare whitish inclusions of irregular shape. 

-

chalcedony.

thin yellowish weathering cortex to be observed. 

chalcedony mass.
-

ing of iron oxide. Crystal walls preserved. Whitish 

rough and shiny fracture.
Artefacts made of variety F4 dominate in the 

-

raw material F6. Well represented are also the ar-
tefacts of variety F1. The rest of the raw materials 
have been employed more rarely. The variety F1 

-
ployed in similar amounts. The prevailing number 
of blades was made of varieties F6 and 1. For the 

Varieties F1 and F6 (
group of raw materials from the early Chalcolithic. 
The artefacts made of raw material F4 are signif-

Fig. 9.
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mentioned above were used almost equally for the 

of variety F1.
-

lithic were made of variety F4 (
of the representatives of blades and retouched 
tools of type F1. We have to note also the reduction 
of the variety of raw materials in the assemblage.

-

F5 and F7 are represented by one artefact each.
The group of retouched tools dominates in 

above. The high percentage of some elements of 

15mm and chips. The technological chain was ori-
ented mainly to the exploitation of single-platform 
cores shaped from concretions 150mm in diame-

size. The metric parameters of the natural forms 

and the cores in the collection do not allow the 
production of series of semi-fabricates of a more 

and partly the techniques employed – mediator 
or pressure – largely predetermine the character-
istics of the semi-fabricates and hence the rest of 

-
-

tempts to exploitation or processing (
bear traces of intensive smoothing as a result of 
transport on water or a long stay in an aquatic en-
vironment. Considering the traces observed on the 
natural forms and also the similar features found 
on the prevailing share of raw materials types 
we can assume that probably they come from the 
stony beaches in the vicinity of the site and most 
of them have been the subject of gathering.

Within the typological structure of the as-

The presence of undeterminable fragments of 

Raw material No. Cores Flakes 
Blades 

and 
 bladelets

Retouched 
tools Others Undeter-

minable %

10 175 205 209 2 4 605 

1 119 38 35 - 3 196 

1 115 86 45 1 12 260 

6 458 96 130 - 39 729 

2 164 47 85 - 6 304 

7 266 216 176 - 41 706 

1 31 29 15 - 1 77 

2 62 53 24 - 9 150 

- 18 7 4 - 2 31 

- 7 - 7 - - 14 

- 6 1 1 - 4 12 

- - - - 2 - 2 

- - - - 2 - 2 

Undetermin. 1 - - 29 - 144 174 

31 1421 778 760 7 265 3262 100 

Table 11.  Quantitative distribution of raw materials varieties in technological groups in the chipped stone as-
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terms. All the rest of the types are less represent-

the segments compose the third group presented 
-
-

presence of microliths appears to be one of the 
characteristics of the collection. Until recently the 
discovery of similar types in assemblages from the 

-
ing Palaeolithic or Mesolithic techniques and tech-

-

coming from new as well as from some earlier ter-
rain archaeological research in various regions in 

treatment can be observed.
The prevailing share of the elements in the 

assemblage has been registered within pits. The 

amount of artefacts discovered outside them is 
minor. The high degree of fragmentation even in 

-

chips can be interpreted as indication that in the 
pits the waste from the production process and ar-
tefacts were thrown away due to damage or fail-

exclude the possibility that some of the artefacts to 
have been intentionally fragmented and subjected 
to a thermal impact prior to disposal. The high de-
gree of fragmentation and the numerous burnt un-
determinable fragments support this hypothesis.

features of the material here discussed are similar 

-
-

Raw material No. Cores Flakes 
Blades 

and 
 bladelets 

Retouched 
tools Others Undeter-

minable % 

4 104 101 71 1 9 290 

- 20 11 7 - - 38 

1 12 17 13 - 3 46 

3 91 23 11 - 3 131 

1 43 27 22 - 3 96 

4 89 73 41 - 5 212 

- 12 4 14 - - 30 

- 6 9 6 - - 21 

- 2 - 2 - - 4 

- 1 1 2 - - 4 

- - - 2 - - 2 

Undetermin. - - - 17 - 42 59 

13 380 266 208 1 65 933 100 

933

Table 12.  Quantitative distribution of raw materials in technological groups in the chipped stone assemblage 
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characteristics are interpreted as materials with 
-

academic literature suggest that contours are out-

-
ographical spread and chronological position.

rather similar to the one from the previous age. 

of the groups are sporadic. Some of the major fea-
tures and metric parameters of most of the debit-
age are analogical to the previous collection (ta-

in the group of the blades ( -
touched tools made of them. We can observe a re-
duction of the typological ( -
al diversity (

Chalcolithic and their raw material base subjected 

-

Raw material No. Flakes Blades and 
bladelets 

Retouched 
tools Others % 

- 5 13 - 18 

- - 2 - 2 

- - 1 - 1 

13 - - - 13 

- 1 2 - 3 

- - 1 - 1 

- - - 1 1 

- - 1 - 1 

Undetermin. - - 17 - 17 

13 6 37 1 57 100 

Table 13.  Quantitative distribution of raw materials in technological groups in the chipped stone assemblage 

-

gnostic forms are missing.
With the gradual enrichment of the evidence 

base concerning the prehistoric chipped stone as-

-

yet enough data to carry out correct comparative 
-

implements in particular.

Radka Zlateva-Uzunova
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Introduction

number of green and brown metal-rich mineral 
fragments scattered across the site and in layers 

-

Chalcolithic Pit 28 also yielded a large number of 
-

cal activity being conducted on the site. This chap-
ter reports the results of the analytical study of 
this material and offers a tentative reconstruction 
of the metallurgy and the provenance of the ore 
fragments.

The Material

Ore Finds

Fragments of copper- and iron-rich mineral aggre-
-

ence they are here collectively referred to as ore. 
-

ing pieces deemed not good enough for further 
processing. The analysed fragments were select-

with green ores tending to be of smaller size than 
brown ores. The total amount of this material is 

Twelve samples were selected in order to  cover 
the range of features and appearance (brown to 

.
are directly associated with the slagged ceramic 

ACH 117 and 166. Three more samples are from 

-

-

and their suspected relation to the slagged ceram-

refers only to material from which metal can be 
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minerals that were collected for non-metallurgical 
purposes such as use as pigment or for the produc-
tion of beads and other jewellery. This distinction 
is particularly relevant for those fragments which 

-

-
out implying that in every case they were brought 
to the site with the intention to be smelted to ex-
tract metal.

Slagged ceramic

nd half 
of the 5th -

this site where such material had been found. Quite 
-

inantly found on the concave side of the sherds. 
-

a single purpose-made crucible were found.

Fig. 1.
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Fourteen pieces were selected for their well- 
developed slag content and are as such represent-
ing the more heavily slagged fraction of the entire 
assemblage (
of appearance spanning from slag layers in a clear 

A few of these had been analysed previously in a 

that the slag formed during smelting of a copper 

sulphidic ore. One of the samples contained elevat-

several weight percent in the magnetite crystals 
within the slag.

Only three metal objects were found at the 

-

Question and Context

The metallurgical assemblage described above 

characterise this very early metallurgy as much 
as possible. Key questions to be addressed include 
whether the green and brown mineral lumps can 

-

Fig. 2.

Fig. 3. Metal 
fragment from 

mounted for 
microscopic in-
vestigation. Di-

is 3cm.
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for the regular smelting of copper metal as indi-

reasonable doubt and how much we can say about 

-

-

-
ples and present the results of optical microscopy 

-
ise the composition of the ceramic in order to test 

-
cess has affected it. This then is complemented by 

-
er exploration of resource exploitation in eastern 

The selected pieces were first cut to expose 
their inner structure as well as any outer layers of 

cold-setting resin with 3cm diameter and pre-
-

-

discs were carbon-coated in preparation for Scan-

ore samples were also analysed by neutron acti-
-

trations and by mass spectrometry for lead isotope 

1

1 Since the microscopic and the chemical analyses were 
-

the same material was analysed even where they share the 
same sample number.

Results

The Ore

a continuum of originally sulphidic ore which 
is now almost completely weathered. They are 

green malachite or brown goethite or other iron 

textures and some physical remains of the origi-

of gangue minerals such as haematite and quartz. 
The range of samples spans from pure green frag-

-
ate mixtures in between (see 
have a green outer crust which formed only after 

-

original appearance of these pieces at the time of 

A few fragments have substantial amounts 
of chalcopyrite preserved (fig.
that they have been buried in an aggressive envi-

the question whether these were even more solid 

and have only since then weathered to the extent 
-

them ( .  showing how the green ore formed 
veins or crusts of almost pure malachite directly 
attached to the brown ore (
green and brown secondary minerals are tight-
ly intergrown in the same piece (
possible to say whether the completely weath-
ered brown ore fragments were originally pyrite 

originally dominating pyritic composition. Some 
of the green ore fragments have large amounts of 

.
malachite rind strongly indicates that this miner-
al only formed after the original sulphide-rich ore 
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discarded and buried in the soil.

residual pyrite which showed consistently about 
-

0.38% respectively.
While the overall mineralogy of the ore ap-

the main metals and either sulphur or hydroxide 
-

of native gold with about 10wt% silver and 1wt% 

have made this impossible to recover mechanical-

fragments indicates that the overall gold content 
of the ore would not have been noticeable to the 

-

that the average gold concentration in ore samples 

which is high according to modern standards but 

Fig. 4e. -
-

Fig. 4a. - Fig. 4b. 

Fig. 4c. Pure malachite with typical texture of 
sub-parallel needles in concentric layers. Sample 

Fig. 4d. Intergrowth of green malachite with brown 
-

nal chalcopyrite and pyrite crystals in the ore. Sample 
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Fig. 7. 

inside.

certainly not detectable for chalcolithic miners and 
smelters.

particles (SnO2

would not have had any impact on the composi-
tion of the smelted metal. The same sample also 

-
orocarbonate with about 25wt% each of cerium 

Slagged Ceramic

The main metallurgical finds from the excava-

of ceramic from Pit 28 with various stages of heat 

slagged pottery fragments are otherwise normal 
ceramic matching the range of fabrics and shapes 

-
-
-

and slagging ( . -
tions demonstrate that these are not normal cru-

pottery were re-used in a metallurgical context. In 

ranging in appearance from ceramic sherds with 
an adhering slag layer clearly separated from the 
ceramic itself ( .

. -
tallic copper ( .

Fig. 5.  Fragments of a large ceramic vessel from 
-

same sherds.

Fig. 6.  Cross sections through slagged ceramic frag-
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no discernible ceramic surviving apart from ir-

-
.

-

not show evidence for organic temper as is often 

The ceramic consists of a relatively large pro-
-

-
-

fully bloated stage at the slag contact ( .
composition of the ceramic is 15 to 20wt% Al2O3

2O and K2

ca. 5 to 7wt% FeO (

Fig. 8. 
through a slagged 

with copper-rich slag 
layer at the top (light 
grey with bright inclu-

towards the bottom. 

and quartz inclusions 
in the ceramic body. 

-

 images.

Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 FeO CuO 

2.5 1.6 20.0 60.5 0.2 4.9 1.6 0.6 6.5 1.7 

2.6 1.7 19.7 61.3 0.2 4.3 1.6 0.6 7.1 0.8 

2.5 1.7 19.4 63.0 0.2 3.7 2.0 0.7 6.1 0.3 

2.4 1.4 19.7 61.4 0.2 5.2 1.5 0.7 7.0 0.5 

3.3 2.1 19.7 60.6 0.3 6.1 1.7 0.5 5.6 0.2 

1.0 3.0 6.9 41.2 2.7 2.4 8.6 0.3 15.4 18.4 

Transition ceramic slag 1.4 1.1 13.4 69.6 0.6 2.8 2.3 0.8 6.1 1.8 

2.9 1.3 18.8 62.6 0.2 4.2 2.5 1.0 6.2 0.1 

2.2 1.4 16.7 65.6 0.2 5.1 2.0 0.7 5.9 0.0 

2.4 1.5 16.6 65.3 0.3 4.8 2.1 0.8 6.1 0.1 

2.2 1.9 16.6 63.3 0.4 5.4 4.0 0.7 5.3 0.1 

1.9 1.6 16.8 65.5 0.3 4.7 1.5 0.9 7.0 0.0 

1.4 1.8 15.9 65.8 0.5 3.7 1.8 0.9 8.3 0.0 

Table 1. 

a slightly higher iron oxide content it has the same composition and fabric as the 
other pottery.
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Fig. 9b.  Crystals of delafossite (elongated particles Fig. 9a. 

The Slag

Initial results had already shown the slag to con-
sist of fayalite and magnetite with inclusions 
of matte and copper metal in a glassy to micro- 

-
tigation of a wider range of samples now high-
lighted the high degree of variability of composi-
tion and conditions of formation both within and 

-

no copper oxide phases but widespread inclusions 

of copper metal prills and newly-formed magnet-
ite clusters (fig. -

well as magnetite ( . 

with large olivine crystals and magnetite. A few 
 selected samples are presented below in more de-

-
ite and magnetite (

-

slag formed under strongly reducing conditions. 
There are numerous copper metal prills ranging in 
diameter from millimetre size to sub-microscopic. 

are present but rare. The strongly reducing condi-

copper oxide and the formation of nano-sized cop-
per metal prills in the melt. ACH 126 is similar. All 
three samples show frequent particles of residual 
quartz in the glassy slag matrix.

Fig. 10. -

-

Fig. 11. 
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-
dominantly glassy slag matrix with relatively large 

-

-
-

green shade (
same phase due to different crystal grain sizes is 

even though the orange colour of cuprite has been 
regularly produced in 1st

replacing delafossite while maintaining the orig-
inal shape of the oxide mineral (
quartz particles are relatively frequently seen in 
these samples.

ACH 123 is an example of a ceramic sherd 
with slag adhering which contains large fayal-
ite and magnetite crystals and copper- and cop-
per-iron sulphide inclusions as well as copper 

in their shape (

they contain around 4 to 7wt% MgO and 60 to 

than 1wt% each phosphate and lime (table 

for their content of 14 to 18wt% MoO3

TiO2 and around half of one percent V2O5 (table 

less FeO and more SiO2 as well as more copper. 
In line with the presence of copper-iron and pure 
copper sulphide there is no primary cuprite in this 

Na2O MgO Al2O3 SiO2 P2O5 SO3 K2O CaO TiO2 MnO FeO CoO CuO MoO3 

ACH 123 
0.7 1.6 5.2 35.2 1.8 0.8 1.6 5.5 nd nd 46.5 nd 0.3 0.9 

0.4 2.3 3.2 32.3 1.6 0.7 1.6 4.2 nd nd 51.6 nd 1.0 1.3 

0.5 1.8 3.4 32.8 1.8 0.5 1.6 5.0 nd nd 50.7 nd 0.5 1.3 

ACH 123 
0.9 2.8 6.3 48.7 3.3 0.1 3.9 8.7 0.5 nd 16.6 nd 8.4 nd 

1.1 2.2 8.4 46.9 3.1 0.2 4.3 7.0 0.3 nd 14.7 nd 11.9 nd 

1.1 2.6 6.4 45.3 3.8 0.1 3.8 8.7 0.4 nd 18.1 nd 9.7 nd 

ACH 118 0.7 3.7 8.7 45.5 2.1 nd 2.4 4.8 nd 0.4 22.7 2.7 6.4 nd 

ACH 574 
1.7 2.8 13.3 53.4 0.8 0.1 4.3 7.9 0.6 0.2 4.2 0.3 9.8 nd 

1.2 2.3 10.9 45.2 1.1 0.1 2.1 3.7 0.8 0.4 5.2 0.1 27.0 nd 

Table 2. 
of material exposed in the section. All data calculated using oxygen by stoichiometry and re-cast to 100wt% to 

Fig. 12. 

-
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MgO SiO2 P2O5 CaO FeO 

ACH 123 

5.1 31.7 0.8 0.6 61.8 

3.9 31.5 0.5 0.7 63.4 

7.2 32.8 0.1 0.7 59.2 

5.6 32.2 0.4 0.8 60.9 

ACH 118 

7.8 32.9 1.0 0.1 58.3 

6.7 32.9 0.7 0.2 59.5 

5.7 32.3 0.5 0.3 61.2 

10.4 32.4 nd nd 57.2 

MgO Al2O3 SiO2 TiO2 V2O5 MnO FeO CoO CuO MoO3 

ACH 123 

0.0 4.2 0.5 2.2 0.6 0.0 75.3 nd nd 17.3 

0.0 3.9 0.3 2.7 0.6 0.0 74.5 nd nd 18.0 

0.0 4.1 0.6 2.3 0.7 0.0 74.5 nd 0.4 17.5 

0.1 4.2 0.6 2.2 0.6 0.1 78.3 nd nd 13.9 

0.3 4.2 0.4 2.1 0.4 0.1 78.7 nd nd 13.8 

0.1 4.0 0.6 1.9 0.7 0.2 77.2 nd 0.2 15.1 

ACH 118 

0.7 10.9 0.7 1.4 0.9 nd 84.5 0.6 0.3 0.2 

0.3 11.2 1.0 1.2 0.5 nd 85.1 0.9 nd nd 

1.1 20.5 0.8 0.8 1.0 0.2 74.5 0.8 0.1 0.4 

0.5 4.7 1.1 0.2 0.1 nd 91.3 1.1 0.3 0.9 

2.5 2.0 1.3 0.3 nd 0.4 85.4 6.6 1.5 nd 

3.0 8.7 1.8 0.3 0.1 0.5 76.1 8.3 1.0 0.2 

Table 4.
-

Table 3. -
ferent fayalite crystals in samples ACH 123 and 

levels of magnesium. All data calculated using 
oxygen by stoichiometry and re-cast to 100wt% 

sample. Samples ACH 14a and ACH 118 have a sim-

half of one percent in several of the copper metal 
-

to 20wt% Al2O3 (table 
very heterogeneous nature of the slag in this sam-

it is rather thin and has neither elevated iron ox-
-

ilar to the composition of the ceramic (see table 
in that it has more than 10wt% Al2O3 and only 

in the proper slag. We therefore interpret this as 
-

as indicated by the much higher lime content com-
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slag from a smelting process (
body of this vessel is made from the same fabric 

-

quartz (
samples.

This small bead 

diameter of about 5mm. It appears to have been 

(

thin layer of pure copper phosphate (green-blue 

2O5

probably outlining the original surface of the met-
-

2

ca. 0.5wt% CaO. The mineral chrysocolla has ca. 
40wt% SiO2 2O as well as 

Fig. 13b.  Cross section through the outer surface 

-

Fig. 13a. Cross section through the inner surface of 

-

Fig. 14.  Cross section through heavily corroded metal 
bead. The different colours of the various corrosion 
products preserve the original texture of a folded 

-
al micrographs.
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Interpretation

The results from the investigation of the ore frag-
ments and the slagged ceramic can now be used to 
explore the main questions set out above:

as evidence for the regular smelting of copper 

whether the green and brown mineral lumps 

one production sequence beyond reasonable 

how much we can say about details of this un-

how this fits into the wider picture of the 

beyond.

(1) Smelting Slags?

The composition of the slag is fully consistent with 

-

from the simple re-melting of existing metal. Key 
evidence for this is the very high iron oxide con-

some samples and forming numerous clusters of 
magnetite and fayalite. Compared to the underly-

very strong indication that the material processed 
here was rich in iron oxide which then contribut-

of copper-iron and copper sulphides in numerous 

the progressive oxidation of the iron from the sul-

-

-

-
-

bly originate from the re-melting of iron-rich raw 

elements such as cobalt or molybdenum which are 

to the processing of complex ores rather than the 

-
blage is the chemical and mineralogical hetero-
geneity of the different slag fragments. Some are 

-

-

from hercynitic with a little titania to cobaltifer-

varies from strongly reducing to relatively oxidis-
-

tion of a glassy slag with small and predominant-

interpret this heterogeneity as indicating the pres-
ence in this assemblage of remains of multiple 

-
ferent compositions and under different smelting 

micro-heterogeneity seen within individual frag-
ments up to the differences seen among different 

conditions across an early smelting installation. 
Without a clearer separation of the slagged ceram-
ic fragments into separate contexts it is not possi-
ble to conclusively argue for one or the other of 

probable that these sherds were accumulated over 

(2) Ore or Green Stones?

The ore fragments can be shown to form part of 
a continuum ranging from partly weathered chal-
copyrite and pyrite with quartz to almost pure 
aggregates of malachite. The presence of numer-
ous intermediate stages in the transformation of 
primary sulphidic ore to the colourful green and 
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brown secondary minerals indicates that the pure 
green fragments are just the extreme end of this 
continuum. It is clear that these fragments were 
brought to the site by the Chalcolithic inhabitants 

-
ences in particle size (larger for brown ore than 

that are deemed not suitable for the intended pur-
pose. There is no evidence for the production of 

-
tablished that the slagged ceramic fragments are 
from the smelting of copper metal. It is therefore 
reasonable to assume that the green mineral was 

rightly deserves to be called ore. The prevalence 
of brown fragments among the excavated mate-

rich material would have been recognised as not 
being suitable for copper smelting and hence 

-

counter- intuitive among this discarded material 
if the main purpose of the operation was to pro-

only due to the weathering of the material during 
-

the Chalcolithic craftsmen as unsuitable for smelt-
ing in the context of a smelting technology focused 

as malachite. A similar situation has been ob-

-

of copper- rich matte formed between the copper 
metal and the slag and were discarded as unsuita-

-

-
ed and removed any sulphide minerals as much 
as possible from the batch. With the exception of 

probably be considered waste or tailings rather 
-

assemblage towards the latter.
A remaining conundrum is the frequent occur-

-

-

(3) Linking Slag, Ore Tailings, and Medni Rid

The analyses of the ore tailings have shown them 
to be dominated by just a few non-volatile ele-

-
sionally minor amounts of cobalt and traces of 
molybdenum. The composition of the slag match-

-

of molybdenum oxide in freshly-formed magnet-

as gangue quartz and some haematite clusters all 
indicate that the ore and the slag are consistent 
with each other – this type of ore upon smelting 

the small quantities of slag indicate that the smelt-
ed batches of ore would have been much richer in 
copper than the ore fragments found in the exca-
vation. It is reasonable to assume that the actual-
ly smelted ore was much richer in pure malachite 

-
-

resents the lower end of the spectrum of mineral 
assemblages brought to the site: the ore tailings 
rather than the ore proper.
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continuum of material consistent with gossan for-
mation from some primary ore body rich in chal-

to the copper-rich mountain ridge visible from 

obtained.
Although both trace element patterns and 

lead isotope ratios exhibit large variations in the 
ore and slag samples (table -

due to relatively high uranium concentrations in 

suite of sample analyses is available as in this case 
(

Molybdenum was not included in the neu-

element for relating copper metal to copper ore 
deposits. It is a so-called lithophile element that 
partitions preferentially into the slag on copper 

-

-

provenance analysis of copper ores from archae-
ological sites.

(4) The Smelting Technology

The samples analysed provide a picture of an op-
eration based on batches of ore which contained 

majority of sherds from Pit 28 show a sustained 
heat impact but only very limited and localised 

fully vitrified and bloated side to a far less af-

-
tion and contamination of its inside with copper 

-
ic sherds therefore cannot have been crucibles in 
the classical sense of ceramic vessels used to con-

-

-
tions are all consistent with very early small-scale 
metallurgy where the temperature of the pro-
cess and the quantity of slag present are not suf-

case in  later slag-forming metallurgy. Similar ob-
servations have been made from crucible-bound 

Lab no. Orig. ID Material Context 
208Pb/ 
206Pb 

207Pb/ 
206Pb 

206Pb/ 
204Pb 

207Pb/ 
204Pb 

208Pb/ 
204Pb 

Akladi Cheiri 

MA-151990 ACH 574.5 Copper globule 
from crucible Pit 28 2.0541 0.83184 18.814 15.650 38.647 

MA-171051 ACH 118 Slag on pottery Pit 28 2.0326 0.82476 18.955 15.633 38.527 

MA-171054 ACH 126 Slag on pottery Pit 28 2.0450 0.82926 18.852 15.633 38.551 

MA-171056 ACH 178 Slag on pottery Pit 28 2.0604 0.83429 18.757 15.649 38.646 

MA-171056 ACH 179 Slag on pottery Pit 28 2.0656 0.83695 18.682 15.636 38.590 

Sozopol 

MA-171049 Sample 1 Copper on 
pottery 2.0753 0.83859 18.662 15.650 38.729 

Table 5.
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Fig. 15a. 
ratios in different materi-

compared with copper 

Some of the copper ore 

Cheiri contain radiogenic 
lead that plots along the 
same trend as the copper 

region. Since such radio-
genic lead is due to urani-
um heterogeneously dis-
tributed in the ore body 

the smaller range of lead 
isotope ratios in slag sam-
ples suggest that smelting 
resulted in a homogenisa-
tion of different ore sam-
ples.

Fig. 15b.  Detail of 
Fig. 15a that shows that 
the local ceramic materi-
al has a somewhat differ-
ent lead isotope signature 
in that it contains more 
thorogenic lead which is 
geochemically consist-

lower in copper ores im-
pregnated with uranium. 
It also shows that the lead 
isotope ratios in the slag 
samples are not affected 
by admixture of ceramic 
materials indicating min-
imal interaction of slag 
with the ceramics. The 
copper prill from the cru-
cible ACH 574 matches 
the ore and slag samples 

the crucible was used to 
melt copper produced on 
the site.
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-

-
cible was found with an adhering globule of cop-
per which was undoubtedly melted. Its chemical 
composition and trace element pattern is entirely 

-

-
pact of heat and slagging on some fragments but 

-

when they became part of the metallurgical pro-
cess. One possible interpretation for this would 
be a ceramic-lined smelting pit in which a batch 
of malachite was smelted so that hardly any slag 

in some  areas of the smelting batch where the 

small amounts which we now see attached to the 
sherds. 

Such an installation has not been found in the 

soil which would not preserve traces of heating. 
The purpose of the ceramic lining could have 

-

-

of the thermal energy released by the fuel in the 
hearth would have been directed towards driving 

that the air stream provided by blow pipes is moist 

severely limiting the amount of useful energy that 

loss is therefore of prime importance for the very 

ceramic sherds to line and insulate the smelting 
hearth would have helped towards this goal. Such 

Fig. 15c.  Alternative 
presentation of the lead 
isotope ratios of materials 

in this diagram only 
uranogenic lead is plot-

difference between the 
ceramic materials and 
the copper-containing 
ones. The small spread of 
lead isotope ratios in the 
slag samples compared 
to the wider spread in 
the ores again suggests 
that many small pieces of 
copper ore were smelted 
together and thus homog-
enised the lead isotope 
composition.
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-

which would have potentially trapped some of 
the smelted copper prills and reduced the overall 
yield of the smelt.

(5) Contextualising Akladi Cheiri

number of case studies have been published pre-
senting various scenarios of incipient metallurgy. 

but also residual sulphides and slag-forming mate-

leading to the formation of delafossite-cuprite slag 
visually very similar to the oxidic slag seen here. 

-

secondarily slagged ceramic sherds could point to 
a similar arrangement of a ceramic-lined smelting 

-
ture are also very variable in their mineralogy and 

-
tion of a gossan-type ore deposit.

-

Chalcolithic site in north-central Anatolia (Schach-

-
tailed and comprehensive study of this association 

remains that these hearths were used for some py-

smelting hearths as precursors to the smelting pit 

-
posed metallurgical technology here is consistent 

with contemporary technologies in use in the wid-

level of preservation and richness of material to 
study.

Discussion

The reconstruction and contextualisation of the 
-

and mastery at this early stage of an emerging 
craft. The very small quantities of slag present in 
the assemblage are testament to the richness of 

-
ation process. This was not a crude and haphazard 

landscape and on a par with established practice 
elsewhere. Despite the good preservation of the 
material and the well documented and controlled 

remain. The wide distribution of both green and 
-

period from this region. This material is clearly 

has been brought to the site and carefully pro-
cessed with just the brown and dirty green mate-
rial entering the archaeological layers. Since this 
material does not appear to have had any use in 

or discarded material from the extraction of pure 
malachite. An alternative use of green copper min-
erals prior to their use as a copper ore could have 
been to produce either pigment or beads and oth-
er jewellery. The use of green stones for such pur-

-
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evolved from the processing of green minerals ex-
tracted originally for jewellery and other purposes 

While there is at present no precursor native 

it is obvious that it was only the beginning of a 
metallurgical tradition spanning many millennia. 

and the study of the metallurgy of the region is 
only in its infancy. Two recent papers focussing on 

copper slags tentatively dated to the 6th

4th

and mineralogy similar to some of the slags seen in 

presence of relatively high concentrations of lan-

concentrations not only bring to mind the identi-

-

Conclusions

a metal bead have provided the basis for the re-
construction of an established and well-conduct-

-

unsuitable for smelting discarded. These tailings 

excavated in Pit 28 to a smelting operation based 
-

most pure malachite with only minor amounts of 
slag-forming gangue and associated ore minerals. 

-

even though there is no indication for any metal-

patterns. The presence of iron at low percentage 
level in some of the copper prills indicates strong-

and delafossite points at much more oxidising con-
ditions. The presence of relatively high amounts 

presence of copper-iron sulphides in many of the 

-
ing in excess of 60wt% copper were still discarded 

sulphidic ores was not yet mastered.

ceramic- lined pit was used as smelting device. The 

given the amounts of sherds and ore tailings exca-
-

rial contributes fascinating details of the emerging 
-
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Nikolai Spassov and Nikolai Iliev

Analyses of Bone Remains from Wild and 

Domestic Animals from the Prehistoric Site 

Akladi Cheiri, Chernomorets

Late Neolithic, Chalcolithic and Early Bronze Ages

Late Neolithic

Characteristics of the Bone Sample:  

Traces of Human Activities

This study is based on a sample of 1437 bone frag-
ments presented for processing in 2009. From all 

to the species level.
Predominant in the material of domestic and 

humeri
costae metacarpals tibiae metatarsals

vertebrae. 

resisting to destruction in taphonomic context. 

The remains have the features of so-called 
-

tion of the bones in order to be suitable for con-
-

that the bone remains of cattle are cut into larg-

of the smaller ruminants and domestic pigs are 

highly fragmented and shredded and to a lesser 

pieces together with the bones have been used for 

cutting the slaughtered animals the longitudinal 
method of the dismemberment of the corpse has 

-
-

traction of medulla: a practice common in prehis-
toric times and recorded on numerous occasions 
from prehistoric bone samples that we have ana-

found: a chisel made of the distal end of a tibia and 
an awl of sheep metapodial tibia with 
an opening at the distal end (a stage of the tradi-

which according to our previous studies used to 

The Ratio of Wild Animals to Domestic Ani-

mals and the Role of Husbandry and Hunting

-
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recorded as well.

-

The calculated number of individuals of wild 

calculations indicate the presence of a total of 50 
individuals of wild animals – from which 25 are 
mammals – which represents more than 50% of 
the number of specimens of domestic animals (83 

should not compare mechanically the number of 
the calculated individuals for species recorded by 
single bone fragments only with the species docu-

That is why the comparison between domestic 
and wild mammals in this investigation is based 
mostly on the number of bones rather than on the 
number of individuals.

Domestic Mammals 

Cattle dominate among domestic animals. This is 
clear when comparing the number of bones and 
not so obvious when comparing the number of 

ruminants into three groups (
inevitable impossibility to identify every bone to 

-
viduals of the ovicaprins (we should consider the 
fact that this regards the minimum or at least the 
approximate number and not the absolute number 

-
tle bones indicates a well-developed (as compared 

This characteristic is similar to the features of the 

the height of cattle is calculated using the com-

phalanges
astragali and calcanei

explained by the presence of primigenius and 
 brachicerous in height individuals (according to 

as well as of intermediate between them individ-

size types are found in a ratio of: 10.81:59.46:29.7.
-
-

is generally similar to the one of other specimens 

sign of an initial stage of breeding activities which 

Domestic mammals

Cattle Sheep/Goat Sheep Goat Ovicaprins 
(a total)

Domestic 
pig Dog

bones 501 298 59 40 397 127 13 

Min. 
number of 
individuals 

31 17 7 6 30 17 4

Table 1.
the number of individuals.
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is also a proof for husbandry advanced for its 

crossbreeding with local aurochs. The recent stud-

for independent domestication events followed by 
a second wave of parallel dissemination of cattle 
herds via the Mediterranean route ( Hristov et al. 

The calculated sheep height is 59cm on aver-
-

ic sheep. The domestic pig is also very small (as 

and varies from 56 to 72cm (the height of the re-

Wild Mammals

-
ous (
the species with the maximum number of bones. 

-

of the red deer is one of the characteristic fea-

the other sites in the country. Perhaps this could 
be explained by the very high percentage of fal-
low deer and roe deer (which usually are under- 

certainty that fallow deer is an autochthonous spe-
cies which has disappeared from the country in 

Equus hydruntinus -
cator of open spaces. This species is a relict spe-

where this wild Equidae has existed at that time. 
Chernomorets is the southernmost point of distri-

-
cene. The last representatives of this species in the 

have been established in the Chalcolithic of Du-

Pit 50A

A total of 707 bone remains have been provided 

570 pieces are identifiable to species level. The 

traces of human activity. A fragment of an antler 
of roe deer appears to have been used as a tool for 
digging.

The bone fragments are generally larger (not 
crushed to such small pieces as the bone remains 

some well-preserved horn and cranial remains of 
bovids and aurochs.

Species composition and the ratio of domestic 
 

96.84% domestic to 3.165% wild animals according 
to the number of bones. The prevalence of domes-
tic animals is very strong.

Wild mammels

Fox Badger Wild 
boar Red deer Fallow 

deer Roe deer Aurochs Wild ass Hare 

bones 2 2 23 4 19 25 1 1 4 

Min. 
number of 
individuals 

2 2 3 2 5 5 1 1 2

Table 2. 
number of individuals.
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(among these bones are identified for sure re-

-
-

but according to the number of individuals most 
numerous are the small ruminants with 135 re-
mains belonging to a minimum of 20 individuals. 
Pig is surprisingly well represented with about 
70 bones which belong to a minimum of about 

bones possibly of three individuals.
-

Osteometric Characteristics of some Wild and 

Domestic Animals:  

Bull’s Horn, Core Remains (pr. cornuales)

  –
  – Small occipital height: 117mm
  – Width of foramen magnum: 40.5mm
  – Height of foramen magnum: 42.5mm
  – Circumference of left horn-core base: 2.75mm
  – Intercornual line: 172.5mm
  –
  –
  – Smallest occipital width: 132mm

The shape of the intercornual line indicates the 
features of the brachyceros primigenius cross-
breeds (according to the criteria related to the 

-

to the primigenius type.
The height of the ox at the withers is calculat-

ed after the metatarsus to 120.38cm and the meta-

Aurochs (Bos primigenius :
  – Circumference of the base: 320.5mm
  –
  – Small diameter of the base: 85mm
  –

Pit 56

Domestic Mammals

They show no differences with the previous mate-

the 

-

way these small ruminants generally begin to dom-

not change what was said above about the high 
-

Sheep have an average height of approximately 

a typical small and primitive breed is present. The 
-

-
tive breed called tsakel
molars we could conclude that sheep are slaugh-
tered mostly between two and four years of age.

-
mains is the domestic pig with 37 bones.

Wild Mammals

Wild animals represented by only single bones 
-

relatively many bones of wild birds occur: 35 re-
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The cutting of the carcass was done using the 
longitudinal method of slashing (determined in 

which is still practiced nowadays.

Chalcolithic

Characteristics of the Bone Sample: 

Traces of Human Activities

This study is based on a sample of 2531 bones pre-

-
terial consists of bones and bone fragments of do-

bivalve shells.
-

served bones in the material are rare: almost all 
bones are transversely or longitudinally crushed 
or slashed in order to be easily used for culinary 

are slashed in the sagittal plane. Charred and 

have traces of biting by dogs. These characteristics 

The most common bone remains are of mandi-
vertebrae costae humeri tibiae

metapodials tali -

be destroyed in taphonomic context. The smaller 
number of second and especially third phalanges 

The Ratio of Wild Animals to Domestic Ani-

mals and the Role of Husbandry and Hunting

Owing to the large number of remains of domestic 
-

while that of the wild animals (due to the small 

comparing bones based on the number of individ-
uals in this case is unreliable. That is why the com-
parison between domestic and wild mammals in 
this paper is based mostly on the number of bones 
rather than on the number of individuals (see 

part of the total number of remains (bone re-

and gathering represented only additional means 

Proof of this is the very rich composition of species 
of wild mammals and birds.

small number of remains and at the same time 

that hunting was not so much related to the satis-

-
tion of domestic herds and the village itself from 

Domestic Mammals

The statistic distribution of domestic animals ac-
cording to the number of remains is logical. Cattle 
( -

-
ber of individuals of small ruminants is slightly 

-
sume that the ratio of cattle and small ruminants 

-
centage of cattle remains is a sign of a developed 
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farming for its time. The third place of the pig is 
typical of most prehistoric sites (an exception is 
the bone sample from the settlement of Ovcharovo 

-

term of bone remains.
The heights of oxen at the withers and the 

presence of cattle with the height of primigenius 

brachyceros individuals (after the cri-

established from a number of bones: astragali
calcanei metapodials and phalanges. The result 
is similar to those of other prehistoric sites we 

calculated height of cattle varies widely: 106.77 to 
145.04cm and the proportion of animals with the 
height of brachyceros primigenius 

average bovid height is similar to that of recent 
crossbreeds but with a predominance of speci-
mens with higher individual size. The wide range 

sample from the site and for a number of other 

unconsolidated breed. The presence of even prim-
itive breeding activity for the consolidation of size 
could be assumed. It is not impossible (see also 

-

which might affect the increase in height.
The ratio between the number of sheep and 

-
imens is almost equal. The height of goat calculat-
ed based on separate metacarpi is estimated to be 

The height of domestic pig is calculated using 
the astragali and calcanei and is 71 to 75cm (it 

-

Age Composition of the Flocks

The large number of jaws and teeth allow calculat-
ing the age at which the animals are slaughtered 
for food. These calculations provided the following 
data: 
Ox
  –
  –
  –
  –

Ox-horn-core remains (pr. cornuales) 

88 88 56 54 55 48 

Small diameter of the base 67.5 64 44 49 39 39 

76.13 72.31 78.57 98.24 70.70 81.54 

Sex Cow Cow

Table. 3.  Osteometric characteristics of ox horn-core remains from pit 50A.

Table. 4.  Distribution of domestic mammals from the Chalcolithic sample according to the number of bones 
and the number of individuals.

Domestic mammals

Cattle Sheep/Goat Sheep Goat Swine Dog 

992 665 35 43 159 22 

Min. number of individuals 36 28 6 7 15 4–5
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  – up to six months 24%
  – from 6 months up to 2 years 8%
  – 2 to 6 years 63%
  – over 6 years 5%

Domestic Pig
  –
  –
  –
  –

Such an age composition indicates certain pref-
erences and the existence of breeding activities 
in order to obtain maximum and comprehensive 

Wild Mammals

The species composition of wild animals is 
particularly diverse (
bottlenose dolphin is not surprising since this 
species often prefers coastal waters. As in the 

presence of the autochthonous population of the 

hunted species. This suggests that the conditions 
for its existence are particularly suitable.

ass and fallow deer suggests the presence of vast 
-

wild ass Equus hydruntinus (its latest registered 

-
-

astonishing presence of this species so far south 

-
Equus germani-

cus -

Equus 
ferus

The lion (Panthera leo
the presence of a calcaneus ( calcaneus 

-
phology (undivided in two parts by a transversal 

-
rior dorsal surface of the lower bone portion and 
the rounded sustentacular facet. The calcaneus 

Wild mammals

Fox Wild 
cat Lion Wild 

boar 
Red 
deer 

Fallow 
deer 

Roe 
deer 

Aur-
ochs 

Wild 
horse 

Wild 
ass Hare 

Bottle- 
nose 

dolphin 

-
ber of 
bones 

1 2 1 8 21 55 19 5 1 1 15 1 

1 2 1 2 3 6–7 3 1 1 1 3 1

Table. 5. Distribution of wild mammals from the Chalcolithic sample according to the number of bones and 

Fig. 1. Calcaneus of a lion (Panthera leo
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Pan-
thera spelaea
contour of the lower proximal portion (under the 

lower extremity of the dorsal surface of the proxi-

rounded and not quite oblique lower surface of 
-

on the dorsal surface of tuber calcanei. The com-
parison of the calcaneus
those of recent lions and large Siberian tigers (see 

-
ic individual exceeds considerably the average 
size for the recent African population. The size 
and proportions of the bone from Chernomorets 

bone belonged to a very large adult male that ex-

adult male African lion varies as follows: the av-

17–21
surprising given the numerous ungulates and the 

indicates that the Chalcolithic period is the time of 

-

the disappearance of the so-called cave lion. This 
should have happened along two pathways of 

-

and through Transcaucasia to the north along the 
-

The remains of wild mammals from the site 

the time.

Additional Material

Analysis of supplementary additional bone mate-
rial (1251 bone remains from which 285 are uni-

level gives the following results:

Domestic Animals

A total of 434 new bovine remains are established 

bones prevails and the estimated number of in-

conclusion could be drawn that small ruminants 

remains of domestic pig and 18 of dog were iden-

Wild Animals 

including bird bones and mussel shells. Aurochs is 

-
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Early Bronze Age

Pit 23

are indeterminable.
Species composition. All bones of mammals 

the content of Pit 23 from that of Pit 50A. How-

Cattle are again represented with the most 

from three individuals (approximate number of 

one individual and dog with three bones probably 
belonging to one individual.

Some General Conclusions

-

-

than hunting as a source of nutrition. There are 
also some signs of breeding activities: in all sam-

-
-

-

selection or spontaneous crossbreeds with local 

individual age preferences for different animals 
in order to obtain maximum and comprehensive 

The remains of wild animals are few but refer 
-

mains of artiodactyls
-

nant amount of bones belonging to fallow deer 
in comparison to those of red deer is a peculiar 
feature which demonstrates the strong presence 
of fallow deer in the typical biotopes of south- 

-

 Equus 
hydruntinus. The high density of the indigenous 

-

a very high biomass productivity of the bioceno-
-

-
ed in mosaic natural landscapes of forest and open 

Nikolai Iliev

Nikolai Spassov
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Elena Marinova

Wood Constructional Elements and 

Archaeobotanical Evidence from the Late 

Neolithic to Early Chalcolithic Well of Akladi 

Cheiri, South-Eastern Bulgaria

Introduction

-
multaneous with the Karanovo IV period (5200–

-

of burnt house remains. The pits have oval or cir-
cular mouths and are up to 1.50m deep. They con-

small number of artefacts. Of special interest for 
the archaeobotanical research is the pit that dates 

-
-

other wise impossible to be detected about cultural 
and wild plant spectra from the periods of their 
use and particularly their abandonment (Kreuz 

discussed here yielded more than two hundred 

mostly part of the wooden construction as well 
as wood used for other purposes during the exis-
tence of the well. The good organic preservation 

-
ing as the majority of the wood fragments con-
tained traces of such activities. Of interest are the 

-

-
rent paper presents the botanical analysis of this 
structure which showed rather exceptional for the 
study region organic preservation. The study will 
attempt also to draw a picture on the natural and 
anthropogenic vegetation as recorded in the well 
sediments. Although comparable structures were 
found at other more or less contemporary sites in 

remains was conducted.

Materials and Methods

The excavated well had a circular mouth with a 
-

ed below the present sea level. It was excavat-
ed to a depth of 5.40m and the bottom was not 
reached (
preserved under constant presence of water (wa-

rare and untypical for the study region ( Marinova 

conditions of the cultural layers common for 

soils and therefore only plant remains in charred 

charred plant remains occur only when they get 

the waterlogged conditions allow much more 
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variable organic matter and finer plant tissues 
to remain undamaged in the corresponding sed-
iments. This means that all of the plant material 
which was imbedded in the waterlogged sediment 
of the well will be preserved and also will deliver 
much wider information on vegetation and its use 
during the period of function of the waterlogged 

Wood

For the current study a subsample of 136 water-
logged wood fragments with a size bigger than 

The wood fragments analysed were selected with 
the purpose to obtain the most representative 
picture possible on the different sizes and shape 
of wood preserved in the well. The fragments 

and tangential view were obtained and observed 

-
responding specialised literature (Schweingruber 

-
tion was used.

was selected for dendrochronological analysis.1 
In order to obtain additional age control of the 

-
ber of tree rings the inner most and outer most 
rings were sampled. The distance between the 
two samples are 60 tree rings. The samples were 
sent for radiocarbon dating to the ‘Center for Ap-

-
gia. The obtained results were calibrated with the 

Other Plant Macroremains

from the sediments of the well and processed by 
-

-
-

ence collection of modern seeds and correspond-

1 The dendrochronological analyses were performed in 
-

Fig. 1. -
lithic well during its excava-
tion.
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Results and Discussion

The wood fragments displayed generally good 
preservation. Some of them bore traces of wood-

fragments were sorted according to their shape 
and size into the following groups:

Fragments with a length of ca. 10 to 30cm and 

rectangular shape: parts of the well construc-
tion or other probably architectural elements.
Smaller fragments with a length between 5 and 

-

Small fragments with a length between ca. 0.5 

fragments. Some of them carry possible traces 

unprocessed.

very soft and partly damaged were excluded for 
further laboratory analyses. The wood anatomical 
study of the remaining fragments revealed a dom-

Quercus sp

the bigger fragments from size group 1 as well as 
those with rectangular shape from group 2 were 

-
gular fragments (  
to the wooden construction of the well. From this 

-

analysis has shown that the size and number of 
rings preserved in all of the fragments provided 

-

belong. The radiocarbon dating of the wood frag-
ment with the longest year-ring sequence revealed 

-

the outermost ring. The calibration of both sam-

age of the structure obtained through analysis of 

-

Fig. 2. -
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ter-
minus post quem time point when the well was 
built.

(Acer sp
of the possible wooden objects (twelve items out 

-
ious objects and is preferred for producing items 

-
ence of ash (Fraxinus Cornus 

Ulmus Alnus 

The wood from group 3 showed the greatest 

species were present here. Most probably they 
correspond to twigs from the natural woodland 
vegetation growing around the well. It cannot be 
excluded that some of those wood fragments also 

near the well.
Apart of wood also other plant macrofossils 

were extracted from the sediments of the well. 
Those plant remains are preserved in both wa-
terlogged and charred state. The organic remains 
show very good preservation and apart of plant 

-
bling remains of metal slags were also recorded. 

naturally from the groundwater.
The most numerous archaeobotanical finds 

Triticum monococcum -
Triticum 

dicoccum
-

can be identified as belonging to hulled wheat 

from the processing of the cereal crops and more 

order to release the enclosed in the chaff grains 

consumption. While the grains were consumed 
the chaff was apparently discarded and part of it 
was preserved in the sediments deposited inside 

Further indication of cereal grains are the subfos-
sil preserved wheat pericarps. Further cultivated 

Hor-
deum vulgare Vicia ervilia
(Linum usitatissimum

The natural vegetation was represented by 

and ash were found. Several fragments of seeds of 
apple (Malus Rubus sp
and physalis (Physalis alkekengi
useful for human consumption. The archaeobotan-

-
etation. Most of those plants are favoured in their 
distribution by human activities and most probably 

Bromus ster-
ilis tectorum Lapsana communis
pasture land and waste places ( Plantago  major
media Polygonum aviculare Setaria  verticillata  
viridis Urtica dioica
humid habitats (Carex Mentha Polygonum 
lapatifolium Verbena officinalis

Theucrium cf. 
chamaedrys -

Conclusions

-
vides plenty of information on the use of the plant 
resources and natural vegetation developed in the 
area during the existence of the well.

The wooden construction of the well is com-

found were made from maple wood. 
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Elena Marinova-Wolff

-
tural Heritage
Fischersteig 9
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-
ical for the period are also represented in the 

from the well. They are recorded mainly through 
by-products of their processing – chaff fragments. 
The waterlogged well sediments provided also 
diverse information on the local vegetation de-
veloped near the well and the existence of a vari-
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Raiko Krauss, Zoï Tsirtsoni, Yannis Maniatis, Christine 

Oberlin, Ernst Pernicka, and Petar Leshtakov

Absolute Chronology of the Excavated Features 

at Akladi Cheiri and the Beginning of Copper 

Metallurgy in the Eastern Balkans

-

metallurgy

areas features from various prehistoric periods. 
Since only a few of them show stratigraphic over-

was made mainly on the basis of the material 
found in them. The features are distributed over 

-

-

dating from pits assigned to different periods (fea-

-
-
-

facilities at Saclay. Together with them two human 
bones from the Final Chalcolithic grave 1 were 

-

-
ratory in Mannheim. This feature is of particular 
importance because of its archaeometallurgical 
installations.

Further dates were obtained from the wood 
pieces found in the well-shaft 50A. The lower part 
of this shaft contained indeed hundreds of pieces 

the size of the pieces and the presence of traces 

from some sort of platform associated with the 

determination of selected wood pieces at the den-
drochronological laboratory of the Department 

samples were small and moderately preserved. 
-

no local chronology is available and the expected 

attempt radiocarbon dating of its innermost and 
outermost rings and wiggle-matching. The mea-

Centre for Applied Isotope Studies with the AMS 

-
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14C-dates 

( -

-
tion of the different calibration results (

line up according to the expected archaeological 

order and cluster in a range approximately be-

 54 was assigned 

-
 52 indicate 

that already since the 53rd cent. 
stones had been collected. They might have served 

Fig. 1.

ogical wiggle matching (see . and -
-
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as raw material for the production of jewellery. 
The discovery of a small copper awl in pit 54 is 

-
 

50th cent. 
site would have been fully developed. Copper met-

-
ing to the horizon Karanovo IV in the chronocul-

-

 
 

The series of 14C-dates from pit 50 and its con-

Karanovo V horizon of the Thracian chronocul-

dates from animal bones found in the lower and 

-
tained from the two pieces of timber collected in 
the lower part of the well show a slight distance 
from each other. Fig. 2 shows a section of the sam-
ple 2013-01 close to the innermost rings. There 

were 30 rings and separated in sets of tens. The 
curvature of the rings indicates clearly that this 
sample comes from very close to the centre of the 
tree. The innermost part which was only a few 
rings away from the centre was rotten and min-

were the middle and the exterior set separated 
by ten years difference. According to their den-

modelled together and integrated into a wiggle 
matching curve plot (
it appears that the outermost rings of this par-

close to the felling date but rather close to the be-
ginning of the life of this tree. The wood measured 

dates with a dendrochronological distance of 60 
years. The outermost rings of this particular wood 

-
-

-
ence in dates between the two pieces of timber is 
due precisely to the different parts of trees repre-

Fig. 2. Section of the sample 
 2013-01 close to the innermost 
rings. The curvature indicates that 
this fragment is close to the centre 
of the tree.
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of the well should be placed in the years between 

These dates help to improve the chronology of 

regional scale. The chronology of those periods in 

the basis of the stratigraphy of Tell Karanovo in 
14C-dates 

Fig. 3. Wiggle matching curve plot 
of the pair of rings from sample 
2013-01.

Fig. 4. Wiggle matching curve 
plot of two ring sets from sample 
 2013-14. These samples are separat-
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despite the efforts in recent years. The first se-
ries of 14

-

years 

 IV ho-

-
tions provided material for a series of AMS dates 

(35–40 years 

-
-

both conventional and AMS dates from charcoal 
-

ed by the datasets produced lately on the sites of 

 al. 

the eastern part of the Thracian plain. In the latter 
 

IV settlement has been estimated in the years be-

the Karanovo IV horizon could be indeed limited 
to the interval between approximately 5300–5000 

 Karanovo -
lithic might have started as early as 5000 

 
 -

from this pit came several pieces of ores and partly 

adhering copper globules that indicate melting. 
The related date MAMS-35509 has a calibrated val-

the Karanovo VI horizon in the Thracian chrono-

established by the data series of the cemetery of 

Varna (Higham et  

in Hansen et 
pit 

-

pit 28 would be roughly parallel to phases 4 to 6 of 
 64 would be used 

shortly after the end of it.
The area seems to have remained uninhabited 

for a long time. At the beginning of the 4th mill. 
a series of inhumations were made at the spot of 

-
ment. The two dates from grave 

th mill. 
 

 4 and 5 can also be assigned 
to this horizon. These burials are evidence of hu-
man presence in the area at a time when most of 

Whether or not copper ore was extracted for met-
-

mains unclear.
-

 

place in the area during the 3rd mill. 

Raiko Krauss 
Institut für Ur- und Frühgeschichte und 
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Kalin Dimitrov, Veselin Draganov(†), and Nayden Prahov

Submerged Prehistoric Settlements along the 

South Bulgarian Black Sea Coast

Submerged prehistoric settlements1 -
-

ered together with other of the archaeological sites 
that are under water elsewhere along the western 

structures to be discovered below sea level are 
mainly two: the absolute rise of the sea level and 
the negative local tectonic movements on land. 

-
sin changed its size and shape many times as the 

-

during the Pliocene (

covering vast areas of the modern mainland. The 

Pleistocene was a semi-salty basin (according to 

a reduced size which was not connected to the 
World Ocean. Its formation was a result of a re-

many times. During the Middle Pleistocene the 
basin increased its level due to climate warming. 

1 In the related literature these settlements are often 

current article prefer to use the term submerged settlements 
-

ological context of these sites that were built and existed on 

and submerged due to major environment changes.

 Uzunlar Sea represented a closed salty basin of 

period the so called Karangatian transgression 
-

tion with the Mediterranean was once again re- 

The level of the basin increased above what it is to-
day entering transgressively into the mouths of the 
rivers and shaping lagoon lowlands. It was named 

subsequent Post-Karangatian regression began 
with the last glacial period Würm and continued 

It greatly reduced the waters of the World Ocean 
and the sea level dropped successively to minus 
90m to 100m and according to some other schol-
ars even to minus 120m below the contemporary 

-
mum regression coincides with the climate mini-

-

Sea basin and the Mediterranean. The withdrawal 
of water turned a large part of the shelf into an al-
luvial plain and caused intensive erosion processes 
whereat the rivers along the coast cut their beds 
and formed deep river valleys. Today sections of 
them cross the contemporary shelf. Due to the ero-

-
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Sea was formed as a slightly salty basin. Its coast-

at a depth of 80m to 90m along the periphery zone 
of the shelf. At the end of the Pleistocene and the 
beginning of the Holocene the post-glacial trans-
gression began. According to radiocarbon dat-

developed with regressive and transgressive phas-
es during periods of warming and cooling of the 

transgression running at the very end of the Pleis-

indicates rapid rises in sea level caused by the 

Fig. 1.
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established connection with the Caspian Sea which 
-

ual rise in sea level the basin reached ca. -20m to 
-30m and according to some other opinions to 
-30m to -34m compared to the contemporary one. 

and the maximum of the global Flandrian trans-
gression. During this stage the Mediterranean level 

The academics are dating the establishment of the 

salty basin was formed with a limited Mediterra-

-
-

and fauna. The mass extinction of organisms was 
associated with the accumulation of a sapropel lay-
er among the deep sediments and the accumula-
tion of hydrogen sulphide gas in deep sea waters. 
The formation of the contemporary lagoons along 

-
sive phase. 

-
gion is a quite disputable and controversial topic 
and any of the hypotheses for the stages of basin 
transformations can be supported or challenged 

Sea transgression alternating with stages of regres-
-

-

peculiarities with pronounced tectonic instability 
and heterogeneity. Three main parts are clearly 
outlined different in geological structure as well 

and the area between the cities of Samsun and 

-

has been split by a series of deep faults (reaching 
-

tive tectonic processes this plate exhibits a con-

-
sion and alluvial processes are the main elements 

limans
the coast.  The winds in the coastal zones are often 
more severe than in the rest of the hinterland. The 
northern and eastern ones dominate. The winds 

-

-
riodically passing from shoreline to sea shelf and 

transgression.

Shabla. Here the Moesian Plate which is the base 
of the high seashore north of Cape -

-
ing the surface. For that reason any strongly ex-

there to compensate for the rise and fall of the sea 

latter represents a liman
-

ments found so far in the region are concentrated 
around their shores. There the settlements are un-
der water between 4m and 8.5m for the valley of 

-
tonic movements combined with a rise of the sea 

the rest of the region are located on high coastal 
plateaus.
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-
 -

gion can be extended further north to the Danube 

but the seashore is low and sloping composed of 

loess. The settlements there are located mainly on 
the mainland as the periphery of those from the 

-

data on the rise of the sea level in this region dur-
ing and after prehistory come from single burials 
from the Copper Age now inside the sea about 2m 

contemporary one as initially the graves were lo-
cated on the mainland dug into the loess layer.

History of Research

-
th cent. AD and were 

-
ny and Slovenia. The first archaeological exca-
vations of such a site were carried out in 1853 

-

water similar to the  Paeonian settlement from 
the 5th

-

20th

them were located in inner fresh water basins 

some of these sites were explored more careful-

Toncheva and Ivan Ivanov made observations 
on submerged sites during different industri-

serious step ahead in the study of archaeological 
structures of the settlements in question provid-

the assumption that the settlements in the Varna 

data collected in the course of more than 60 years 
of interdisciplinary marine studies quite logically 

that these settlements had been constructed on the 
ancient mainland.

Ventsislav Popov and Hristina Angelova resulted 
-

merged archaeological sites from different periods 
found within marine environment.

applying archaeological and interdisciplinary 

-

-

-
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Fig. 2. Map of the submerged 
and seashore prehistoric settle-

-
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 Site  Age/Culture/14C Type/Architecture  Location on the Terrain

1

-
Seashore settle-
ments and necropo-
lises

Tell in a lagoon

2
SW coast

Submerged 

settlements and 
necropolises 

lagoon

burials on the mainland below 
contemporary sea level

3 Seashore 
 s ettlements 

Open settlement on the mainland 
about 500m from the sea near 
Shabla Tuzla

4

Shabla Tuzla – at the 
southern end of the 

away from the shore 

Copper Age –  
Culture Varna Submerged necro-

polis – two graves
Two Copper Age burials in the 
sea about 2m deep 

5

Copper Age

More than 15 sub-
merged settlement 
sites

Up to -8.5m below sea level in 
a lagoon. They were located 

6 Pasha Dere unexplored – single 
pottery fragments

Dere Cape. About 6–8m above 
contemporary sea level

7 Seashore 

from several settlements found 
on the mainland during construc-

near St. Athanasius Church in 

8
Kladentsi

Probably 
 settlements

Prehistoric artifacts from the 

and the sea in the region of 

between 6 and 12m deep 

9 Atia  Submerged 
 settlements

Prehistoric artifacts from dred-

10 -
morets village Seashore settlement

About 1800m from the contempo-
rary coast line and 50–60m above 
sea level 

11 tween Sozopol and 
Chernomorets

 Seashore settlement About 150m from the contempo-
rary seashore 
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stratigraphic observations and employment of 
interdisciplinary studies as basic instruments of 

same period the submerged archaeological sites in 
-

ological and 14C analyses.
Correlation has been established between the 

-
tom sediments in which they are found. The sites 

than the submerged settlements and although 
today they are to be found in close proximity to 

direct interaction with the sea. Hypotheses have 

Copper Age that appear at the depth between 7m 
and 9m below the contemporary sea level were 
located on the ground on terraces of lower costal 

li-
mans
or same places and depths but were buildings on 
pile platforms. An archaeological hiatus between 

a series of sites on the mainland dating to the 4th 

sedimentary process in a water environment. It 
has been documented that the settlements were 

Table 1 presents in synthesised form informa-
tion about submerged settlements along the west-

-
shore settlements here cited only for comparison. 

 Site  Age/Culture/14C Type/Architecture  Location on the Terrain

12 Sozopol – the 
 Harbour Finale Copper Age 

Submerged 
 settlements

13 Seashore settlement
About 20m from the contempo-
rary coast line and ca. 6m above 
sea level

14
Kavatsite site

Seashore settlement -
emporary sea level

15 of of Dyuni resort Chalolitic? Seashore settlement
Alepu Swamp begins 50m west

16  Submerged 
 settlement

Up to 6m below sea level in the 
bay in front of the river estuary

17 Seashore 
 settlement?

About 600m from the sea. 
 Artifacts found ca. 7m below sea 

18 Kiten – Urdoviza
 

2900–2700 after Kuniholm 

Submerged 
 settlement 

Up to 9m below sea level near sea 

the river Karaagach

19 Ahtopol Prehistoric pottery Seashore 
 settlements?

Single artifacts from the territory 
and the aquatory of Ahtopol 

Table 1. 
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There are informations of other sites along the 
seashore where prehistoric artefacts have been 

-

Prehistoric Settlements Below Present Sea 

 Level South of Burgas

Data on prehistoric settlements which lie today 

of it refer to occasional discoveries of archaeo-
logical material during various construction and 
excavation activities on building ports or other 

limited regular and rescue archaeological excava-
tions have been carried out only in the harbour of 

-
-

plored area only of the latter one (about 900m2

the devoted efforts of several generations of re-

remain fragmented and many of the problems as-
sociated with them unsolved. 

1.  Atanasovsko Lake

The initial information about prehistoric artefacts 

during digging channels for salt-extracting facili-

tools and pottery fragments were collected from a 
depth of 0.45m to 1.0m in the ground (
A bit later similar artefacts were discovered near-

Fig. 3. The settlements 
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publications are laconic and quite vague but the 

-

-

probably they come from more than one settle-
ment (

-
titude close the present day sea level (up to 2.5m in 

material as well.

2.  Port Burgas

-
ple of ceramic vessels were found (

-

Fig. 4.1. Fig. 4.2.

Fig. 5.  
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many archaeological artefacts were found (
They were discovered in the southern part of the 
bay at a depth of 6m to 12m and about 500m from 

-
olithic was also among the artefacts of this dredg-
ing (

The area of their discovery is important from 
an archaeological and geo-morphological point of 

-

comes from the high-debit fresh water springs 
-

th 
cent. 
the sea is close to the springs. During antiquity a 
settlement (blooming in the 5th and 4th cent. 
existed here probably as a trading centre (empo-
rium

 
been revealed and only its necropolis partially 
explored as a sector of it is on the mainland be-

It is worth noting that among the artefacts from 

Fig. 6.1. Fig. 6.2.

Fig. 7.
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3.  Atia

The settlement was discovered in 1968 in the west-
ern bay of Atia Cape during the construction of the 

bottom surface layer containing artefacts from an-

prehistoric settlements. The pottery – whole shapes 

 
-

the place where the settlement is located today is 
not well protected from the northern and eastern 

Fig. 8.4.

image from 1918 and 2016.

Fig. 8.1. Fig. 8.2.

image from 1918 and 2016. The image from 1918 
shows the area before the construction of the navy 
facilities. 

Fig. 8.3.
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change of the landscape in the region from prehis-

that this site presents materials from the latest 

(

4.  Sozopol

-

-
-

en out. Although there was not an archaeologist 

-
tom at a depth of 3m to 3.5m or in total 5m to 6m 

Initially the interest of the researchers was 

these 1927 materials are referred to a submerged 
sector of an antique necropolis of Apollonia Ponti-
ca dating from the early 4th

The prehistoric pottery from Sozopol has 

discovered in the harbour of Sozopol present-
ing photos and drawings of some vessels (

Fig. 9.

discovered in 1968 during 
the construction of the 
navy port. Courtesy of the 

-
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of the prehistoric settlements in the aquatory of 
Sozopol was carried out in 1986 and 1987. The rea-
son for these excavations came with the dredging 

-

Sozopol.

Fig. 10.3. -

Fig. 10.1. - Fig. 10.2. -

-

image from 1918 shows the area before the construc-
tion of the harbour facilities.

Fig. 10.4.

landscape in connection with the construction of the 
harbour facilities.
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In 1990 and 1993 two campaigns of regular 
underwater excavations were conducted aiming 

clarify their localisation in the ancient land-
scape. The research was concentrated on three 
sectors conditionally called in some publications 

-
vations on the submerged settlements along the 

shall present the results from Sozopol in great-
er details as for now they are the main pillar by 
which the other settlements can be better under-
stood (

Sector Sozopol 1

In the zone of sector Sozopol 1 the sea bottom is 
at a depth of 4.3m to 4.6m. The uppermost layer 

-
rine sediments and scattered archaeological mate-
rial of various dates. This layer is badly destroyed 

Judging from the artefacts found and dating after 
the end of the 2nd

was a sea bay serving as a harbour.

-

-
preted as a result of the formation of the layer in 
calm water. The layer (as a matter of fact better 

the presence of organic materials and has been 

Fig. 11.
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probably accumulated in a calm water environ-
-

stroyed level of the next layer 3 containing debris 

-
logical layer with many artefacts in situ. It begins 
at a depth of ca. 1m to 1.15m from the sea bottom 

greatest concentration of archaeological artefacts 

structures – and has the character of a settlement. 
It has been determined that the end of the settle-

seen on some of the wooden constructions and 

Copper Age settlement was located. It has been 
shaped near a marine environment as all the 

appear at the base of layer 3 and increase in 
depth. At a depth of 1.8m the structure and con-
tents of layer 4 resemble the ones at the bottom 

that it contains archaeological materials down to 
a depth of 2.1m to 2.3m from the surface of the sea 
bottom. These materials appear in negative shapes 

-

The archaeological materials have been traced to 
a depth of ca. 6.5m to 7.0m from the sea level. A 
main peculiarity of sector Sozopol 1 is the almost 

The Copper Age pottery from Sozopol can be 
related to the end of the age and synchronised 

-
-

Atia. Characteristic of the Sozopol chalcolithic ce-
ramics is that they belong entirely to the Copper 
Age tradition but display some new elements of 

is noteworthy that the pottery from Sozopol shows 
-

amo Delchevo generally in shapes but differs sig-

The vessels from Sozopol are hand-made. The 

we can notice a correlation between the size of the 

clay. The composition of the clay is characterised 
by inorganic temper and less often organic ones. 

Some pots are brown in colour. The core of the 

-

afterwards in an oxidising atmosphere. The gener-
-

faces are very well processed and depending on 

and decorated.

pseudo- shoulder are a common feature of the 
2 The small vessels with a 

have handles decorated with incisions and buds. 
These vessels seem to be the clearest expression 
of the Post- Chalcolithic elements in the Sozopol ce-
ramic complex (

2 Some observations on the peculiarities of the ceramics 
from Sozopol were made in an unpublished master thesis 

-
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Fig. 12.
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Fig. 13.
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Fig. 14.
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Fig. 15.
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Fig. 16. -
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Fig. 17.
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Fig. 18.
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Fig. 19.
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Fig. 20.
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Fig. 21.
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Fig. 22.
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Fig. 23.
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The vessels without decoration prevail al-

-
-

the bands of triangular section terminating in 
buds are the most common ones. Fluting appears 

all categories of vessels bear incised decoration. 

the most common patterns. The inlays appear on 
-

toms and conical bowls display notches. Stamped 

painting appears on the inner side of conical 

dishes and on the outer side of bowls and cups. 

seems to repeat the one on the body of vessel.
Some of the fragments display traces of red 

surface of the vessel. We have to bear in mind that 
this type of decoration is of a special importance 
from a chronological point of view but it survives 

-

much more common than registered fragments. 
-

sels with a rich graphite decoration.
Often the vessels bear deliberately rough-

Fig. 24.
from the settlement in the harbour 
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burnished bands thus creating a complete compo-
sition. We have to note also the presence of certain 
archaic elements within the pottery complex from 

-

The ceramic complex from Sozopol displays 
a series of regional features alongside some new 
elements which relate it to the Final Chalcolithic 

3 Supporting a 
generally later date  than  early 4th

spoon decorated with a zoomorphic head of a type 

that the Copper Age layer in Sozopol is one of the 
 latest in date phenomena of the period not only 
along the seashore but also in a larger area. The ex-

-
-

cation of the materials from Atia and by a relevant 
comparative study.

3 A series of dendrochronological samples coming from 
quadrant D in Sozopol have been studied. They form 224 
years of chronology. The latest samples are dating AMS 14C 

Sector Sozopol 2

In the zone of sector Sozopol 2 the sea bottom is 

in sector Sozopol 1 but containing numerous arte-

great concentration of decomposed organic mate-
-

tion in relatively calm waters. The layer contains 
archaeological debris of a settlement from the end 

-

are not in situ. The artefacts are concentrated 
mainly in the upper ten centimetres of the layer. 
In the course of excavations displaced remains of 
wooden platforms have been registered. The re-
mains of structures found suggest the houses were 
built over wooden platforms rising about 0.70m to 
0.90m above the terrain supported by many posts. 
The posts were pushed to a depth of ca. 1.6m to 
1.7m in a manner that presumes they were set up 
at different times during repairs or other activities 

The next layer in depth bears the nature of a 

Fig. 25. -

Chalcolithic layer of the settlement 
in the harbour of Sozopol.
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due to the registered displacement of the ancient 
terrain. Chronologically the hiatus relates to the 
end of the transitional period and the formation 

-
er has been accumulated in a water environment 

The following layer in sector Sozopol 2 repeats 
layer 4 in sector Sozopol 1: single archaeological ar-
tefacts from the Chalcolithic were found at a depth 
up to 1.4m to 1.6m from the surface of the sea bot-

-
es in the environment and related changes in 
habitation.

-
mented to a much greater extent than from the 

of these artefacts within a mobile environment 
-

mentation. This condition of the pottery is also due 
to the large-scale dredging activities in Sozopol 
harbour in the course of decades and the severe 
mechanical destruction of the seabed.

made although single fragments made on a slow 
4 The clay employed is 

tiny pebbles and sporadically grog. The pots are 
-

though their surface displays spots testifying to 

oxidation atmosphere and a direct contact of the 

are in the grey and brown range although single 
-
-

cally sought after but were obtained as a result of 

added. The most common colour is grey with 

4

destroyed archaeological structures.

spots often appear and their surface is smoothed 
more roughly. Second come the pots with light 
brown surface well smoothed. Their fracture is 
grey-brown in colour displaying inclusions of 

common decoration of the pots of this colour are 
prints made with mussel shells at the upper sec-
tor of the body. Pots of prevailing grey colour of 
the outer surface and light brown spots or vice 
versa are present comparatively often. Vessels of 

patterns.
The pottery surface ranges from fairly well 

smoothed to medium rough. Finely burnished sur-
faces are exceptions. The inner surface is carefully 
smoothed for functional reasons and its colour is 

The main shapes characterising the pottery 

in the settlement.
-

pitchers with a high rim turned outwards are the 

-
bossed buds rising above the mouth appear rela-

might have a practical use as handles. Horizontal 

of medium sizes appear seldom. Their bases are 
on low pedestals smoothly passing into the shape 
of the vessel.

The decoration of the Sozopol pottery is lim-
-

cised and embossed patterns. Often the upper part 

with roughly twisted cord. Some types of vessels 
-

tion mentioned above. Incised decoration filled 
with white slip appears seldom. In most of the 
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cases the decoration runs along the rim or under 
the mouth as well as along the transition from the 

ones. It seems that the stamped decoration made 
with a twisted cord is a variant of the pierced one 
using a specialised tool. The pierced decoration 
appears mostly along the mouth rim of pitchers 

on the bowls of smaller size and a rough outer 
surface. The stamped patterns made with a twist-
ed cord on small bowls are composed of isosceles 

decorated with pierced or stamped patterns not al-
ways arranged in a regular horizontal line along 

Fig. 26.



Kalin Dimitrov, Veselin Draganov, and Nayden Prahov216

the ornament is running along the shoulder at the 
lower end of the handle.

The embossed decoration is also broadly em-

appear also on the walls of vessels on low pedestal. 

elongated buds arranged obliquely right under the 
mouth of the vessels. The embossed decoration ap-

as in the variant of combination of embossed and 
pierced patterns or embossed and incised ones. In 

along the outer rim of the mouth and the pierced 
patterns on the walls of the vessels. Often a similar 
decoration appears also along the side edges of the 

-
plied as decoration. They are usually arranged in a 
single horizontal line under the mouth as well as 
on the walls along the largest diameter of the ves-

a combination with pierced patterns on the body 
of the vessels.

The most and closest parallels to the pottery 

Fig. 27.
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that the classical type of cord- decoration is miss-
ing entirely in Sozopol while in Kiten it is a main 
chronological diagnostic element.

Some elements of the pottery complex (for 

material from the settlement at bay in front of 
-
-

mo is similar and probably from the same time.

-

to a synchronous horizon from the same age spe-

-

 Urdoviza near the town of Kiten. The general dif-

-

settlement is a typical representative of the cul-

Sector Sozopol 3 

It is located southeast of sector Sozopol 2. Sozo-

Iron Age entirely destroyed (  

Alongside these three sectors archaeologi-

studied in more details.
In parallel with the archaeological excavations 

been also carried out. The aim of these studies is to 
clarify the palaeo-ecological and palaeo-geograph-

The palynological studies of samples from the 
harbour are on two sets of samples from sectors 
Sozopol 1 and Sozopol 2.5 In analyses the micro- 
palynological material has been divided into four 
chronological zones (segments of the excavation 

phases of the change in the environment reg-
istered stratigraphically in the heaps (Filipova- 

14C dating of three carbon samples has been also 
accomplished. The samples come from the layers 
containing the most numerous traces of human 
activities: two from the probe in quadrant I and 
one from quadrant D.6 The dates from quadrant I 

-

the earliest explored period (the lowest levels of 

forests (Quercus -
cies as hazel (Corylus Carpinus
The pollen of grain plants registered we have to 
associate with wild species rather than cultivated 

5 -

-

6 The analyses of the carbon samples from quadrant I 
have been accomplished in Woods Hole Oceanographic In-

-

14 Material 
35–45 4560±40 3227 Charcoal 
155–165 5170±30 3979 Charcoal 

1652 65–70 5130±40 4139 Unburned 
wood
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plants. The climate was warm and humid. The 

human activity and interference with the environ-

The second chronological zone (found out in 

14

-

Fagus
elm (Ulmus Tilia Carpi-
nus  betulus Corylus
from the forests around the settlement as well as 
from more remote regions of the Strandzha moun-
tain. The second zone corresponds to a period of 

humidity which has been determined by the pres-
ence of liana species (Hedera Humulus

of pollen of deciduous tree species due to the an-

Chalcolithic settlement. The settlement was locat-
ed close to a fresh water basin related probably 

liman 

farming. Well-presented cereal pollen suggests an 
intensive agriculture. Wheat (Tritica
(Hordea
arable farming is also proven by the presence of 

contains the highest registered concentration of 
micro-coal testifying to deforestation and open-
ing up areas for agriculture by burning forests 

The next chronological zone is from the ditch 
in quadrant I. It is divided into two sub-zones. Here 
we can again observe an increase in the amount of 
tree species pollen. The growth of  forests was as-
sociated with favourable climate conditions: high 
temperatures and an increased humidity. The for-

species as hornbeam ( Carpinus betulus
(Tilia Ulmus Herdera Fraxinus
etc. The pollen of herbaceous plants is of a low 
percentage suggesting the forest vegetation 

prevailed. The notable increase of  pollen from 

Strandzha mountain and along the southern coast 

in climate. The sharp decline in pollen of cereals 
-

nent human habitation. The presence of cysts of 
-

and an active contact zone between a fresh water 
basin and the sea. This circumstance is further 

of clay sediments with terragenic origin created by 

gravel and alluvium. The reasons for changes in 
the landscape and the environment were climatic 
alternation and rising sea level ( Filipova-Marinova 

The fourth zone has been found only in the 
sample from quadrant I. The pollen ensemble 
shows a serious change of climate associated with 
the beginning of the Sub-boreal climatic period. 
The amount of tree pollen decreases and that of ce-
reals increases. This shift is explained not only by 
climatic changes but by human activities as well. 
The main agricultural crops were wheat (Triti-
cum Hordeum
of  pollen from meadow and ruderal species shows 

pastures and forest glades. The lower percentage 

the relative sea level and the transformation of the 

The change of the environment and its inter-
relation with human activity in the region of the 
prehistoric settlements in Sozopol harbour have 
been analysed also by studies of microfossils from 
two ditches in quadrants F and D. The probe in 

for every 0.1m. In a synthesised and generalised 

and stratigraphic order from bottom to top show 

salt-water basin. The data – especially in compar-
ison with the stratigraphic observations – support 
and refine the proposed reconstruction of the 
landscape in the region of the prehistoric settle-
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One of the main conclusions after process-
ing the osteological material from the submerged 
settlements in Sozopol harbour concerns the im-
pressive domination of wild animals over domes-
tic ones. This is valid for the settlement from the 

-

wildlife to domestic animals is 77.45% to 22.45% 

30.84% according to the number of animal species 

inhabitants of Sozopol settlements hunting was 
of primary importance. Alongside large ungulates 

Bos taurus  primigenius

Among the important osteological observa-
tions we have to note the large amount of bones of 
dolphins coming mainly from the settlement from 

the second position within the mammal group (af-

-

Thunnus thunnus

farming has not been well developed to be a major 

The large amount of wild animals suggests the 
existing of vast forests in the vicinity of the settle-

during the Copper Age. There were fresh  water 

weather was warm and humid. Probably the win-
ters were mild and the snow cover was held for a 
short time. The changes in the distribution of dif-
ferent species suggest that at the beginning of the 

-
-

Artefacts from Sozopol Associated with Metal-

lurgy and Metal Extraction

In the course of underwater research in Sozopol 

( -
sive marine environment and chemically active 

Chalcolithic. The material the axe has been made 
of is entirely mineralised and unfit to chemical 

Fig. 28. Heavily corroded copper axe from the Chal-
colithic settlement in the harbour of Sozopol.
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While studying the archaeological artefacts 

in Sozopol a couple of pottery fragments from the 
-

activities.

with inclusions of fine sand and traces of fine 

organic material. Two of the fragments have their 

7 The fea-
tures that distinguished them from the rest of the 
pottery are the prominent traces of heavy heat-
ing around the mouth as there the fragments are 

heating has resulted in their very low weight as 
well. Two of them bear also tiny drops of copper 

vessel originally might have been used for a metal-

-
allurgical crucible. The arrangement of the traces 
from heating shows that the highest temperature 
was reaching the inner side at the highest sector 

7 All three fragments display similar features (clay com-

it seems possible that they belonged to the same vessel but 
we cannot reconstruct it.

Fig. 29.

Fig. 30.
based on the observations on the fragments from the 
harbour of Sozopol.
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-

front of bellows put on top to blow charcoal with a 
snout directed to the centre and the bottom of the 
vessel as the latter is not fully heated at this high 
temperature ( -
cible has been made of fabric common of the pot-
tery from the settlement which was obviously not 
resistant enough to function as a vessel for high 
temperature use. We can see this also by the use 

and size of the crucible from the Sozopol Copper 

shape and probably very similar to the one found 

metallurgical processes were conducted in open 
pits below a pile of charcoal as evidenced by the 
traces of heating.

-
sociated with metallurgical activities have been 
made of rough and friable sandy clay mixed with 
very coarse sand and chaff. They come from a ves-

are attached to its inner side (
identify the vessel as a crucible according to three 

which is resistant to heating and entirely different 
from the clay the other vessels have been made of 

-

-
-

and metal extracting technologies (
The crucibles from Sozopol testify to practic-

Conclusion on the Submerged Prehistoric 

Settle ments in Sozopol Harbour

that in the aquatory of Sozopol harbour two pre-
historic settlements existed: one belonging to the 

-

sector Sozopol 1 as well where it was destroyed 

the port carried out a couple of times during the 
20th cent. AD.8

The research in 1990 and 1993 revealed that 

8

lying on the seabed over an area of ca. 1000m2

The excavations carried out there showed that the presence 
of the artefacts at this depth and spot is a result of dumping 
of dredged material from Sozopol harbour (removed and 

Comparative feature Late Copper Age pot Early Bronze Age pot 

Material Usual clay for table pottery 
specialized heat-resistant clay 

and deformed. The clay is not resistant 
to heating 

Shape of the pot Shallow pot with a round bottom on foot 

Traces of oxidized metal On the mouth On the bottom 

Table 2.
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-
structed over wooden platforms (Angelova et al. 

very end of the 5th and in the early 4th

 Sozopol and Atia (as far as the material from the 
-

which existed after the end of a series of settle-

th and the 
mid-4th -
sulted in formation of a liman and swamping the 

and other streams existing in the past (Draganov 
-

els of the Chalcolithic layer were destroyed in a 
water- logged environment. Subsequently the layer 
of hiatus found in sector Sozopol 2 was accumu-

th

emerged. It was constructed over wooden plat-
forms due to high groundwater. The settlement 
existed for a period of about 150 to 200 years. It 

-

was once again under water. The next period of 

Phanagorian regression when the sea again with-
-

ly Iron Age to emerge along the coast of Sozopol 

regression and transgression phases of the sea 
change the landscape of Sozopol bay. During trans-

initially into swamps and limans and afterwards 

sea bays turn into limans
again into terraces.

5.  Alepu

Alepu lagoon is situated at the foot of the Medni 

-

narrow channel north of the spit.

northern shores of the Alepu lagoon (at the edge of 
-
-

-
ments and some lithic fragments and potsherds 

of the archaeological layer is 160 ± 20mm. The ar-
chaeological team that discovered the site and an-

settlement (
-

ro-remains constrain the age of the site to between 

archaeological layer a maximum occupation time 

and upper limits of the archaeological layer were 
sharp indicating from a sedimentological point of 

-

-
blage illustrates temperate continental climate 

botanic remains highlight gathering activities and 

-
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-

 

medium size inclusions of quartz. The surface does 
not show any traces of polishing.

According the research team the site was locat-
ed at the edge of a protected lagoonal waterbody 
close to the sea level. A probable natural lagoonal 

-
nection to the sea was another factor attractive for 
settling.

The retrieved core sequence was 6.85m long 
and comprises of two well-defined sedimentary 
facies. The lower is between 6.85m and 4m be-

and clays. It characterises a lagoonal environment 
 lying behind a wide and high sand spit which iso-

today. The lagoonal muds were then buried by 
landward growth or the migration of sand dunes. 
The archaeological layer was deposited in this unit 
between 5.9m and 5.75m and was in the different 

The wood piles were cored and retrieved below 
the archaeological layer at the following depth 

-
tom sediments.

The upper one of the two sediment facies is 

the top with identical grain-size and equal distri-
bution. It was deposited under aeolian dynamics 
which formed a dune.

Fig. 31.1.

Fig. 31.3. Possible location of settlement at the 

Fig. 31.2.

-
lithic settlement. 



Kalin Dimitrov, Veselin Draganov, and Nayden Prahov224

6.  Ropotamo9

9 From 2017 an archaeological excavation project of the 
Center of Underwater Archaeology has been conducted at 

with droughts of ca. 3m (

the Middle Ages were found. Today some of them 

of Archaeology. Among them a rich collection of 

Fig. 33.2.
-

 trenches from the excavation in 2017.

Fig. 32. -
-

Fig. 33.1.

Fig. 33.3.

Underwater Archaeology 2009.
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From 1982 to 1989 several archaeological un-
derwater surveys and excavations campaigns 

  f
 

 

from the shore (
-

graphic observations from the research in the pe-
riod between 1982 and 1989 could be summarised 
as follows:
  – Layer 1. From 0m (in 1980s the sea bottom 

was 3.5m deep below the sea surface in the ex-
-

ing sand and shells of sea and river mussels.
  – Layer 2. 
  – Layer 3. 

mixed archaeological artefacts from the antiq-

Age. The layer is composed of pottery frag-

from the incoming waters of the river.

  – Layer 4. The layer begins at a depth of ca. 2m 

 4 continues to ca. 
-

 4 is characterised by wooden posts 0.2m to 
-

per part the layer is covered with alternating lay-

pass through the section of shells and continue 

rows of posts placed at 1.0m distance and a frag-

river sand and pottery fragments were registered 
which I. Karayotov describes as drainage but prob-
ably it is a base of an oven. The posts were em-
bedded in alluvium layer below the level of the 
drainage.

The prehistoric artefacts from the layer below 

bodies and high handles as well as 2633 fragments 

Age (

Fig. 34.
from the prehistoric site in the bay 

-

Karayotov from 1989 (drawings by 
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bone tools also belong to the group of prehistoric 
artefacts found in 1989. The research reaching the 

-

-
ed on the mainland next to the ancient river bed. 

-

Kiten.

7.  Stomopolo/Primorsko

the northern area of the Stomopolo lagoon near 

( –
local teacher S. Dragulev and handed over to the 
Museum in Varna (

V. 

geomorphologist D. Kanev mentions also about  

V. 

10 from 

10 M. 

Fig. 35.1. Fig. 35.2. Possible location of prehistoric site near 

-
ter Archaeology 2009. 

Fig. 35.3. Possible location of prehistoric site near 
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the depot of the Varna Museum M. 

and a photo of a vessel without a number on the 

V. Slavchev who how republished the prehistoric 

 
  

a muddy sediment environment. According to the 
information given by the local teacher who collect-

 
-

logical and archaeological observations during the 
-

fied. According to some of the opinions it was a 
 -

-
poses still another explanation for the great depth 
the artefacts have been collected at: they fell into 

-

terrace located close to the contemporary sea level 

The scarce information on the geology of 
Stomopolo is also complemented by a vertical 

K.  Stoev. The interpretation of the 

-

thinner and disappears. A layer containing sand 
-

ies from 2.5m to 4.0m reaching its maximum of 4m 

its maximum depth is 25m and its minimum 3m. 

to more than 30m depth as far as the geo-physi-
cal survey reaches. The beginning of this layer of 
marl clays measured from top to bottom coincides 
with the information obtained when digging the 

Fig. 36.

Varna Archaeological Museum 
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of the aquatory of the bay in front of the lagoon 

south (

6m to 7m depth. The digital terrain model reveals 
that they represent an extension of Kondrus Hill 

-

eastern winds. Probably such was the situation 
to the transgression at the end of the Copper Age. 
After the relative sea level rose they ceased to per-
form this function. The potency of the winds and 
waves in the bay already opened resulted in the 
formation of a sandbar and the transformation of 
the area into a lagoon.

8.  Kiten (Urdoviza)

-

of the Kiten yacht harbour (

-
cal surveys preceding the discovery of the settle-

-

during the excavations of a trade ship from the 
Ottoman Age under the direction of M. 
K. Porozhanov and V. 
286 
the houses were revealed as well as pottery frag-

bones. 

of 10m over an area of ca. 25m2 ( 11 where 
archaeological materials appeared only from 8m 

 

11 In a publication from 2004 K. Porozhanov mentions 
that the excavated area is 50m2 

upper parts come to different levels: from the bot-
tom surface to 1m depth into the ground. Some of 

-

0.4m. The horizontal beams are found at a depth 
of ca. 1m in the ground. A large number of pottery 
fragments and of animal bones was found main-

-

The archaeological excavation in 1987 was 

 -
sions were ca. 425m2 with a main trench of about 
300m2. The depth reached was 5m to 6m below the 
sea surface. Archaeological artefacts were found 
from the bottom surface up to 2m depth. About 
230 posts with a diameter from 0.1m to 0.4m each 
were discovered. They are standing vertically as 
well as at different angles. The length of the posts 
in depth has not been determined. Their visible 

-
en horizontal beams were also found. According 

two-storey buildings. Quadrant C 3 contained a 

cut and arranged close to each other (

of a dolphin and belted bonito. This sector is also 
distinguished by the most numerous wooden 
posts found there. In the neighbouring quadrants 

-

bone psalia -

-
tefacts led the investigators of the site to suggest 
they might had discovered a cult building. A sup-
porting argument for this is also the circumstance 

The third trench explored in 1988 was locat-
ed north of the one from 1987. Its area is 125m2 
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2. The 

During the initial two seasons the  researchers 
determined that the settlement had been con-
structed over a terrain with a slight slope as the 
investigated layers were lying between 5m and 

Fig. 37.4. Archaeological trenches of the rescue exca-

orthophoto image from 2016.

Fig. 37.1. Fig. 37.2.

construction of the yacht harbour and the shore in-
frastructure.

Fig. 37.3.

project of the Centre of Underwater Archaeology 

river well protected from northeast by the paleo- 
Urdoviza cape.
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The bottom surface layer is composed of sand and 

next layer below is composed of gravel mixed 

below there is a layer of compact clay going down 

follows.
Cultural remains have been found in the three 

middle one. The tops of the vertical wooden posts 
appear in all three layers. According to the re-

-
ing horizons or phases in the development of the 
settlement recognised by the vertical position of 

 
In 1989 the research continued during inten-

sive rescue excavations prior to the construction of 
a pier wall for the Kiten yacht harbour. They were 
conducted by a different archaeological team.12 

-
plored area was 550m2 -

2 in total. To specify 

eight ditches some of them reaching to 2.9m in 
depth in the sea bottom. Five stratigraphic layers 
have been registered. The surface one is about 

 3 consists of large 
-

 
-

clusions. The deepest layer 5 consists of hard clay 

The archaeological remains have been discov-
ered in the initial four layers. They are divided 
into two cultural horizons. The upper one termed 
as Urdoviza -

12 -
der the direction of V. Popov and K. Porozhanov. After 1989 
the team of H. Angelova and V. 

and its employment as harbour and storm shelter. 
The lower part of this layer contains artefacts from 

well as marine sediments covering the settle ment. 
This cultural horizon falls into the stratigraphic 
layers 

The other cultural horizon: Urdoviza -
-

covered mainly in the stratigraphic layers 4 and 5. 

 Urdoviza 

depth. The lower sector of the cultural layer con-

-
ganic material. The pottery found in  Urdoviza 1 

 6 is sterile13 

During the rescue excavations in 1989 and 
1990 the team explored remains of wooden con-
structions of buildings: vertical supporting posts 
and beams of horizontal platforms. The vertical 

between 0.25m and 0.3m. The posts are strongly 

their height from the lower end to the horizontal 
platforms representing the base of the buildings 
is between 1.2m to 2.4m. The horizontal beams 

in section. They have been fastened to the verti-
cal ones by means of assemblies and ropes dis-
covered at a couple of spots in situ. These angu-

13 After completion of the research in Kiten in 1990 and 
clarifying the situation in Sozopol after the excavations in 

 6 might be in fact a stratigraph-
ic hiatus with a Copper Age layer below it. In 2014 an attempt 

-

to reach the desired depth. The question of a presence of 
 al. 
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surviving height of the vertical posts above the 
horizontal platforms is between 0.3m and 0.4m. 

the wooden posts while higher constructions are 
eroded. This idea is supported by the fact that in 
Kiten an unusually large number of whole ceram-
ic vessels has been discovered. The reason for this 

covered with sediments soon after the terrain was 
flooded thus protecting the remains. The many 

-
ing a clear connection with the construction of the 
buildings are a consequence of reconstructions 
and several following building stages ( Draganov 

 
The analysis of the stratigraphic and tapho-

nomic observations leads to the conclusion that the 
settlement was located on the mainland close to 

-
dred meters from the seashore as the ancient sea 
level was at least ca. 8.5m lower than the contem-
porary one. The ancient riverbed was discovered 
during the archaeological research in 1989. It was 

a steep slope and the presence of a layer of sand. 
The settlement developed on the left river ter-

 
direction and covering an area 40m to 60m wide. 
The platforms serving as foundations of the build-
ings were rising about 1m above the ancient ter-

excavations revealed only the southern border of 
the settlement which was close to the ancient bed 

The pottery coming from the site has been dat-

  

studied by K.  Draganov in detail 

percentage of whole vessels is unusually high es-
pecially compared to the terrestrial sites from the 

maybe few of them were produced on a slow 
turning wheel. They are of local production and 
imports have not been recognised. The fracture 

and light brown. The surface is smooth although 
burnishing is rare (

The shapes of the Kiten pottery are not too 

-

most sensitive chronological element of the pot-
tery complex from Kiten. The vessels bear pressed 

Fig. 38. -
tlement Kiten – Urdoviza.

Fig. 40. -
ment Kiten – Urdoviza.

Fig. 39. -
ment Kiten – Urdoviza.
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-
sions applied to the vessels mouths as the only 
decoration also appear often. Comparatively rare 
is the decoration of buds alone or together with 
incised and stamped patterns. There are also ves-

-

and decorated with finger and nail impressions 
along the outer edges are a feature of Kiten pottery. 
Some wide bowls with straight mouth rim bear 
horizontal handles. Pseudo- tunnel handles on the 
mouth of middle-size bowls appear comparatively 

-

Fig. 41.
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 II in the Varna region ( -

The cord decoration is widely spread appear-
ing in various patterns. One of the fragments dis-
plays pseudo-cord decoration of caterpillar type 

testifying to an earlier phase in the development 
of this technique. Usually the cord decoration 
is running below the rim of the vessel which is 
characteristic of the classical stages in the devel-

-
oration is often combined with other decorative 
techniques such as buds and impressions.

Fig. 42.
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is related to the second and third phase of the 
  

 
especially close are the parallels with the pottery 

  
The connections with St. Kirilovo and Mihalich in 

-

The absolute date of the site has been deter-
mined by dendrochronological and 14C analyses 
accomplished in several different laboratories. 

14C sam-
ples from Urdoviza to 4180  -
brated between 2850  -

 
the laboratory in Heidelberg is similar: between 
4210  

The settlement has been dated also by 85 den-

this a 285 years long dendro-scale has been elab-
orated which is among the longest so far estab-

phases of settlement life have been determined 
with indications of interim repairs of buildings. 

-
ties of 10 to 20 years between the phases. Through 
nine 14

settlement have been related to the absolute time 
14

According to the dates and cultural character-

-
est parallels with the archaeological material 

14 14

14C date 
Hd15460 951–965 
Hd15964 1026–1040
Hd15209 966–980 
Hd15567 1041–1055 
Hd15139 981–995 
Hd15208 1056–1070 
Hd15879 996–1010 
Hd15458 1086–1100 
Hd15987 1011–-1025 

Fig. 45. -
ment Kiten – Urdoviza.

Fig. 43. -
-

the harbour of Sozopol.

Fig. 44.
Kiten – Urdoviza.
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Artefacts from Kiten Associated with Metal-

lurgical Activities 

During the archaeological research in 1987 in the 

axe and two different halves of stone moulds for 
casting axes were discovered (

tuyère
and the metal artefacts are lost and we do not 
have any more detailed information about them. 

certainly were also part of the inventory of the 

ancient metallurgist as they bear clear traces of 
strong heating and small oxidised copper parti-
cles at the top (

The osteological material from the settlement 
at Urdoviza cape has not been explored totally. 

it can be concluded that the settlement was locat-

material shows that hunting was an important 

not widely practiced. Out of all mammalian bones 
-

-

of the other one suggest a running process of do-

present.

-
guished: big broad-hoof horses (
smaller steppe ones (Tarpan  Spassov and 

  Iliev who have studied a part of the bone ma-
 

Lab-code Context Type of sample 14C date

depth in seabed 2.50m
Charcoal from 
wood 

depth in seabed 0.40-0.70m

depth in seabed 0.40-0.70m

depth in seabed 0.40-0.70m

depth in seabed 2.30m

Table 3. 14

Phase Relative years 
Kiten Absolute date

Phase Kiten 1 1073 

Phase Kiten 2 1080 

Phase Kiten 3 1100 

Phase Kiten 4 1114 

Phase Kiten 5 1136 

Table 4. 14

Kiten.
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of economy of the people and the surrounding en-

Agriculture was poorly developed. Alongside 

Conclusion

The submerged settlements on the western coast 
-

-

-
 VI culture. The sites from the 

Copper Age. It should also be noted that most of 
the settlements belong to the second phase of the 

displays a cultural continuity of about 2000 years 

Fig. 46.

Fig. 47.
settlement Kiten – Urdoviza.

Fig. 48. Very large corns from Aurochs (Bos tau-
rus
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-

this continuum. The submerged chalcolithic settle-

survive the crisis in the late 5th mill. 
-

The above representation of the submerged 

narrow sense of the word. They were deliberate-
ly founded in proximity to the sea. The location of 

-

the latter following a different geographical logic 

have been registered next to the contemporary 

-
ments on their contemporary coastline but such 
have not been discovered yet. We can expect such 
sites underwater at a depth greater than the one 

-
-

the sea level and the ancient ecological environ-
ment. Along the northern and south-western 

-

a stratigraphic hiatus has been registered and its 
nature suggests that it has been formed within 

-
tlements were abandoned once again for unclear 
reasons.

The pottery found in Sozopol and Atia has a 
clear connection with the Chalcolithic tradition 

although it belongs to a later phase in its devel-

-
ration pattern. This means that the settlements 
continued to exist after the classical phases of the 

 VI culture 
and continued their development also during the 

 III culture as well as the  earlier 

began at least as early as that of the inland settle-
ments. The comparative analysis of the particular 

and disappeared at different moments and experi-
enced a different length of habitation.

Although belonging to different cultures and 

-
times in a superposition. A. Margos and I. Ivanov 

-
-

ably the reason is that during both periods there 
were similar topographic conditions and the loca-
tions of the earlier settlements again appeared to 
be most suitable. Although the submerged settle-
ments were located at various places along the 

them one can observe topographical similarities 
giving grounds to suggest that the leading motives 
in choosing a place for settlement were exactly the 

-
ity to a river or a liman
southern exposure and a slight slope of the terrain 

-
tion of what was the distance of the settlements 
from the shoreline. The fact that all submerged 
settlements are at a similar level shows that their 
location is related to the ancient sea level. The 
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comparison of the settlement levels reveals minor 

The main question concerning the topogra-
phy of the coastal settlements is what the nature 
of the water basin they developed along was: the 

liman or a river. Ac-
cording to the initial thesis of the explorers and 
investigators of the submerged settlements near 
Varna they were located along the coast of a sea 

 
 

-
ciplinary studies associate the settlements almost 

-
though located close to a sea environment.

The recently accumulated data on the devel-
opment of the prehistoric metallurgy in the re-

-
tween the settlements along the seashore during 
these epochs and the rich deposits of copper and 
gold existing nearby. The archaeometric analyses 
of copper artefacts from the famous Varna ‘gold 

clearly show the importance of the mineral de-

Strandzha mountains for the supply of copper 
-

and Kiten come as an additional argument for this 
hypothesis. If we compare the explored area of 
these settlements with the area of the numerous 
sites on the mainland from the same periods we 
will notice the wealth of artefacts associated with 
metallurgy within the submerged settlements. The 
review of the general topography of the western 

-

material exchange from the Strandzha seashore to 
the north is via the sea.

Kalin Dimitrov

Nayden Prahov 
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Margarit Damyanov and Krastina Panayotova

Apollonia Pontica and the South-Western Black 

Sea Coast in the Thracian and Antique Periods 

(Late 2nd Millennium BC to Early 1st Millennium AD)

In the late 7th

of Miletos founded Apollonia at the south-eastern 

-
-

not arrive in an empty country.

Late Bronze and Early Iron Age

the period deserves attention because of a few 

most important are copper ingots found in the re-
gion: an ox-hide shaped ingot from the village of 

in Thracian lands has been commented upon (see 

-

Municipality (and more in present-day northern 

the existence of coastal settlements.

The question remains open whether the ingots 

were exported from the region under discussion 

-

such objects remained in use in much later times 
-

imens that offer any possibility for independent 
dating is an anchor with two holes that was found 

-

Coastal Strandzha belongs to the area of the Thra-
-

-

-
nology of these family tombs reaches down to the 
6th

the area by the time the Milesians arrived.
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There is evidence also of settlements: on sev-

the case of the 4th 

the only one subjected to archaeological investiga-

emergence of the settlement to the 9th

many of the vases are decorated with a combina-

habitation is tentatively presumed from before to 

-
-

ports are dated to the 5th

-
sians found a settled Thracian population in the 

Fig. 1.
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-

-
ably a settlement on the southern slope of a low 

-
-

-
gests a considerable hiatus before the arrival of 

1

-

1

-

the pottery that is similar to that from the Harman-

been dated from the 8th to the 6th

the 9th

supports the observations on the materials from 

possible hiatus between the Thracian occupation 

Mesambria that also yielded pottery from the 

between the Thracian settlement and the Dorian 
-

-

Kostadin Cheshma near Debelt in the area of a 

Fig. 2.
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-

be registered.
-

th 2 that is 
immediately before the arrival of the Milesian 

2

early materials come from its base.
This rather vague situation is probably due 

mostly to the state of research and to the some-
times problematic dating of early Thracian pot-

suggests a very early contact between the local 

the presence of Thracian pottery in some of the 

the chronology of the early imports from Kostadin 
Cheshma – almost immediately after the foun-
dation of Apollonia – is another indication of the 
presence of natives in the area.

Fig. 3. 
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Archaic and Classical Period

The foundation of Apollonia in the late 7th

-

provided a much-needed port of call for the ships 

notoriously inhospitable Salmidessos (see Isaac 

that the anchor was the constant device on the 

during the Archaic period. Within the second 
half of the 7th

-

to obtain information about these resources de-
spite the doubts voiced about the role of metals 

-
dation of Apollonia probably resulted not only 

-

-
ably prompted the city to send away some of its 

colonisation was able to identify other economic 

-

quantity of early pottery (
without visibly changing the chronology.

Pottery confirms the other part of Pseudo- 

of the colonists partially: among the early materi-

also numerous South Ionian transport ampho-

 poleis
-

ern Ionia. The Archaic monochrome pottery from 

(epoikoi
of the apoikiai

Apollonia and the region in the Archaic  period. The 
oikistes 

be circumstantial evidence for the arrival of a new 
group of colonists in the mid-6th

explicit information about epoikoi
but their connection with Anaximander and the 

-

city itself. Archaeology is capable only partially to 

Ancient Apollonia consisted of two distinct 
-
-

bined area of about 25ha (
paralleled by the city of Istros in  Dobrudzha (see 

-

the temple of Apollo was located on an island (St. 

the Classical periods. Archaeological evidence in-
dicates a more or less synchronous settlement on 

the earliest pottery dates from the late 7th
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Fig. 5. th th

Fig. 4. th th
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temenos with the sanctuary of Apollo was on the 

excavations in the early 20th

such as on the island of St. John or the peninsula 

this problem: among the uncovered architectur-

6th

-
mensions of 11.75m by 6.8m. The platform of the 

of 5.8m. The same building material was used for 
muschelkalk -

cating they were constructed at the same time.

of the temenos already before the construction of 
th 

the discovery of a mid-6th -

the first time uncovered remains from Archaic 
Apollonia on a larger area and allowed for distin-

th 
and most of the 6th

Fig. 6. 
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modest dwellings (up to 20 to 25m2

walls on stone foundations and roofs of perisha-
ble materials (

(
In all investigated contexts (pits and remains 

of slag from copper smelting. Pieces of slag were 

early houses (already from the first half of the 
6th

registered in the early levels of habitation on the 
peninsula. In the western part of the excavated 

date it to the end of the 7th or the very beginning of 
the 6th

-
chitecture. This situation changed in the last quar-
ter of the 6th

part of the island were abandoned and demol-
ished in order to open space for a much larger 

were built: a temple and an altar (the latter over-
-

ogy is based on a geison

of Archaic Milesian architectural terracotta in the 
3 It was 

a process that developed for several decades. Ce-
ramic plaques with relief depictions of warriors 

-
-

east of the Archaic one and was previously giv-

3

Fig. 8.  Archaic cup with a dedication to Apollo the 
th

Fig. 7. 
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Fig. 9. 

Fig. 10. th
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th

details attest to the existence of other structures 
-

5th

evident by the different orientation of the new 
buildings that could be seen in other structures on 
a large area (see -
pearance of Apollonia could be considered a ‘mon-

It has been suggested that the construction of 
-

lated to the monumental phase of the late 6th and 
 early 5th

but still no positive traces from them have been 
-

mains the mention of city gates by Aeneas Tacticus 
th

The observations presented above allow for 
the conclusion that Apollonia developed success-

-
lating demographic potential and wealth. The 

Fig. 12.  Pieces of slag used as insu-

Fig. 11.  Part of the Archaic street on 
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Fig. 13.  Pottery from the so-called ‘met-
th th 

Fig. 14. 
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Fig. 16. th

Fig. 15. 
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evidence about its territory and the relations with 
the local population indicates the same (see be-

-
covered in other places on the peninsula of Sozo-

northern end of the isthmus that connects it to the 

(
6th

areas extra muros

The remaining evidence about the Archa-
ic urbanism of Apollonia on the territory of the 

-
tary. Only rescue investigations have been carried 

-
cate that the organisation of the urban spaces fol-
lowed the natural terrain and topography of the 

Observations on the Archaic pottery from 
-

tion in the central and southern parts and lower to 

less intensive habitation of the northern end of 
the peninsula is corroborated by the discovery of 

-
tory (
half of the 6th

-
males (
kernoi

the secret nature of the female rituals honouring 

Fig. 17. 
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from Apollonia also attest the worship of Aph-
-

The monumental phase from the end of the 

stage for the appearance of the 13m high bronze 

th

-
al that was needed for the colossus is a clear in-
dication that Apollonia still controlled the ore 

hypothesis that metallurgy declined at the turn of 
the 5th

th

appearance of silver coinage that replaces the so-
-

-
portant information about Apollonia in the 
5th and 4th

development of its necropolis (

-

The necropolis of Apollonia developed main-
ly along a road that led from the peninsula to 
the south: crossing the isthmus (present-day Sea 

south-eastern slopes of the high hill across the 

shore of an open bay with a beach in the north-
-

-
cal investigations were able to trace the ancient 

-

Fig. 18. 
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th to 
early 6th

the 6th

the north-eastern slopes of the hill of the Har-

The middle of the 5th -
ginning of an entirely new period in the develop-
ment of the funerary spaces of Apollonia. Within 

-

of the 5th 

This is the most extensively investigated part 

from the middle of the 5th to the middle of the 
3rd -

of the funerary practices. Inhumation is almost ex-
-

or the third quarter of the 5th -
ble increase after the middle of the 4th

Fig. 19.  Schematic presentation of 
the development of the necropolis 
of Apollonia from the Archaic to the 
Hellenistic period.
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family preferences (Panayotova et al. forthcom-

in the Hellenistic period. The inventory is typical 

Fig. 21.  Part of the ancient road in 
-

closures on both sides.

Fig. 20. 
road and the tunnel for the water main.
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The sudden expansion of the necropolis after 
the middle of the 5th -

investigations of large areas of the necropolis al-

th

-
ough reorganisation of the funerary space.

One of the possible reasons for these transfor-
mations could be a demographic surge (too sud-

such an event: the arrival of epoikoi (additional 

have contributed to the presumed demographic 
surge. A. Avram connected this episode with the 
information about Anaximander as leader and 
dated it to the middle of the 6th

-
son to relate it to the large-scale transformations 
in the archaeological situation a century later (see 

-
-

ent economic prosperity for Apollonia and the city 
could afford inviting more population to strength-
en its positions.

Indirect support for such a scenario could be 
found in the presumed reforms in the funerary 
sphere. The study of the funerary monuments 
from Apollonia gave rise to the hypothesis about 
the introduction of regulations to limit ostentatious 

after the very beginning of the 5th

-

nd -
ing in mind that funerary reliefs from the 4th to the 
3rd poleis in the 

be explained with the internal struggles after the 
arrival of the epoikoi

which again cannot be dated with any precision 

mid-4th

-

name is convincingly reconstructed in the tribute 
3

Despite these internal disturbances in Apol-
lonia in the 5th

is about a lasting prosperity. There are more signs 
of it in addition to the already commented bronze 
colossus of Apollo. In the southernmost part of the 
5th

graves from the last quarter of the century. In the 

Fig. 22.
th

Fig. 23.
th
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also brought to light: a tunnel for laying a water 
main of clay pipes dug in the soft limestone (
see

-
-

struction of the tunnel also seems to predate the 
expansion of the necropolis here.

The necropolis of Apollonia reached its largest 
th 

graves appeared on the southern side of the pen-

In this period appears the tumular necropolis on 
-

plexes have been investigated. At least two tumuli 
with numerous amphorae (more than 120 in one 

-

It appears that the place was deliberately chosen 

hill of the Harmanite neighbourhood practically 

-
-

terpretations are possible: the promontory could 
have served as a place for burying individuals 

-
vent the limitations of the presumed funerary reg-

All evidence indicates the stability and pros-

least to the middle of the 4th

somewhat later. The large necropolis continues to 

decades of the 3rd -
tic period brought changes to the region.

The emergence and the upward develop-
ment of Apollonia in the Archaic and the Classical 
 periods raise the question about its chora: farm-

under the control of the polis that supported its 
economic existence. The topic has been discussed 

4 -
-

2 or 

decade led to a considerable increase of the data 
about the scope and the development of the chora 
of Apollonia in different periods.

The information that could be obtained from 
ancient written sources is scarce and controversial. 

polichnion

2 -
ing Anchialo as a fort (phrourion
the only document mentioning the term chora re-

peran 
chora

4

Fig. 24.  Tunnel dug into the limestone for laying the 
pipes of a water main.
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of evidence in the same passage of Strabo is more 
controversial: he assigns Thinias (modern Igneada 

-

-

chora: the actual 
land possessions of the polis and something that 

-

-
compasses a narrow coastal plain with a few hilly 

Apollonia situated practically in the centre (see 

citizens were precisely in this area: in the plain 
-

the creation of the Apollonian chora
some mostly indirect data hint at a very early mo-
ment in the Archaic period. Among them is the 
evidence of early metallurgy from the city itself 

-
lined territory have been mined at latest from the 
early 6th

colonists. This is supported by Archaic fragments 

Fig. 25. 
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-

-
cal population.

from the Atiya promontory reveal an important 
Archaic settlement that continued to exist until the 

from the late 6th

-

-

-

periods to indicate that Antheia developed as an 
independent polis. It is not mentioned in narrative 

-
age has been associated with it. It seems logical to 
assume that the settlement was included at some 

The presumed coexistence of Apollonia and 
Antheia for some time hints at a possible compari-

two similar cases have been studied: Orgame and 

-
-

dependent polis in the Classical period and later. 

-
cial functions and were later replaced by centres 
that were founded with the aim to control more 
land and resources (respectively with larger de-

provided communication with the Thracian inte-

-
tion to the excellent harbour.

permanent occupation of the adjacent territory 
of Apollonia from the Classical period. In the last 

in the surroundings of modern Chernomorets be-

th to the 
3rd -

-
tory. The site has been interpreted as an emporion5 

-
land in the area. Traces of another large settle-

chora and its resources.
-

tigating the territory of Apollonia began and after 
a few seasons provided more detailed data about 

-
istic times. The above-discussed development of 
the necropolis in the 5th and 4th -

5 The bibliography on the meaning of the term emporion 

-

could have had commercial functions. It is not meant as the 
-

mercial operations.
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-
ed to the exploitation of the chora emerged in the 
close vicinity of the city. The earliest remains in 

5th

-
tures develops on the hill and remains in use until 
the beginning of the 3rd -

were organised along a road that probably con-
nected Apollonia with the territory to the north 
of it ( 6

rd

6
from the middle of the 4th to the middle of the 

Fig. 26. 

Fig. 27.  Part of the uncovered ancient road through 
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3rd

Another new result from investigations in the 
immediate surroundings of Apollonia during the 
last few years is the detection of actual traces of 
agriculture. At several sites within two or three 

arranged in regular rows were discovered cov-
ering a substantial area and dug into the clayey 
ground beneath the sandy topsoil (
could be interpreted as trenches for planting vine-
yards and the accompanying materials date them 

picture of the Apollonian chora in the Archaic and 

-
ritory of the polis.7

The narrow coastal plain to the east of 

which was probably the reason for the growing 

7

very important results. The site is a hilltop fortress of square 

-
tress appeared before the middle of the 5th -
mained in use during the 4th

-

th

of a settled and guarded Apollonian chora. It would appear 
that the protection of the mineral resources was especially 
important.

Fig. 28. 
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Apollonian polis to search for more farmland else-
where. Such an opportunity was offered by the 
‘chora

the fact that the earliest mention of Anchialo as 
an Apollonian phrourion dates only from the 2nd 

-
direct observations also support such a hypothe-

the 6th and 5th

one could expect a major expansion. On the  other 

Apollonia most probably predated the foundation 
-

th -

-

6th

-

-

across the bay.
The borders of the Apollonian territory to 

-

decades of the 6th

-
gested that an emporion of Apollonia existed 

-

and the location at the mouth of a navigable river 
could serve as an indirect argument in favour of 
commercial functions.

There are more data about ancient settle-
ments at modern Kiten on the Urdoviza peninsula 

-
ument from the 5th or 4th

provisionally as a satellite settlement ( emporion

the names of a father and a son indicates long-
-

Apollonia.

-

to light numerous fragments of Archaic and Classi-

the 6th to the 4th rd 

could be dated as early as the first half of the 
6th

is very similar to that from Apollonia (from the 

indicates the settlement also existed in Classical 
-

istic period (

coarse hand-made jars with relief bands (
similar picture is also attested on the island of St. 

-
sults from Urdoviza are very important in respect 

the activity of the polis along a longer stretch of 

The numerous Archaic materials for example 
provide indirect support for an early date for the 

between Apollonia and Urdoviza raise the ques-
tion about whether the latter could have been 
part of a continuous Apollonian territory. Some 

-
other possibility is to see Urdoviza as a separate 
dependent settlement serving as a harbour along 
the coastal sailing route and probably controlling 
some farmland. Such an interpretation would 
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Fig. 30. 

Fig. 29. 
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Fig. 31.

Fig. 32.
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-
tion allows for very limited speculations about the 
nature of these settlements. They should have ex-

mixed population cannot be excluded.
Another similar settlement may have existed 

at the site of modern Ahtopol – possibly Aulaiou-

-

in the sea. One opinion regards them as evidence 
for a 5th

decrees from the 3rd

Observations on the territory of Apollonia nat-
urally raise the question about its relations with 
the local Thracian population from the foundation 

of the colony to the Macedonian expansion in the 
third quarter of the 4th

changed the general historical setting.
The steady development of the polis through 

-
directly in the connections with the Thracian hin-

hardly have gained access to the metal riches of 
-

eration of the local Thracians. The presence of 
fragments of hand-made vases of Thracian shapes 
already in the earliest contexts on the island of St. 

-
tacts (

Already in the end of the 7th or the very begin-
ning of the 6th

Cheshma near Debelt (at the western end of the 

-

the end of the 6th -
tration of imported goods is observed in the area 

Fig. 33.
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-

-
ly imports could be traced at least to the region 

with the one from the northern Aegean coast (see 

them apart.
The rise of the Odrysian Kingdom brought 

did not have negative effects on Apollonia. In the 
5th

-
terpreted as emporion. The pottery demonstrates 
clear similarities with Apollonia (see Oppermann 

-

-
-

tory of Apollonia.
Materials from the region of Karnobat also 

and some symptomatic finds reveal direct con-
nections with Apollonia. Among them are the two 

-

-
terpreted as a special commission by an Apollo-

-

Thracian hinterland seems to suggest special rela-
tions with the Pontic colony. Another similar case 
is presented by several oinochoai
another rare shape in the Attic red-figure pot-
tery from the late 5th -

-

Fig. 34.
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in the Odrysian territories.
One may also add the observations on the dis-

amphorae (with eng-
th

-

-

The available evidence indicates that this fa-
vourable for Apollonia situation changed after the 
Macedonian expansion in the third quarter of the 
4th -

-
-

cal and economic ties of the Ionian polis.

Early Hellenistic Period

The Hellenistic period is among the poorest 

having in mind the important processes that un-
folded in the ancient world and also affected more 
peripheral regions.

about the period of the Macedonian domination 
over the region that lasted some six decades from 

-
-

tioned as an intermediary between the Scythian 

and afterwards disappears from the sources. Ac-

territories that reached to Salmidessos to the 

the territories to the east of the river Tundzha 

is not yet supported by any solid evidence.

-
-

context also for the information of Tirizis (present- 

as the port used by Kassander to send reinforce-

-

or Mesambria that were closer. One of the possi-

ancient sources adequately but provides some 

related to the campaigns of Philip II: for example 

the middle of the 4th

-
nia was behind this trade and the changes indicate 
disruptions in the ties of the polis with the Thra-
cian interior that most probably had negative ef-

Around the middle of the 4th -
tified site appeared on the northern shore of 

one of the enclosure walls ca. 50m long and up to 

-
derwent reconstruction in the second half of the 
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3rd

2nd tyrsis

but it is important to note that its emergence and 

of the Macedonian expansion in Thrace. As men-
-

a residence of a local governor or of a nobleman 
who was endowed with lands in the area.

The available evidence from Apollonia itself 
and its immediate surroundings does not suggest 
any major disruptions related to the establish-
ing of the Macedonian power and the inclusion 

of the temples in the temenos on the island of St. 

is registered in other poleis

The evidence from the funerary spaces also 
indicates stability: the use of the large necropolis 

without visible interruptions in the second half 
of the 4th rd 

rd

added: for example next to the satellite settlement 

already plundered and at least partially destroyed 

with two structures that have been interpreted 

associated materials provide a chronology in the 
rd 

-

at places that are relatively far from the main ne-
cropolis and could be related to individual farms 
or estates. To this group belongs the tomb in the 

such structure was investigated closer to Apollon-

locality. It was used during the very end of the 4th 
rd

of the associated graves yielded golden jewellery 

These unusual burials belong chronolog-

at changes in the land use and the emergence of 
new wealthy families. It is possible to search for 

barrel- vaulted tombs have been investigated. Due 
to the specific architectural type and the clear 
evidence from the sources about Macedonian 

-

-
ered recently in the closer hinterland of Apollo-

tomb under a tumulus near the town of Primor-

yielded a set of gold ornaments for a horse har-

rd

the first clearer archaeological testimony about 
the presence of Thracian aristocracy in the sur-
roundings of Apollonia. It also raises the question 
about the borders of the Apollonian territory. As 

-

Archaic period and should have been dependent 

emporion
not part of the near chora of the polis. The avail-
able evidence indicates it existed at least to the 
late 4th or early 3rd -
ble Thracian family along the lower reaches of the 
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the Apollonian presence was probably limited to a 
narrow coastal strip.

and partially destroyed barrel-vaulted tomb near 

-
lenistic period.

-
ings changed visibly around the middle of the 
3rd -
opments could be observed. The most obvious 
among them is the contraction of the necropolis of 
the city. Archaeological data indicate that the large 

was abandoned at about that time (Hermary et al. 

-

-
lis in this period is supported by the discovery of 

-

on the isthmus that connected it to the mainland 

Contemporary changes have been registered 
at other archaeological sites in the immediate sur-

the buildings in Mesarite and St. Marina localities 

-
sarite could indicate a gradual development of the 

hardly date from after the mid-3rd

Some scholars relate the collapse of the Apol-
lonian territory and necropolis to the troubled pe-
riod of the struggles between Seleucids and Ptole-

The activity of Antioch II in the area is attested 
both by his coins (considerably more numerous 

2

in Apollonia but probably originates from Me-

and the wording suggests military help (for Apol-

2

in Thrace in the second and the third quarter of 
the 3rd 

and such a reconstruction remains hypothetical 

dynasts could be presumed in the hinterland of 

2

the time immediately before the arrival of the 
Celts. Another inscription from the region is 

rd

2 -

-

-

is dated to shortly before the middle of the 3rd 

-

‘ emporion
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Avram envisions a large alliance of the West Pon-
tic cities from Istros to Apollonia in support of 

-

Avram presumes that the actions of the general of 
2 388 could have been direct-

-

probably preserved his positions in the interior of 
south-eastern Thrace until the conquests of Ptole-

It is probably not by accident that the decline 
and the crisis in Apollonia in the second quarter 
and the middle of the 3rd

the rise of Dorian Mesambria that apparently 

Mesambrian amphorae is dated precisely to the 
second quarter of the century. They are attest-

continued in the second half of the 3rd

 Mesambria issued gold and heavy silver coinage 

burials with golden jewellery appeared already in 
rd -

larly numerous in the necropolis of Mesambria 
in the late 3rd nd

Mesambria becoming the leading power.

Later Hellenistic Period

The evidence about the development of Apollonia 
and its surroundings after the crisis in the middle 
of the 3rd

certain point in the penultimate decade of the 

-
-

-

preserve at least partially its territory. Anchialo 
remained under its control to a certain moment 

nd

-
2

phrourion

of funerary reliefs from Apollonia date from the 
same period. The deceased have been honoured 
by the polis and in some cases were depicted as 

-

-
nd and 1st

it was this part of the chora that Hegesagoras 
helped safeguard.

-
ited in the Hellenistic period. Traces of occupation 

phase is dated to the period from the late 4th and 
early 3rd nd

-

that was excavated nearby dates from the second 
half of the 3rd
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Having in mind the changes around Apollonia in 

it belonged to the chora of the polis in that period. 

half of the 2nd

The development of the region to the south 
is even less clear. A Mesambrian decree for an 

2

2nd

 Astai are located in the coastal area of south- 

Mesambrian inscription attests their presence in 
the northern part of this area. The Astai appear 
in the sources in the early 2nd

the enemies of Antioch II in the above-discussed 
2 388.

In the last decades of the 2nd

-

-

clear archaeological context in the northern parts 

more probable to identify Mostis as an Astean rul-

assumption eliminates the need to limit his reign 
to the conquests of Titus Didius.

been investigated to the south of Apollonia that 
added more substance to Mostis and shed light 

-

-
-

late 2nd cent. to the middle of the 1st

a single residential building in the interior (Hris-

tyrsis
could hardly be assigned to the territory of Apol-

they are less numerous compared to the coins of 

any continuity between the Thracian presence in 

from the 2nd and 1st

be claimed that the territory of Apollonia in the 
-

Two more sites still more to the south add to 

-

the 2nd to the early 1st



Apollonia Pontica and the South-Western Black Sea Coast in the Thracian and Antique Periods 279

but a more modest interpretation as a border fort 
-

rd

2nd

slightly different chronology. While the tumulus 
illustrates the presence of Thracian aristocracy in 
the area at the turn of the 2nd

points to a direct connection with Mostis: out of 

-

and the coins provided grounds for considering 
-

The third contemporary site is located in the 

again coins of Mostis and the functioning of the 
site is dated to the period from the last quarter of 
the 2nd st

These three sites create a rather uniform pic-
ture of the late 2nd -

-

being very prominent. His coins have also been 

Mesambria. The available evidence indicates that 

-
vators interpret them as residences of aristocrats 

were forts with garrisons that controlled the ex-

sites is very similar and clearly indicates changes 
in the last decades of the 2nd

possible due to the slightly earlier burial mound 

These observations raise one more time the 

reconstructed based on the information of Strabo 
-

a hypothesis seems implausible for much of the 

3rd

in Apollonia. The information about the coastal 
settlements is very sparse. The available evidence 

for the time from the 6th to the late 4th and early 
3rd

more unclear is the picture of the ancient settle-

overall analysis of the region again places it within 
nd -

emporia 
presumed for the earlier period did fall apart un-
der the new historical circumstances.

In the early 1st

-
mony for the relations between Apollonia and the 
Pontic ruler is provided by a decree for a gener-

were sent due to a military alliance (symmachia
2

-
-

st -
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poleis. It could explain the alliance between Apol-

above-discussed sites could have been targeted by 

The details of the alliance between Apollon-

suggests the city regained its importance after 
the crisis in the 3rd nd

by accident that of all major West Pontic poleis 
only Apollonia did not mint heavy coinage in the 
 period of the Mithridatic Wars (see De Callataÿ 

-
igraphic testimony to the military alliance with 

-

of Apollonia during the campaign of the procon-

poleis had 

Mesambria has yielded a decree honouring an of-
2

-

southernmost West Pontic city to have suffered 

 Mesambrian inscription explicitly mentions a con-
2

Roman Period

and the city was given as a reference point for 

in the coastal region from the city of Perinthos to 

some light on the situation in the area. The decree 

hostage to the city at a certain moment in the sec-
ond half of the 1st

2

2 -
ication to Apollo Ietros for the good health and 

-

2

-
-

-
lonia and suggest the family had Apollonian roots 

The presence of important Thracian families 

dated to the 1st or 2nd 2

ktistes (‘found-

constructed a tripylon and another unclear monu-
mental structure for Apollo Ietros. Due to chronol-

-

It appears that the city enjoyed stable and 
-

situation that differs greatly from the Classical or 
even earlier Hellenistic times and reveals the gen-
eral changes in the overall historical picture and 
the modest resources of Apollonia.

Apollonia apart from the other western Pontic 

from  Istros in the north to Mesambria in the south 
were organised in the praefectura orae maritimae 
( ripae  Thraciae
and were later added to the province of Moesia 

-
lonia remained in the territory of the Thracian 
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Kingdom until it was abolished and became part of 

out of the Pontic koinon in the 2nd and 3rd cent. AD 
-

lonia should have declined even more with the 

-
rounded Apollonia and whatever land possessions 

the picture. The discovery of two votive tablets of 

-

the epigraphic evidence of the worship of Apollo 

was still in use. Archaeological investigations have 

excavations in the southern periphery could indi-

of Apollonia.
The isthmus to the mainland and the lower 

slope opposite the city continued to be used as 

burial practices that indicate continuity from the 

-

related to land ownership. Two cremation graves 
from the 1st cent. AD were discovered in the high-

nd cent. AD are also re-

-
ous periods.

-

impossible to say what remained from the ter-

presumed that at least some of the coastal settle-
ments from the previous periods continued to ex-

More significant changes occurred with the 
-

spreading in the region already in the 2nd cent. AD 
th

the empire brought a change in the name of Apol-

Summary

In the late 7th -
ia settled on an offshore island and a peninsula at 

-
-
-

population in the hills and appear to have formed 

-
-

ably served as a basis for the steady and upward 
development of the city in Archaic and Classical 
times. Stone architecture appeared in the temenos 
in late 6th

colossus of Apollo several decades later. There is 
evidence of a population surge and changes in 
the city in the middle and the second half of the 
5th

th

to the mid-4th
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half of the 3rd

Mesambria was gaining strength to the north of 

gically around the middle of the century. In the 

data reveal interactions with the local Thracian 
-
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Tim Rödel

Geology of the Region

Geological Framework of the Medni Rid Area

The geology underlying the survey area of the 

continental collisions of crustal fragments and 
oceanic lithosphere during the alpine orogenesis 

-

Alpine-Himalayan collisional orogenic belt and 

-

( -

-

-

stratabound and carbonate replacement deposits. 
This metallogenetic volcanic belt is roughly 30 to 

Although the most prominent and largest deposits 
are located in the western and central part of the 

-

easternmost extension of the geological unit.

-

area was interpreted based on crystallisation ages 
as an arc magmatism during a southwards retreat-
ing oceanic crust and extensional rifting with as-
sociated igneous processes. Magmatism started at 

-

shallow magmatic processes in the area. A total 
deposit size of 10Mt was estimated for each of 

overview of the ore geology of the area refer to 

Overview on the Geological Field Work

and the surrounding territory have been explored 
-
-

eralogical traces giving insight into the ore compo-

structure and style of mineralisation that could 
have been utilised in mining activities prior to 

-

A systematic prospection of archaeometallurgical 
areas of interest and general geological reconnais-



Tim Rödel298

Most prominent traces of recent mining activ-
ities are the mining and transportation shafts at 

-
es of material have been removed with industri-

be found today. When characterising the found 
-

ered as meteoric weathering can affect the com-
position by alteration (e.g. hydratisation of miner-

happened naturally to the exposed deposits on the 
surface or after the metallurgical use and extrac-
tion of the material. Traditional geological field 

-
dominant gangue minerals and textural patterns 

were exemplary supported by microscopy on a 
-

ed light. Oil immersion was used on high-grade 

-
tron microscopy with coupled energy dispersive 

of selected samples. The relative hardness of the 

been estimated on the basis of the intensity of the 
-

The description of the geological structure of the 

with its distinct alteration features gives insight 
on the processes leading to the formation of the 

for an exploitability by men. Structural data has 
-

dip direction and the corresponding angle. Due 

exposed geological features could be explored. 
-

sation or mining activities was not viable and an 
-

ground mining are challenging when interpreting 

especially in areas with high vegetation and soil 
-

formation from small opencast mining or explo-
ration trenches and pits. Targeting these areas by 

presented in the following are based on observa-

respectively. Whereas a generalised overview is 

the mineralised districts would require profound 
-

tion of different analytical techniques at the lab.

Mineralisation and Traces of Mining Activity at 

the Medni Rid Area

Although the material found around the mining 
pits or trenches generally varies in mineralog-

mineralisation hosted by subvertical vein-type de-

character of the mined-out sites which redraws 
the original linear structure of the mineralisation 

Handpieces of the vein material commonly have a 

-
tite (
grey iron oxide haematite often occurs as lamel-
lar highly reflecting variety specularite or fine-

Fig. 1. -
-
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Quartz often occurs as translucent euhedral elon-
gated crystals or anhedral masses. Secondary cop-
per minerals are often found on the surface of ore 
specimens which exhibit the typical green-blue 
colours and are further described in the following 
sections below ( -
rite can be found associated with altered copper 
minerals. Most remnants of copper mineralisation 
found in the survey area represent characteris-
tics of weathered mineral assemblages due to the 
small proportions of sulphides compared to the 
amount of secondary copper minerals.

-
acterised by varying formation temperatures be-

copper polymetallic deposit. The mineralisation 

-
-

-

-

-
drolytic mineral reactions transforming feldspars 
and mica to clay minerals or other alteration phas-

-

-
-

and 4m deep as well as heaps of non- to minor- 
mineralised material resulting from mining ac-
tivities. Circular depressions of mining pits are a 
result of locally constrained exploration and min-
ing activities underground. Mining trenches devel-
oped as a consequence of the interconnection of 

collapse of underground mining tunnels follow-

opencast mining.
A prominent example for surficial opencast 

mining and modern underground activity is the 
site of Propadnala Voda. It is located in the central 

2

to high soil contamination with metals from the 
opencast mining. An indication for the high met-
al content is the presence of minuartia  verna
plant of the family caryophyllaceae typically grow-

material. Propadnala Voda is more exotic with 

Fig. 2.  Image of a cut hand specimen exhibiting typ-

-
mary chalcopyrite and green to blue copper second-

Fig. 3. 
polished section containing colloidal aggregates of 
pseudomalachite intergrown with copper-rich clay 
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regard to its mineralogical composition compared 
-

per sulphides are absent in the material found at 

weathering topping the exposed portions of the 
-

ed are grey to greyish-white or red-brown iron 

to  azure seams and coatings frequently found 

specimens appear to be vitreous (

shape. Optical microscopy and scanning electron 

as well as x-ray powder diffraction investigations 
depict a broad variety of mineralogical compo-
nents constituting green minerals observed in the 

-

-

portions might occur.

diffraction and characterised by optical micros-
copy (
mineral from the oxidisation zone of hydrother-

-
resenting a stable oxidised environment. Micro-

quartz and haematite internally replaced by li-
monite. A distinction from the more common 
copper silicate chrysocolla on the basis of optical 

minerals and relic quartz from veining. A proper 

-

-
formed exemplary on a couple of samples.

-
ple exhibiting different macroscopic character-
istics. Part greyish-green with green secondary 

represents an oxidation contact illustrating the 
supergene processes forming secondary cop-
per minerals. Copper minerals are comprised 
of copper phosphates overgrown by copper sil-
icates (
revealed copper concentrations between 41% 
and 52% and silica contents between 19% and 

-
acteristic for plancheite.

Fig. 5.  Image of a cut mineralised grab sample from 
Propadnala Voda containing the green copper sul-

along veinlets rimed by haematite.

Fig. 4. 
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-
idised portions of copper deposits (Anthony et al. 

-
-

ed but with no satisfactory precision. The copper 
silicates form rounded bean-shaped aggregates 
made up of microcrystalline minerals or occur as 

copper phosphate minerals which are easily con-
found with the carbonate malachite. Due to simi-
larities in mineralogical properties the according 
phase is called pseudomalachite. The mineral is 
constituted of approx. 60% copper and approx. 

angular grains of the iron oxide magnetite occur 

overgrown by limonite. Turquoise greenish cop-
per phosphates also occur as round botryoidal ag-
gregates (

-
lets rimmed by euhedral quartz crystals.

the site of Propadnala Voda is the intense wall 

-
cal absorption features exhibited by a mixture of 
montmorillonite and other smectites with minor 

-
ly deep absorption at the approx. 1415nm and ap-
prox. 2210nm band as well as a deep-water band 
around approx. 1910nm and an asymmetric shape 
are characteristic for montmorillonite (Hauff 

-

weathering rather than a hydrothermal forma-
tion during the emplacement of the vein deposit. 

of copper silicates exhibit chrysocolla absorption 
features at a wavelength of 2257nm. Coexistence 

a predominance of the latter indicate moderate 

-
ter table and the redox front and typically form 

-
-

As demonstrated above exemplary for the 

mineralogy of the ore sites is more complex than 

phosphate minerals has to be discussed in the con-

from the deposits resulting from the weathered 

Mining Site of Varli Bryag

-
-

ing relic of historical mining. Although situated 

mineralisation characteristic for the mesother-
mal mineralisation in the easternmost extension 

Fig. 6. 
composition of the secondary copper minerals 
from Propadnala Voda. The copper silicate mineral 

aggregates overgrowing the irregular patchy cop-

groundmass.
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an excellent opportunity to study the mineralisa-

form a linear series of lens-shaped mining trench-
es following the course of the vein up the slope of 
a ridge. Outcropping mined out portions are deep-

-

obviously occurred along with lenticular bulges. 
Of four mined out areas there are two larger pits 

two smaller ones with 10m to 15m and width of up 
to 5m respectively. In between these lens-shaped 

-
tion occur as quartz and haematite-rich assem-

a vein mineralisation. Due to this fact the walls of 
the mined-out vein are highly resistant to weather-

a depth of 3m to 4m an estimation of the extension 
following the dip of the vein is not possible based 

-
terial resulting from mining activities is an indica-

-

Traces of high-grade mineralisation could only 
be found as hand specimens at the site whereas 
abundant and intense quartz veining accompa-
nied by rich haematitisation is widespread. A char-
acteristic zonation of the veins can be observed on 

-

forming euhedral prismatic crystallites in geodes. 

Fig. 7. 
exemplary samples in the range of 
350nm to 2500nm. Characteristic 
are the prominent absorption fea-
tures expressed by montmorillonite 

2209nm band is an indication for 
-

observed microscopically.
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minerals often occur along the contact surface be-

-
growing euhedral quartz crystals in geodes. Only 

of the primary sulphide mineralisation are pres-

quartz or amorphous silicate permeate a com-
pletely corroded mixture of iron oxides and clay 

cavities. Primary sulphides were altered during 

weathering resulting in dissolution and re-pre-
cipitation locally or in the distance to the deposit 

 A high-grade copper hand specimen from the 
-

pict characteristics of the mineralisation exploited 
-

ondary chalcocite and covellite as well as second-
-

and sericite (

haematite occurs as euhedral crystals and partly 

Fig. 8. 
as relicts at the outcrop today.
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-

chalcopyrite occur. Pyrite is present as partly oxi-
dised relict cubes replaced by anhedral haematite 
along grain boundaries (
exhibit a distinct anisotropy. Often observed are 

being corroded by limonite and enveloped by a 

-
lar patterns with thin parallel walls. Chalcopyrite 
replacement by limonite was observed to happen 

along crystal planes cross-cutting the crystallites 
or along the grain boundaries forming rounded 
shallow embayments. A complete alteration of 

replacement by limonite redraws the original tex-
ture (
the replaced chalcopyrite is formed of chalcocite 

-
ing distinct orange anisotropic colours (
with chalcopyrite an alteration of the secondary 

-

Fig. 12. -
-

polariser.

Fig. 11. -

-

Fig. 10. 
-
-

polariser.

Fig. 9.  Transmitted light microscopic image of eu-
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-

-
grown by malachite.

-
-

alogical characteristics in different depths.

Tim Rödel
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René Kunze, Petar Leshtakov, Jonas Abele,  

and Kalin Dimitrov

Results of the Field Survey in Combination with 

LiDAR Laser Scanning in the Medni Rid Area

Current State of Research

new information on prehistoric settlement pat-

which extracted samples from 4 to 8m below sea 

1 Multi-

-

The archaeological excavations of prehistoric 
settle ments which lie on the present-day coastline 

-

which therefore meant that the excavation sites 
needed to be evaluated and studied within a cer-

1

they played a crucial role in determining our in-
vestigation procedure.2

-
view of the individual layers and their relation to 

-

a few pieces of copper ore. The documented piec-
es of carbonated ore – mostly malachite – were 
neither thermally nor mechanically processed 

usage during the late 6th

-
bonated copper ore from the 6th

-

produce jewellery using cold and hot processing.3

As evidence for metallurgical activities 
may be referenced some scoriated pottery frag-
ments with malachite and melted copper parti-

2 The excavations of the three above-mentioned settle-

3
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numerous pieces of copper ore and two copper 
awls4

-
-

fire exposure and evidence of copper smelting 

-

can be found – a large portion of which are sec-

well as individual pieces of malachite and remains 
of oxidised copper. Also worth mentioning is the 
discovery of an ellipses-shaped crucible with an 

blistered and partially fritted edges indicate heavy 
exposure to heat as well as copper processing 

affected only the top surface. This means that it is 
-

smelting and subsequent casting of raw copper 

-
junction with the recorded finds and features 
which show evidence of metallurgical activities 
present obvious clues of copper production during 
the 5th

chaîne opératoire of metal-
lurgical production in the settlement can be suc-

4
awls can be dated to the Copper Age. The geochemical ex-
amination using x-ray analysis showed that the copper was 

Methodological Site Inspection Process

One of the more basic goals of the prospections 
carried out between the years 2013 and 2016 was 

the centre of the mountainous region of Medni 
-

ductive methods of operation should accompany 

surrounding micro- and macro-region with re-
gard to naturally and anthropogenically altered 
landscape has been essential. Many academic 
disciplines set the guidelines for data acquisi-

surveys (
infrastructure (quarrying and processing of raw 

-
-

several stratigraphically secured copper objects 

the ore-poor Dobruja region – indicate not only 
the aforementioned consistencies in signature 

-
posits. The secondary copper material in the 
region under study – in some areas with large 

-
cal characterisation of the copper ore as well as 

older analyses of copper ore and strengthen the 
speculation that the area under study could have 
played an important role for the mining of copper 
ore in the 5th

archaeologically and mining-archaeologically. 
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Apart from surveys and investigations of the mine 
-
-

-

features will be thoroughly documented and made 
to be tangibly understood with regard to its con-

-
try and morphology of the area are enclosed within 
a natural topographic border made up of the pres-

The flat planes to the west and the east of 

which today only refers to the highest point of the 
mountain range – and portends to the use of cop-
per ore in recent history.

While evidence of ore mining from antiquity 
onwards is available in written records and per-

evidence for prehistory are the in situ traces visi-

-
ly challenging to locate due to the historical and 

-
ed older mining traces.

burial mounds and metallurgical smelting spots – 
have been found and documented. The evidence 
of metallurgical ability as a result of the exami-
nation of the above-mentioned Copper Age settle-

-

ore extraction through to the production of the ar-
tefacts themselves.

The intensive and systematically-conducted 

of mining independent of their respective chrono-
logies. The initial phase of the survey was based 

Fig 1. 
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on a Partial Coverage Survey.5 The conduction of 
-

this dense overgrowth also the partially big differ-
ence in altitude (between 40 and 376m above sea 

It is very time-consuming to provide a com-
plete overview of traces visible throughout the 
microtopography even in the case of localised 

trained eye eroded or overgrown features in 

5 -

-
ous mining-archaeological structures present in 

-
lineated quite clearly as reliefs contrasting with 

the archaeological landscape is incomplete due 
to the natural conditions and the size of this area. 
Another issue is presented by the varied possible 
interpretations of the mining relics. Here there-

-

-
cient method for examining mining-archaeolog-
ical landscape structures as well as archaeolog-
ical settle ment remains has proven itself to be 
the precise recording of the terrain topography 

Fig 2. -
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6 

2 (see -

The density of the intended measurements is 
often composed of several points per square meter 

-

slightest topographical changes in relief.

the analysis of wooded and hard-to-access areas 
-

the area under research has been intensely ex-
ploited over several millennia due to its easily 

6 -

irrevocably damaged or destroyed as a result of 
-

of prehistoric mining activity in the settlements 

investigations.

Locating Relevant Sites

The goal of our surveys during the years from 
2013 to 2016 was to complete a prospection of 
the surface of the hilly countryside surrounding 

for excavation were sought in addition to those 
already familiar to us in order to broaden our 

-

of the early use of copper raw materials and their 
importance for central areas of metallurgical ac-
tivity during the Chalcolithic period. The areal 
prospection was carried out using retrieval and 

topographical and other relevant features (for ex-

1550 

Scan method 

400 

Pulse recording Full Waveform 

1 

±30 

550 

0.165 

Table 1.
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and characterised by dense vegetation – rendered 
traces of ancient mining complexes and their fea-

use of the aforementioned non-invasive survey 

to be the most effective way to achieve our docu-
mentation goals.

After the preparation of the data sets and 

processing.7

-

documented information were gathered. The dif-
ferent settings were put to use on archaeological 

7
data are presented in their entirety in Kunze et al. 2018.

-

to ensure the distinction between verified and 
unverified structures. The localised anomalies 
were more closely examined in the aftermath of 

-

-

-

-
dressed in the context of the terrain itself.8

8 -

depressions.

Fig. 3. 
north-east and the plotted sites.
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-
-

general overview of the results will be available to 
9

The assessment of the relics touches upon the 

-
ments and burials as well as other physical abnor-

ditches (

9
large number of suspicious situations which cannot all be 
completely tested.

Ore Localities

-
tures from the 20th

-
idence of intensive underground digging even 
in the modern-day due to the rich ore deposits 
(
indicate several round depressions (
should not be confused with ore pits that appear 
similar. These are namely due to natural process-

-

understanding. Many smaller depressions with 
varying diameter size can appear similar in terms 

Fig. 4–5. 
near Propadnala Voda.

Fig. 6–7. 
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of shape and do not show any indications of ex-

there are further indications of modern prospec-

because of their size (which can be up to 3m in di-

mostly on images with a high amount of shadow. 
The depressions covered by large amounts of vege-

-

trenches are easily distinguished in the terrain 
from both natural and modern-day features. Due 

-
-

es (

-
-

which follow the lode only slightly beneath the sur-

be recognised easily in Orthophoto or in the la-
-

10

some with notably large diameters of up to 30m 
and depths of up to 25m. There are numerous in-

themselves and the remains of a superstructure 

scoriaceous pottery and stones from the walls of 
the smelting ovens can be found only a few hun-
dred metres deeper into the valley and could indi-

11

10 All findspots are based on geographic coordinates 

11 See section on metallurgical activity sites.

Fig. 8.  Depiction of the depressions in a laser scan 
which was localised during the prospections south-

Fig. 9. 

grid cells. Here evidently many grid cells from par-

are removed.
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Chains of ore pits were often observed in 
the area under study which were retroactively 

-
-

ing trenches. Traces of old mining activity of this 

-

-

prospection trenches can be seen in this area. 
To the south-west of the trench a 2m long row 
of 80cm large stones in a square formation were 

 multiple ore pits run along the ore vein in a north- 
-

to a mining trench.
The impressive depths and length of the min-

12 -
tured in accordance with the previous example 
of a chain of ore pits which then interconnected 

to the dominance of secondary copper minerals 
-

-

-
seminated and irregularly overgrown in their ore 

-

12

also be secondarily identified. These are often 
 either fossilised or already relegated into second-
ary minerals. Due to the results of geochemical 

and galenite – or their oxidised counterparts – are 

 area.13

in prehistory as an important ore deposit without 

-

What has actually been dismantled in this area re-

-
ly laid out (

-

Tiasnata.
Traces of mining trenches placed in order to 

extract ore lying close to the surface are situated 

easily extracted using simple tools. The resulting 
mine spoil was stored directly on the premises in 
dumps. Distributed along the entire area of study 

there are two potential uses. These trenches fre-
quently appear at the sites of Metoha and Alatepe 

considered rather as small trenches used for ore 
extraction or prospection. Another explanation 

-

-

13 For a detailed morphological and geological description 
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during the initial prospection were interpreted 

anthropogenically constructed water inlets direct-
ed towards the extraction centres (Propadnala 

The anomalies sound in the vicinity of Propad-
nala Voda are amongst the most significant re-

region itself is actually located in the central part 
-

side the aforementioned mining relics (hoist 

conveys a general idea of the archaeological land-

possibly developed as a result of encountering the 
existing raw materials (

slag and stone tools used for crushing ore as well 

are remains of ceramics from the late 6th and early 
5th

use of the area. The visible part of the deposit is 

-

Fig. 10. -

Fig. 11.  Findspot of Daradere. Field of huge ore pits.
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Characterised by orange to the red-brown ferrugi-

-

-

-
 

features could be due to the presence of cop-
-
-

minerals with varying chemistry. The vitrious 
appearance and characteristic colours could indi-

higher values are indicated underground (see 

-
ed to the right of the entrance to the wooded area 

possibly be interpreted as the remains of a former 
smelting site or roast bed.

We located the fortified settlement of Chip-

mentioned mining trench and the modern street. 

-
tion model (
in the area: up to 1.5m high and with an addition-

an occupation in early to late Antiquity. This date 

Fig. 12. 
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could also apply to some  burial mounds located 
south-east of the complex. About 300m away from 

similar measurements were documented within 

the hillside further east of this area might also be-
long to this context (

About 700m north-east from the fortified 
settle ment there lies a topographically superbly 
located area of potential concern which might po-
tentially be another settlement site (coordinates: 

small rivers to the north and to the south cut deep-

off directly to the east. The natural topography to 
the north and south is composed of steep slopes 

west lies open and was possibly secured by anthro-

-

The distance between the internal and external 

area about 480m long and between 10 and 180m 
wide – a total of 5ha. Due to the morphological 

-
tual settlement area only extended to the internal 

Fig. 13. 

Fig. 14. 

of burial mounds (view in north- 



Results of the Field Survey in Combination with LiDAR Laser Scanning in the Medni Rid Area 319

fortifications and thus occupied a significantly 
smaller area of about 0.6ha. Several pieces of pot-
tery found on the surface were not indicative of 

One further category of structures characteris-
es the complex of Propadnala Voda: the old paths 

-
ered with the help of DTM with the additional use 

-
ment (

and topographic relations of old paths (see De-

to the north-west corner of the alleged settlement. 
On-site surface investigations could conclusively 

verify neither an entry point connecting to the 
path nor provide reliable evidence for a chrono-

and the alleged settlement has not yet been proved 
but can at least be assumed.

A similar situation is presented by fans of 

-

mechanical stress of the paths here was very high. 
Of particular interest is the appearance of two 

Fig. 15. 
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-

lanes are sections of two older paths which join 
together again west of the outgoing settlement 
area and form a path leading in the direction of 

(see 

structures which can be connected to mining ac-
tivities. These not only include the numerous and 
widely visible remains of modern mining but 

 imposing. The implemented prospection methods 
-

ning – helped to localise new relics of old mining 

and geochemical differentiation of copper ore to 

also able to show that mining relics are virtually 
impossible to date using this method of prospec-

-
ments from Propadnala Voda as well. Only the 
spatial context allows to speculate about chronol-

-

The overall region of Propadnala Voda is ex-
-

mining activity appears to have been incorporat-
-

ual structures and the relationship between the 
individual elements themselves require further 
investigation and discussion.

Metallurgical Sites

Actual evidence of dressing and smelting of cop-
per ore in specific locations within our area of 
study could seldom be determined. The results 

Fig. 16. 
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settle ment during the Copper Age. This site is not 
unusual for the Chalcolithic and is comparable 

be assumed from the start that little to no traces of 
copper processing and smelting are presented in 

easily separable from other minerals and a very 
pure copper was produced during the smelting 

-
-

moved towards the ore deposits themselves. One 
of these locations is presented by the expansive 

-

elevation of 220m above sea level and contains 

of ca. 1ha which is situated 500 m away from the 

which was covered mainly in copper and iron slag. 
Alongside these waste products further pieces of 

-
ing of sulphidic ore. Charred wood remains were 
extracted from two pieces of smelted slag (
and were examined using radiocarbon dating. 

suspicion that this site could possibly have been 
-

gave a date of around the 3rd

14

dates of another wood sample extracted from slag 
showed something different: Sample 56 (

section corresponds to dates from pit graves ex-

and the younger section overlaps with the oldest 

-

area represents a conspicuous decline in local 

-
ing centre for the available raw material – iron 

ore processing is represented by tools and equip-

other by extant remnants of melting furnaces. On 
-

both elaborate and abundant. The accidental dis-
covery of charred wood inside pieces of slag in-
dicates that the area was used as early as the late 
4th

already considered ancient.

Fig. 17.  Piece of slag with the remains of wood and 
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amounts of slag remnants – mostly iron as well as 
copper – can be found across an unforested area of 

-

with particular regard to the quantity of slag or the 

presumably suggests that the site was quite sig-

The large amounts of iron slag suggest that the 
site was mostly used during antiquity. A possible 

-

several others within a surrounding area of 800m 
were documented (see 

-
-

rations were discovered. Two locations showed 
evidence of a pre-modern use of the area for met-

-
sented as either an ore pit or the remnants of a 

been the site of a later usage of an old burial 

-

is possible that this tiny smelting site is connected 

-
ence of antique pottery.

Several house foundations containing pottery 
-

bly in conjunction with a connecting burial site. 

required ore for these processes might possibly 
have been provided by the small mining trenches 

-

-
tensive smelting of the available ore was conduct-

and  Daradere are located west of the present-day 
town of Warschilo. Daradere has already been 
mentioned here due to its connection to a large 
field of ore pits (see -

-
spread use of the area for metallurgical process-

-

and more impressive insights for the dating were 

-

-
ed with the Thracian mining and smelting activi-
ties which were continued well into antiquity. Dur-

large amount of slag near the river valley as well 

Fig. 18. 
called Ingelo.
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(

Burials and Settlements

-

-

are located in close proximity to smelting and ore 

-

-
ing Propadnala Voda four sections with these 
stone hills were observed (see 

fort. In the middle of the woods on a slope facing 
north-east about 30 of these stone hills varying in 

 

Fig. 19. 
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-
mal aerial photos yield fewer results due to the 

-
cation of the structures nor an interpretation of 

accompanying evidence. Since comparable burial 

stone arrangements as indicative of a burial site 
-

dicates that it might have a connection with  other 

this might serve as a possible clue for dating pur-
poses. One possibility could be a connection with 

located in an isolated section in the middle of the 
forest and the comparatively structured nature of 
the stone arrangements seems to contradict this 

-

applies to the areas in the woodlands cleared for 

-
dence which suggests that they would contain any 
of the aforementioned stone arrangements. The 
appearance of these stone piles on the steep hill-
side would also be contradictory.
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and Mining Places

and visible traces of old mining inspected and 

2013 to 2016 in the area of the copper ore deposits 
-

veys were conducted during autumn and spring 

-
-

-
ologically determined and documented. The loca-

-

The catalogue numbers are arranged accord-

from north-west to south-east. The designation 
was made either according to the nearest village 

-
ing of several places under one catalogue number 
occurred in cases where the geographical demar-

The geographical location is given at the begin-
-

cal description corresponds to our admission in 
the area. The geological-mineralogical description 
is based both on own observations as well as on 

end of the entry.
The structure of the catalogue corresponds to 

the following form: below the name of the site the 
geographic coordinates according to the Universal 

The description lists: 

archaeological periods have to be regarded as 
preliminary. Throughout the catalogue the desig-

means roughly the second half of the 1st

without further specification of a specific sub-
period. Whenever it was possible to be somewhat 
more precise the usual archaeological terminol-

-
th 

and 4th nd to 1st 
st to 4th

th
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Fig. 1. 
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1. Varli Bryag Mine 

35T 532110 4700402

the ridge and south-west slope of a low hill at the 

above sea level (

is traced to a length of 550m. Its average width 

(
depth is over 10m. The burrow is traced along 
the south-east slope of the hill. Archaeological ar-
tefacts do not appear in the zone of the ancient 
mine.

-
-

ated with quartz veins are found.

the mine has an oxide zone that may extend to a 
depth of about 50m to 60m. The secondary copper 
minerals malachite and azurite as well as copper 

irregularly overgrown in the ore alongside hema-

2. ‘Mining Site’ Cherni Vrah 

35T 527367 4698648

Fig. 4. 

Fig. 2. 

Fig. 3.  Aerial photograph of ancient mine at Varli 

Fig. 5. 

structural information for the direction and dip an-
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It is located along the north-west slope of the St. 

a chain of pits which later interconnected to a 

south-west ore vein. The total length of the mining 

could be recognised (
pits follows the orientation of the copper veins in 
the area.

-

it is a largely oxidised deposit. The secondary cop-

-
ed and irregularly intergrown with the ore along-

-

-
thopyroxene predominate.

3. Zidarovo, Yurta Mining Area 

35T 531869 4689271

, a left 

-

-
ern mining that destroyed a large part of the an-

2 at least 32 an-
cient open mine pits were registered. The largest 
among them was 250m long and from 3m to 10m 

river.

found on the surface.
Fig. 7.  Aerial photograph of traces of ancient min-
ing at Cherni Vrah.

Fig. 6. 
Cherni Vrah.
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4. Kayata, Fortress with Settlement 

35T 533699 4690704 (Fortress) 

35T 533595 4690911 (Settlement)

-

river at the foot of the hill (

isolated stone clusters from destroyed walls. The 
area of the fortress is heavily overgrown therefore 

and the remains of the buildings as a whole. Isolat-
ed sherds from vessels made on a fast turning pot-

-
ment below the fortress is located on arable land. 

plaster are found on the surface (
the handmade pottery and others produced on a 

Fig. 11.
Kayata.

Fig. 8. 

Fig. 9. 
west.

Fig. 10. 
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Fig. 15. 

Fig. 12.  Izvor fortress from the north.

Fig. 13.  Map of Izvor fortress with excavated sections 

Fig. 14. 
wall.

Fig. 16. 
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Fig. 17.  Architectural terracotta from Izvor fortress.

Fig. 19. 

Fig. 18. 

-
-

pear. Pottery fragments of vessels dating from the 
Middle Ages (11th to 12th

-
val settlement was probably related to the fortress.

5. Fortress ‘Kaleto’ Izvor 

35T 538539 4690044 (Fortress)

It is located at an altitude of 55m above sea  level 

area of 0.18ha. A deep ravine surrounds the ter-
rain from the south and the south-east. The natu-

-
regular rectangular plan and covers about 0.2ha 
(

observed inside the fortress ( -

pseudo-Kos type (
near Izvor village is similar to the ones explored 

nd to 1st

6. Burial Mound Izvor 

35T 538731 4690497 (Tumulus)

of a slope facing south 71m above sea level and 

Izvor (
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in height. It has been cut by two old linear treas-

3m. There is no evidence of a destroyed burial 

be found. The tumulus is probably associated with 

in close proximity.

7. ‘Mining Site’ Echmen Bair 

35T 528693 4684449

-
tween 40m and 130m above sea level (

-
tery were found in the lower sector of the central 
mine.

-

and 1m to 1.5m depth (
during the surveys.

8. Kaleto Fortress 

35T 529370 4683971

-

130m above sea level.
-

Certain sections of the wall are preserved up to 
1.5m height. The interior is densely covered with 

( -

Fig. 20.

Fig. 21.  Traces of ancient mining next to the village 

Fig. 22. 
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-

th to 11th

9. Settlement at the Foot of the Kaleto 

Fortress 

35T 529900 4683892

above sea level.
-

tirely used for agriculture (
archaeological artefacts appear on the surface 
mostly fragments of wheel-made pottery. Frag-

-

(
recognised by stone accumulations.

th to 11th

10. Burial Site Echmen Bair 

35T 528491 4683853

Fig. 23. 
from the east.

Fig. 24. 

Fig. 25.
wall at Kaleto fortress.

Fig. 26. 
view from the east.

Fig. 27.  Pottery from the satellite settlement next to 
Kaleto fortress.
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level.
-

li about 300m away from each other (

one 20m in diameter and 2m of height (
and the second one 14m in diameter and 0.6m 
high. The south-east group is formed by three 

-
eter and 0.6m high. Some of the mounds are dis-

-
logical material was found on site surveys.

Fig. 29.  Stone spindle whorl from the satellite settle-
ment next to Kaleto fortress.

Fig. 31. 

Fig. 30. 

Fig. 28. 
to Kaleto fortress.

Fig. 33.  Modern destructions at the south-western 

Fig. 32. 
burial site.
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11. Burial Site Gorniya Aikan 

35T 528780 4682902

-
-

The central tumulus is the largest one: 30m in di-
ameter and 3m in height (

north-east one 20m in diameter and 1.2m high. All 

(
A couple of fragments of handmade and wheel-
made pottery were found in one of the treasure 

12. Burial Site Tsigansko Grobe 

35T 530697 4684817

-
-

above sea level.

-
inantly of earth (

north side. The smaller tumulus is almost entirely 
destroyed by digging with a machine and its shape 
and initial size cannot be determined (
remains of the mound contain tiny fragments of 
handmade pottery and secondarily fired frag-
ments of clay daub (

Fig. 34. 
 burial site.

Fig. 35.  Modern destruction at the northern mound 

Fig. 36.  Pottery fragments from the mod-
ern destruction at the northern mound 



Petar Leshtakov, Kalin Dimitrov, Jonas Abele, René Kunze, Ernst Pernicka, and Raiko Krauss338

13. Settlement Stublitsa 

35T 525136 4685610

-
ipality. It covers the lower sector (120m to 140m 

by two ravines ( -
able land. An asphalt road runs through the vil-

south further up the slope.

in an area of 2.4ha and of irregular oval shape. 

pottery (

querns – are visible on the ground (

Some scattered fragments of pottery made on a 

artefacts.

Fig. 40.  Stone tools from the prehistoric site  Stublitsa.

Fig. 37. 
prehistoric site Stublitsa. 

Fig. 38. 

Fig. 39. 
Stublitsa.
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14. Stublitsa Antique Site 

35T 524891 4685443

covers the middle sector of a slope facing north 

(

of 2.6ha of arable land. A concentration of large 

has been observed in the south corner of the site 

Fig. 41.  Stone adzes and axes from 
the prehistoric site Stublitsa.

Fig. 42. 
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Fig. 43. 

on a rectangular area of 0.15ha. The stones are 
in a heavily overgrown and uncultivated terrain 

antique buildings with stone walls. Concentrations 
of household and architectural ceramics and frag-
ments of pithoi were registered in the arable part 
of the site (

nd to 4th cent. AD.

15. Metallurgical Site Bakar Bokluk 

35T 539312 4679010

at an altitude of 140m to 175m above sea level along 

( -
-

tion. It is 4m to 5m in height. There are sherds of 
vessels and amphorae in the riverbed.

large pieces of slag. This accumulation might be 
explained as waste from metallurgical processing 

16. Fortress Krushevets Kaleto 

35T 538707 4681487

-
ty on a low elevation with steep slopes along the 

161m above sea level. The natural access is from 
north-east by a low saddle. The river surrounds 

come from the north-east and north-west.

Fig. 44. 
antique site Stublitsa.

Fig. 45. 
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of the fortress walls ( -

0.4ha and has an irregularly round plan. A large 

-
tor of the wall. The entrance of the fortress is from 

archaeological artefacts were not recorded.

17. Burial Site Chokanov Egrek 

35T 539446 4682463

sea level.

other. The eastern mound is 30m in diameter and 
1.5m in height. It is damaged by a couple of treas-

of earth and stones. The western tumulus is 15m in 
diameter and 1m high. The surface of both mounds 
is heavily overgrown with shrubs and trees. Ar-
chaeological artefacts were not discovered.

18. Metallurgical Site Atia 

35T 548814 4697882

south-west from the centre of Chernomorets town. 

borders of the site (
were also discovered as well as architectural ter-
racotta. Dense accumulations of small pieces of 

observed on the surface and in modern trenches 
in the central-southern part and along the south-
ern periphery of the site. The site was severely af-
fected by the construction of the new tailing pond 

14C dates 

Fig. 48. 

Fig. 47. 
south-east.

Fig. 46. 
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1

-

1
out in the University of Arizona but the dates are pub-
lished without lab codes. The calibration was made with 

metallurgical furnaces – are scattered over an area 

types: with traces of oxidised copper and with high 

2 of porous consolidated slag with 
high iron content were registered (

were extracted from the same site.

Fig. 49. 

Fig. 51. 

Fig. 50. 

Fig. 52.  Fragments of hand and wheel made ceramic 

well as ceramic building materials from Atiya.
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19. Prehistoric Settlement Garmitsa 

35T 550451 4697477

-
ity. It lies on an arable land on the ridge and the 

68m above sea level (
-

facts was observed in the highest sector of the 
hill and along its east and south-east slopes: frag-
ments of hand-made pottery (

semi-finished objects (

clay wall plaster were found in an old trench on 
the ridge of the hill. Along the south-west slope of 
the hill two spots with a concentration of second-

ore fragments displays also copper mineralisation 
(

653 f.

Fig. 54. -

Fig. 53. 
south-east.

Fig. 55. -

Fig. 56. -
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20. Garmitsa Burial Mound 

35T 550612 4697784

-

67m above sea level.

and 5.5m high (
north of Apollonia Pontica. Middle-size rough 

Its central sector is destroyed by an old treasure 

21. Prehistoric Site Akladi Cheiri 

35T 552864 4696861

-

-
tween sand dunes and arable land (

-
-

many thermal structures ( -

Fig. 58. Fig. 59. 

Fig. 57. 

Fig. 60. 
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from the 4th

graves probably from the 19th cent. AD.

out on the site were registered: pieces of copper 

copper tools were found ( -
per and iron ore occurred within the context of 

and the Chalcolithic. From the pit and grave con-

-

-
cue excavations in 2008 and 2009.

22. Dimitriev Yurt 

35T 550104 4696800

-

-

110m above sea level (

Fig. 63. -

Fig. 61. Fig. 62. 
the excavated area with several pit features after a 
heavy rainfall.

Fig. 64.
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destroyed.

( -

slag and of iron ore were also found.

modern period (14th to 17th

23. Mine and Metallurgical Site Rosen 

35T 547915 4696627

-

sea level. A contemporary asphalt road is running 
through the lower sector of the site.

were found around the site and in the lower sector 
of a heap located next to it. A fragment of a stone 
quern has also been discovered.

-

shallower trenches. All of them form a linear 

-
lowed the ore vein. In the 20th cent. AD the lower 

-

north-east direction to the administrative build-
-

itial length of the mine can be estimated to more 

soil were observed in the zone of the ancient mine 
over the north-west heap ( 2 in 
size. They are of irregular shape and measure 0.5m 
to 1.5m each. The areas are located along the right 

Fig. 65. -
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-

as well as red-coloured stones bearing traces of a 
strong heating. The whole complex of areas with 

-
ical artefacts may be recognised as a platform with 
metallurgical furnaces for metal extraction.

24. Golyam Rosen Bair 

35T 547514 4696620

-
pol municipality. It extends over the ridge of Med-

-

site.

(
about 200m long and from 3m or 4m to 20m wide 

at some sectors (
on the north-west side of the pit‘s line.

Fig. 68. 

Fig. 66. 

Fig. 67. 

Fig. 69. -
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25. Kyumyurlaka Mine 

35T 548637 4695796

-
zopol municipality on the ridge and along the 

-

Korucheshme deposit where once the industrial 

-
-

ture probably following the branches of the ore 
vein (
The width varies from a few metres to over 30m 

-
es that have an irregular rectangular shape reach 
25m (

samples are found on the spoil heap.

26. Kyumyurlaka Metallurgical Site 

35T 548670 4695272

-
pol municipality. It is situated on the south slope of 

above sea level. The site is about 260m south of 
cat. no. 24.

-
tar (

them (
fragments of wheel-made pottery. A radiocarbon 

Fig. 70. 

Fig. 71.  Traces of ancient mining in the area of the 

Fig. 72. 
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-
covered entrapped in a piece of slag ( -

from this site yielded a different age: MAMS 27894: 
2 This could ei-

ther indicate two different periods of exploitation 

-

-
or contain oxidised copper minerals. The archaeo-

metallurgical processing. The amount of slag and 
their type can be associated with the processing of 

slag on them can be interpreted as remains of met-
allurgical furnaces.

2 -

Fig. 75. 

Fig. 73. 
site.

Fig. 74.  Stone mortars for ore grinding from the 

Fig. 76. 
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27. Fortress Bakarlaka 

35T 550030 4694103

-
ty. It is located on the highest point of the Medni 

-
munication installation. The north-east slopes of 

slopes are easier to access. A spectacular panora-

of a wall about 70m long (

-
ing at its other end in the north-west direction. 

and probably destroyed in recent times when the 
communication centre at the top was construct-

rectangular plan enclosing an area of not less than 
0.5ha. South-east from the preserved part of the 
fortress there is a second linear accumulation of 

a length of 100m of the south segment and more 
than 30m of the east segment. The visible height 
of the wall remains is 0.5m (
trenches south-west of the fortress reveal frag-

-

28. Bakarlaka Mine and Metallurgical Site 

35T 549639 4694818

-

-

-

Fig. 77. 

Fig. 78. 
east.

Fig. 79. 
record.
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observed on the saddle and along the northern 
-

ern mine is about 70m long and up to 18m wide. 
-

lurgical slag appear on the heap. The second large 

long in total. It comprises several deeper trenches 
connected with some shallower ones (
maximum width of this structure reaches up to 

The waste material of this structure is on the side 
of the slope from the north-west.

from the oxide zone are present.

Fig. 80.  Section of a stone wall at the south-eastern 

Fig. 81.  Pottery fragments from the south-western 

Fig. 82. 

Fig. 83.  Traces of ancient mining in the area of 

Fig. 84. 
view from the south-east.
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29. Burial Mound (?) Bakarlaka 

35T 549117 4694235

the west (

-

structure. A couple of burnt reddish stones with 
slag on them were observed in the mound (
Other archaeological artefacts were not found. It 
is possible that the site is a burial structure (a tu-

-
allurgical remains that may have fallen from the 
nearby metallurgical structures.

30. Prehistoric and Antique Site of Sozopol, 

Stadium (Gerena, Pozharnata) 

35T 557326 4696079

-

Fig. 85. 

Fig. 86. 
record.

Fig. 87. 
south.

Fig. 88.  Stone with slag on its surface: remains of 

mound.



Catalogue of Investigated Archaeological Sites and Mining Places 353

-

270m from the contemporary shoreline (

-
ic site is completely covered by a sand layer over 

-

-

were discovered as well as pottery (

Fig. 89. -
toric and antique site Sozopol-Stadium.

Fig. 90. -

Fig. 91. 
layer of the Sozopol-Stadium site.

Fig. 93. 

Fig. 92. -
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excavations at the site structures from later peri-

the 4th

-

th to 5th 
-

ably from smelting of the copper ores in the vicinity.

late Middle Ages.

municipal and private buildings and other struc-
tures and partially investigated in several stages 

2014 (

31. Late Neolithic Settlement Budzhaka,  Sozopol 

35T 558560 4694652

-

building. It is located on a high terrace above the 

40m above sea level (
can be found about 500m south-west of the settle-

houses (

made pottery (
bone. Jewellery of malachite and pieces of copper 
ore were also found ( -

Fig. 94. 

Fig. 95.  View of the excavations at Sozopol-Stadium 
in 2014.
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Fig. 100.  Pendant and pieces of malachite uncov-

Fig. 97. 

Fig. 96. 

Fig. 98. 

Fig. 99. 
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church with graveyard from the Middle Ages (10th 
to 12th

boundaries of the prehistoric site.

Ages.

holiday houses (
researchers through rescue excavations from 2006 
to 2014.

32. Settlement Andoniyakovata Niva 

35T 551126 4694936

-

sea level ( -

small area of arable land.

-
ments of wheel-made pottery and some mid-sized 

-
gesting the former presence of a building.

33. Mine and Metallurgical Site Surneshko 

Kladenche 

35T 550198 4693355

-
ern sector of the site.

north-west were registered ( -
ern one is visible for a length of 120m and up to 
10m wide. The southern one is ca. 90m long and 

eroded and their depth is about 1m. The region is 
heavily altered by modern constructions and ore 
mining activities that have ruined the area around 

Fig. 101. Fig. 102. -
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by 1m in size were observed on the terrain south 

structures are remains of furnaces for metallurgi-
cal treatment of ore.

586.

34. Fortress Oshilenoto Bairche 

35T 550103 4693010

a wide panorama to the west and south-west to 

-

( -
ness of 1.6m can be traced. They are built as a 

The preserved height reaches up to 1m. The wall 

( -
-

Fig. 105. 

Fig. 103. - Fig. 104.  Traces of ancient mining in the area of 

Fig. 106. 
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few fragments of badly damaged amphora sherds 
were found during the survey.

35. Metallurgical Site Karakachanski Kolibi 

35T 549742 4692618

-
-

(

of the ancient mine of Propadnala Voda. The ter-

recent times.

sherds from wheel-made pottery were found over 
an area of 2.5ha ( -
ed easily in the more exposed sections of the dirt 

visible in the surrounding areas covered with 
vegetation.

-
casionally with traces of oxidised copper miner-

-
even distribution of metallurgical remains. Proba-
bly the site represents remains of a complex of pri-
mary smelting installations running with minerals 
from the nearby mines (

Fig. 107. 

Fig. 108. 
wall.

Fig. 109. 
wall.
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36. Mine and Metallurgical Site Propadnala Voda 

35T 550460 4692717

be followed along the lowest sector in the gully of 
Propadnala Voda to continue along the east slope 

to continue along its west side. The site is in a de-

level.

during many years resulted in a rich collection 
of stone tools and a large amount of fragments 
of wheel-made pottery. A couple of fragments 

of querns were also found (one of them of Olyn-

(

Fig. 112. 
site and part of the western half of the ancient mine 

Fig. 110. -

Fig. 111.  Pithos fragments and slags from the metal- Fig. 113.
east.

Fig. 114.  Stone tool for crushing ore uncovered in 
the area of the Propadnala Voda mine.
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crushing of ore too. The pottery from the area of 
the mine dates to the second half of the 6th to ear-
ly 5th

-

fragments of wheel-made pottery and pieces of 
slag were collected.

-

20m (  The visible depth reaches 3m. 

numerous pieces of copper ore. The mine follows 
the ore vein whose richest part close to the surface 
was exploited. Three compact areas oval in shape 
and measuring up to 2m2

pieces were registered in the lower sector of the 

areas also contain stones bearing clear traces of 
heating (
of smelting furnaces.

north-east of the east end of the main mining area 
described above and along the south-east slope of 

above sea level. This mine follows the main vein of 

Fig. 115. 

Fig. 116. 

Fig. 117.  Traces of ancient mining in the area of 
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Propadnala Voda and can be traced for a length of 

1.5m. Its waste dump is on the south-eastern side 
of the trench and contains scattered pieces of cop-
per minerals. Traces of ancient mining and rem-
nants of metallurgical structures were recognised 
in the area of the site.

-
-

th to 5th

715 f.

37. Chiplaka Fortress 

35T 551148 4692560

the ancient mine of Propadnala Voda and 260m 
north-west of the new Sozopol municipal dunghill 
site.

It is orientated according to the compass points 

-

Fig. 120. 

Fig. 118. 
of the Propadnala Voda mine.

Fig. 119. 
the Propadnala Voda mine.

Fig. 121. 
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0.5m to 1m high ( -

of the fortress. This structure has been inserted 
into the main fortification employing its north 
and east walls. The west and south walls of the 

inner fortification are preserved up to 1.5m in 
height and 7m to 8m in width ( -

daub and a small amount of wheel-made pottery. 
In 2017 an archaeological excavation was carried 

face was revealed as well as some segments of the 

mud and arranged in regular manner forming 

the wall faces is filled with smaller stones also 
carefully arranged in rows (
of the walls varies between 1.6m and 2.2m. The 
research in 2017 brought to light numerous ar-

-

Fragments of architectural ceramics – imbrices 
and tegulae – also were found. The artefacts date 
from the mid-5th

4th

Fig. 122. 

Fig. 123.  Stone remains of the southern wall of the 

Fig. 124.  Stone remains of the western wall of the 

Fig. 125. 
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artefacts a stone axe that can be typologically dat-

unambiguously indicates the human presence in 
the area during prehistory. The construction of a 

in the same period that the mines were exploited 

be considered as a complex of a protecting fortress 
and two particular mining and ore processing 
centres.

38. Settlement (?) Bivolskata Saya 

35T 551686 4693186

-

(

Fig. 126. 

Fig. 128.  Cargo amphorae from the excavations at 

Fig. 127. 
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65m to 85m above sea level. Deep gullies (15m to 

with seasonal streams running in them (
The natural access is from the west.

shrub vegetation and during the survey the visibil-
-

anthropogenic origin. Some fragments of pottery 

39. Small ‘Burial Mounds’ Chiplaka 

35T 551346 4692283

slope (

-

an area of about 0.8ha (
structures consist entirely of small to mid-sized 

Fig. 129. -
ta Saya site.

Fig. 130. 

Fig. 131. 
site.

Fig. 132. 
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archaeological artefacts were found on site. Topo-
graphically the structures seem to be related to the 

40. Burial Mound Kokardzhata 1 

35T 549573 4692218

-

(

Kolibi metallurgical centre.

ca. 20m in diameter and 2m in height (
The mound is made of soil without traces of con-
temporary violations. Archaeological artefacts 
were not found on site.

41. Burial Site Kokardzhata 2 

35T 550142 4691852

-

(

-
ranged along an almost straight line of 145m 

(

12m and the height is approximately 1m (
The mound is made of soil. Archaeological arte-
facts were not found. The central tumulus dis-
plays similar features: 8m in diameter and 0.5m in 

Fig. 133. -
ta 1.

Fig. 134. 
the south-west.

Fig. 135. 
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artefacts were not found. The south-east tumu-
lus is 12m in diameter and approximately 1m in 
height. The mound is made of small and mid-sized 

-
ing ( -
chaeological artefacts were not found.

42. Aivadzhik Settlement and Metallurgical Site 

35T 544914 4693378

(

spring of which is very close (

and household pottery was observed (

-
-

per minerals (

-
ic stone tools were found: an adze and a hammer 
displaying the peculiar concavities in the centre of 

-
ic pottery or other artefacts that could be related 
with these tools. 

43. Burial Site Aivadzhik 1 

35T 544460 4692994

Fig. 136. 

Fig. 137. -

Fig. 138. -
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Fig. 139.  Settlement and metallurgical centre 

Fig. 140. -

Fig. 141. 

Fig. 142. 

Fig. 143. 
site.

Fig. 144.  Prehistoric stone tools and fragments of a 
tegula with an imprint of an animal foot found at the 
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with the seasonal stream of a right-hand tributary 
of the Otmanli river.

-
tance of 340m from each other (
The south-west tumulus is 15m in diameter and 
0.5m to 0.6m in height (
made of soil. The central sector of the tumulus is 

grave (

(

the surface probably coming from the settlement.

44. Burial Site Aivadzhik 2 

35T 544859 4693766

-

shallow gully. The area is forested (

Fig. 145. 

Fig. 146.  South-western burial mound of the 

Fig. 147.  Fragments of ceramic building materials 
from the destroyed grave in the south-western burial 

Fig. 148. 



Catalogue of Investigated Archaeological Sites and Mining Places 369

(

1.8ha. It is located at a distance of 190m from the 
northern periphery of site 42 and probably related 

-
es. Archaeological artefacts were not found on the 
terrain.

45. Burial Site Aivadzhik 3 

35T 544882 4694132

-

(
-

tance of 230m from each other. The tumuli are of a 

in height. Their mounds are made of soil. There 

Fig. 149.  Satellite image with the location and bor-

Fig. 150. 

Fig. 151. 

Fig. 152. 
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-
logical artefacts were not found. The burial site is 
760m north of site 42 and is probably related with 
this settlement.

46. Tumulus Aivadzhik 4 

35T 546124 4693514

river (

( -

pit. Archaeological artefacts were not found. The 
tumulus is located 840m east of the north-east pe-
riphery of site 42 and possibly connected with it.

47. Tumulus Balakchiyskata Tumba 

35T 547080 4694709

Fig. 155. -

Fig. 153. 

Fig. 154. 
south-west.

Fig. 156. 
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(

(

artefacts were not found. Satellite images show a 

but it could not be localised when visiting on-site. 
Probably this is a trace of second tumulus of the 
same burial site which has been destroyed by agri-

48. Tumulus Malak Murvat 1 

35T 547678 4689583

(
shrubs (

(
A couple of large boulders appear on the top and 
along the slope. Archaeological artefacts were not 
found.

Fig. 157. 
from the north-east.

Fig. 158. -
vat 1.

Fig. 159. 

Fig. 160. 
the south-west.
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49. Tumulus Malak Murvat 2 

35T 548458 4689780

-
er (
grass (

( -
cal artefacts were not found. Fragments of wheel-
made pottery appear 250m south-east of the tumu-

they are from a non-localised settlement.

50. Settlement (?) Veselie 

35T 552416 4688836

on a slightly sloping terrace facing south (
The site is located in the upper sector of the west 

Fig. 161. 
 Murvat 2.

Fig. 162. 

Fig. 163. 
the south-east.

Fig. 164. 

record.
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-
grown with grass (

on an area of 1.6ha: amphora sherds and wheel-

nature of the terrain cover (

-
tica. It can also be associated with the burial site 
located 280m to the south-west.

th to 4th

51. Burial Site Veselie 1 

35T 552135 4688786

The terrain is overgrown with grass.

each another (rising at a distance between 23m 

situated 230m to the north-east of the periphery 

it (
is 20m in diameter and 2.5m to 3m high (
The tumulus is made of light brown clay soil. 

depth of 1.5m in the central sector of the tumu-

traces of a destroyed grave structure. The south-

and 1m high (
brown clay soil. There is a 0.5m deep treasure 

Fig. 165.  Satellite image with location of the settle-

Fig. 166.  View to the Veselie site from the south.

Fig. 167. 
the south.

Fig. 168. 
north.
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and a damaged fragment of a wheel-made vessel 
were found around the ditch. The south-west and 

less visible on the terrain and are not affected by 
treasure hunters. Archaeological artefacts were 
not found.

th to 4th

52. Lobodovo Kale, Fortress 

35T 553593 4689127

centre of Veselie village on the intersection of 
three communities: most of it is situated in the 

-

Sozopol municipalities. The fortress rises in the 

above sea level (

that follows the configuration of the terrain. It 

covers an area of 0.13ha. The walls are built of 
-

ry (
about 1m at an average width of 2m. In the inte-

-
ological artefacts were found. The fortress con-

the mountain.
st

53. Lobodovo Kale, Burial Mounds(?) 

35T 553739 4689047

-

-

terrain is wooded.

of positive terrain anomalies of similar dimensions 
-

Fig. 169. 
burial mounds.

Fig. 170. -
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the south-east slope were visited. They are small 

archaeological artefacts were not found during the 
visit. Topographically the structures can be related 

54. Burial Site of Veselie 2 

35T 552356 4689705

villages. The burial site is 201m to 226m above sea 

the south-east (
(

-
ed 210m apart (
is 18m in diameter and 2.5m high. The mound is 
made of stone and earth. There is a treasure hunt-

-
tefacts were not found. The south-east tumulus is 

and ca. 1m in height. The mound is made of soil. 
-

tor with a visible depth of 1m. Archaeological arte-
facts were not found.

Fig. 171. 

Fig. 172. 

Fig. 173. -

Fig. 174.  South-eastern burial mound from the Ve-
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Fig. 175. 

Fig. 176.  Surface structure of a small group of stone 

Fig. 177. 
group.

Fig. 178. 

Fig. 179.  Surface structure of a group of small stone 

Fig. 180. 
group.
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55. Small ‘Stone Mounds’ Ravadinovo 1 

35T 552709 4690158

-

ravine 570m north-east of the Veselie 2 burial site 
(

are more than 30 positive terrain forms of similar 
dimensions on an area of about 4ha and it is clear 
that in the lower part of the slope near the ravine 
the structures are much more densely arranged 
(

and 0.3m to 0.6m high (
-
-

tion of these structures remain unclear.

56. Small ‘Stone Mounds’ Ravadinovo 2 

35T 553671 4690367

-
ity 150m to 170m above sea level located in the 

(

of about 1.7ha more than 30 positive terrain forms 
of similar dimensions on a gentle slope have been 
detected. Compared with other similar complexes 
these (
much more tightly. Twelve structures were visited. 
All of them are made of small and mid-size rough 

0.8m high (

curve at its south-western end and can further be 

traced over 25m in south-east direction. The func-

its structures remain unclear.

57. Dobrovitsa Settlement (?) and Burial Mound 

35T 556534 4 90234 (Settlement) 

35T 556591 4690246 (Tumulus)

the building of Sozopol municipality. It is locat-

east above the catchment of two small streams 
(
tree vegetation.

Fig. 182. -
brovitsa mound.

Fig. 181. 
mound Dobrovitsa.
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two elements: traces of a settlement and a tumu-

-
ering an area of 0.4ha. The dimensions of the seg-

the south-west 43m. The structure is made of mid-

with a width of up to 5m and a height of 0.5m to 

visible. Two of the collapsed stone settings are cut 

two rows of well-arranged stones preserved in situ 
 Along the bed of 

the cart roada few fragments of wheel-made pot-
-

site. There are records that large pieces of slag 

-
ably due to poor visibility. The tumulus is about 
40m east outside the stone enclosure. It is 16m in 
diameter and 1m high. Most of it was destroyed 

2 

tightly arranged in place around the steps of the 
-

registered in the south-west profile of the large 

-
low depth. Probably it dates later than the original 
tumulus. At the bottom of the large ditch there is 

0.4m and a depth of 1m. A layer composed of coal 

depth of 0.4m. This layer might be associated with 
the primary burial of the tumulus or relates to the 

numerous fragments of handmade and wheel-
made pottery (

58. Malkoto Kale Fortress and Burial Site 

35T 556113 4687567 (Fortress) 

35T 555996 4687567 (Burial Site)

Sozopol municipality building in the southern 

Fig. 183.  Pottery fragments from 

destruction at the base of the Do-
brovitsa mound.
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west through a saddle. The fortress has a good 
view to the sea coast in the east and north-east. 
The terrain is wooded.

-

-

-

from the south-west is arranged between two large 
boulders ( -

sherds and fragments of architectural terracotta. 
The fortress was studied archaeologically in the 
years from 1972 to 1978. Four periods of habitation 

-
ly Iron Age and contains artefacts from the 9th to 
6th -
struction were revealed. The second period of hab-
itation in the fortress is from the 6th to 5th

The pottery found within the cultural layer was 

The third cultural layer dates from the late 4th to 

mid-2nd

this time the fortress became a part of the Apollo-
nia chora
and the lower settlement also developed. The Hel-

mould and a blower nozzle testifying to metallur-
gical activities carried out on-site. The end of this 

-

th to 6th

-
tress were registered about 180m south and south-
west of the fortress along the terrain of the saddle 
and the western slope. Two tumuli were explored. 
They were found to be made of earth with stone 
circles around them (
stone circles contained burials from the Hellenistic 
period. In 1977 a complex of stone structures was 

Fig. 184. 

Fig. 185. 

Fig. 186. 
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registered north of the fortress. During the next 

studied but burials were not found. One of them 

wheel. The function and the precise date of the 

unclear. The numerous small mounds at the foot 
-

plexes of stone structures registered elsewhere in 

whose purpose and function also remain unclear.

59. Alepu Settlement 

35T 559441 4688768

Sozopol municipality building. It is situated 1m 

the coastal dune about 20m away of the contem-
porary coastline between the Alepu marsh and 
the southern end of the beach of the same name 

Fig. 187. 

Fig. 188. 
the north-west.

Fig. 189.  Pieces of copper ore from the prehistoric 
settlement Alepu.

Fig. 190.  Chipped stone artefacts from the prehistor-
ic settlement Alepu.
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(

crossed by the old asphalt road from Sozopol 

waves reach it and gradually destroy the archae-
ological site.

-
es of copper ore (
(
prehistory appear between the asphalt road and 
the beach on an area of about 0.2ha. A cultural lay-

pottery fragments and in situ remains of a hearth 
-

the marine abrasion. The layer is lying above yel-
low clay ground and is covered with sandy soil and 
sand. The cultural layer bears traces of habitation 
during late prehistory. The north-east sector of the 
zone containing prehistoric artefacts is intersect-
ed by three or four parallel rectangular trenches 

-
lar to the trenches explored in other places on the 
territory of Apollonia Pontica and interpreted as 
traces of ancient agricultural activities.

944–948.

60. Fortress Chivridzhika 

35T 559529 4685316

within its lower course is situated nearby.
-
-

gle of an area of about 800m2 with a length of 30m 

-

( -

fortress has a visual connection with Valchanovo 

-
-

Fig. 191. -
ments  from the prehistoric site Alepu.
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61. Settlement and Tumulus Salihlyarskata 

Mogila 

35T 557224 44 681122 (Settlement) 

35T 557228 4681115 (Tumulus)

site (

prehistory and a tumulus built on top of it. Arte-
facts from the 18th to 19th cent. AD appear along 
the western slope of the elevation probably be-

-
torical sources. Fragments of handmade and 

found in an area of 1.3ha (
artefacts are concentrated mainly in the eastern 
sector of the area next to the tumulus. On the 

-

soil containing a high concentration of pieces of 
daub and prehistoric handmade pottery. Its di-
ameter is 30m and its height about 1.5m. In 2013 

and scattered human bones and modern arte-
facts found at its bottom. Few human bones were 
also found west of the dirt road. They probably 
come from burials destroyed during agricultural 
processing.

Fig. 192. 

Fig. 193. -

Fig. 194. 
mound at the Salihlyar site.

Fig. 195.  Settlement and burial mound at the Salihl-
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-
man period.

Fig. 196. 

Fig. 198.  Prehistoric chipped stone artefacts from 
the settlement at the Salihlyar site.

Fig. 197. -
ment at the Salihlyar site.
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62. Burial Site Salihlyarskata Mogila 

35T 557456 4681652

and its southern slope (

terrain is wooded.

apart. The southern tumulus is about 20m in di-
ameter and 2.5m high. It is destroyed by a treas-

-

-
ological artefacts were found on site. The second 
tumulus is located 250m north-east of the first 
one. It is 25m in diameter and 3m high (
Its central part and periphery are destroyed by 

-

found on-site during the visit in 2015. In 2017 the 

and D. Pantov. Two stages of accumulation were 
established. A stone structure of unclear function 
was revealed at its base. A layer of coal and trac-
es of combustion associated with the stone struc-
ture were discovered. A bronze dagger (

a secondary burial. A third mound on the south-
-

high. The tumulus contained a destroyed rectan-
gular grave structure oriented according to the 
cardinal points. The structure was built of rec-
tangular well-shaped stones (
had a mortar coating on a padding of pottery frag-

found in the north-east corner of the stone struc-
-

Fig. 199. 
Salihlyar site.

Fig. 200. -

south.

Fig. 201. 
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harness was discovered (
dating from the late 4th to early 3rd

also found near the artefacts described above. A 

eastern periphery of the tumulus. Three areas 
with a concentration of amphora fragments and 
imported and local table pottery were explored in 

the south-west sector of the tumulus. The ampho-

and Sinope. They are dating from the second half 
of the 4th to the early 3rd

Fig. 202. 
horse bridle uncovered during the 
excavations at the northern mound 
of the tumulus necropolis (after 
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René Kunze and Ernst Pernicka

Pre-Industrial Mining in Medni Rid

Geochemical Analyses

Morphological and Geological Setting1

The ore mineralisations of the localities under 
study are manifold but are predominantly oxi-
dised. They occur as hydrothermal veins which 

-

 

can be noted by visible changes ranging from 
changes in colour and consistency to a complete 

-
ies are steeply and subvertically lying linear struc-

-

-
nised by their characteristic ochre hue which is 
bleached in colour sometimes either orange or 

-
ies over several metres.

appear glassy or amorphous. Judging from their 
colours they seem to consist of secondary copper 

1

minerals that could be either copper carbonates 
-

which comprise a large group of chemically varia-
-

ic differentiation is difficult. The glassy appear-

-

areas.

Samples

Altogether fist-sized ore samples from various 
mineral occurences2

3 -
rounding hinterlands4 (
using a double-focusing mass spectrometer with 

lead isotope ratios as well as instrumental neu-
-

-

localities were documented and coordinates were 
noted ( 5

2 A mineral occurence describes a locality where a min-
eral is found but without any resource implication on size 
or exploitability such as a deposit.
3

4
5
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have been shown to have been exploited during 
prehistoric times were also included.6 Published 

crushed in order to remove gangue material and 

concentrated and finely ground in a ball mill 
( -
nised and split into aliquots for the different ana-
lytical methods.

mainly of pieces of ore from various pits rang-
-

ash- and clay-filled pits with numerous finds of 

well as a few pieces of copper ore (mostly mal-
-

lithic period is represented by a large number 

6
-

evidence of copper smelting and producing of ar-

derived from the Thracian period (6th

-
ed over at the museum in Sozopol. In the field 
survey copper slag was encountered at two sites 

-
-

would irrespective of their dating provide lead iso-
tope ratios after smelting and would thus indicate 
any changes due to the technological processes.

K.  Dimitrov.  Hadzhidimitrovo is a large prehistor-

an area of more than one hectare more than 250 
-

-

Fig. 1.
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recovered. Their mineralogical composition with 
intergrowth of malachite with garnet and diop-
side was interpreted as indicating a provenance 

-

this area may have also been exploited during 
the 5th -

-
ry copper deposit that is characterised by a large 
amount of low-grade copper.

-
riched copper ores occurred in the oxidation 
zone of the deposit near the surface. The site of 

to the  Karanovo III–IV and Karanovo IV periods. 
-
-

tuaries. A piece of copper ore (‘a common feature 

from this piece.

exploited since antiquity due to its wealth in raw 

region which are morphologically easily distin-
guishable from their natural surroundings. The 

often have the appearance of ditches or trenches 
due to the subvertical structure of the ore bodies 

-
lapsed shafts indicating locally-confined under-
ground activity or experimental mining activity.7 
An extensive and involved excavation of a mining 

7 For standard terminology see the chapter on methodol-

Fig. 2. 

-
307–326.
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No. Lab no. Orig. ID Material Site Context I Context II Relative 
 Chronology

1 MA-135447 1 

Slagged 
crucible 
wall with 
malachite 

Cheiri Settlement Karanovo VI 

2 MA-135448 2 Malachite Cheiri Settlement Karanovo VI 

3 MA-135449 3 Malachite Cheiri Settlement Karanovo VI 

4 MA-135450 4 Malachite Cheiri Settlement Karanovo VI 

5 MA-151990 5 Copper prill 
Cheiri Settlement Karanovo VI 

6 MA-135451 6 Malachite Settlement Sq: C3 

7 MA-135452 7 Malachite Alepu Settlement Surface 

8 MA-135453 8 azurite Va Mineral- 
isation  

9 MA-135454 9 Malachite Mineral- 
isation  ancient mine 

10 MA-135455 10 Malachite Atiya Metallurgi-
cal site 

Metallurgical 
site 

11 MA-141987 11 Malachite Mineral- 
isation  ancient mining 

trench 

12 MA-141988 12 azurite Va Mineral- 
isation  

13 MA-141989 13 Malachite Propadnala 
Voda 

Mineral- 
isation  

14 MA-141990 14 Malachite Mineral- 
isation  

15 MA-141991 15 Malachite Aibunar Mineral- 
isation  

19 MA-141992 16 Malachite Mineral- 
isation  

21 MA-145532 19 Malachite Mineral- 
isation  

22 MA-145533 20 Malachite Propadnala 
Voda 

Mineral- 
isation 

23 MA-145534 21 Slag Propadnala 
Voda 

Mineral- 
isation 

24 MA-147715 22 Malachite Propadnala 
Voda 

Mineral- 
isation 

25 MA-147716 23 Malachite Propadnala 
Voda 

Mineral- 
isation 

26 MA-147717 24 Malachite mt. 
Mineral- 
isation 

28 MA-147718 25 Malachite Propadnala 
Voda 

Mineral- 
isation 
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No. Lab no. Orig. ID Material Site Context I Context II Relative 
 Chronology

29 MA-147719 26 Malachite Kyumyurla- Mineral- 
isation  

30 MA-147721 28 Malachite 
Kyumyurla-

- Metallurgi-
cal site Smelting site Antiquity 

37 MA-147722 29 Malachite Propadnala 
Voda 

Mineral- 
isation  

53 MA-147723 30 Malachite Kladenche 
Mineral- 
isation  mining trenche 

54 MA-152442 37 Malachite Propadnala 
Voda 

Mineral- 
isation  

55 MA-152458 53 Malachite Hadzhidi-
mitrovo Settlement 

56 MA-152459 54 Malachite Hadzhidi-
mitrovo Settlement 

57 MA-152460 55 Malachite 
 

2 
Settlement 108 

59 MAMS- 
24609 56 charcoal 

Kyumyurla-
- Metallurgi-

cal site wood in copper 
slag 

61 MAMS- 
27894 57 charcoal 

Kyumyurla-
- Metallurgi-

cal site wood in copper 
slag 

62 MA-133042 Ac 67 Malachite Cheiri Settlement Swimming pool 
site 

-
colithic 

63 MA-133043 Ac 69 Malachite Cheiri Settlement Swimming pool 
site 

64 MA-133044 Ac 70 Malachite Cheiri Settlement Swimming pool 
site 

65 MA-133045 Ac 110 Malachite Cheiri Settlement Pit 20 

66 MA-133046 Ac 116 malachite Cheiri Settlement Pit 28 Karanovo VI 

67 MA-133047 Ac 118a malachite Cheiri Settlement Pit 28 Karanovo VI 

68 MA-133048 Ac 119b adhering 
slag 

Cheiri Settlement Pit 28 Karanovo VI 

69 MA-133049 Ac 119b ceramic 
material 

Cheiri Settlement Pit 28 Karanovo VI 

70 MA-133050 SoMu Copper Cheiri? Settlement 
Sample from 
Sozopol muse-
um 

Thracian period 
(6th

Table 1. Overview of the analysed samples.
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Fig. 3.  Photographs of some analysed samples with ID numbers (see
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Fig. 4.  Photographs of some analysed samples with ID numbers (see 
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trench was therefore not performed since the 

collection of ore samples and a survey of possible 
smelting sites.

It was above all the modern mining activity 

material from locations with signs of pre-modern 
extraction.8 -
als are still scattered over the surface around the 
modern mining installations and could be col-

been relatively easy to exploit the conspicuously- 

-
-

quently exploited ore mineralisations exposed on 
the surface.

Methodology

The pioneers of trace element analysis of archae-

-
er be identical in their mineral composition and 

8
-

ing trenches.

-
oretically be possible that all copper artefacts could 

-
ly because of the large variability of ore deposits at 
the micro- and the macro-scale leading to the sub-
stantial overlap of trace element concentrations. 

-

followed along these lines – the SAM project (Stu-

aim to identify the geological sources of prehistor-

of the geological source of the metal would not be 
possible due to the large number of analyses re-

it was thought that the complexities induced by the 

compositional groupings of metal objects to study 
their distribution in space and time.

-

-

-
cal techniques became available that were more 
sensitive and more precise than the previously 

Fig. 5. 
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-

results in highly variable lead isotope ratios even 

-
ually produce 206 207 208 204Pb. 

be used to calculate a geological age of formation 
of the deposit where one assumes that after for-
mation the deposit is a closed system with respect 

called common lead that was included at the time 
of formation of the deposit. Since the mixing ratios 
of radiogenic and common lead depend on the   

-

the microscale resulting in a wide range of cor-
related lead isotope ratios in samples from the 
same deposit. An example of such a complication 
for provenance studies are the copper deposits 

-
uation is not confined to the copper ores of the 

the Old World that show a similar spread of lead 

-
ably many others.

concentrations of uranium were indeed found 

Ore Field.9

values in some of the examined samples. Although 

may be different in different regions so that a 

9 Our own investigations confirm that the ore from 
Propadnala Voda is characterised by elevated radiation 

prevailing optical emission spectrometry and 
the combination of geochemical and metallurgi-

the behaviour of trace elements during smelting 

methodological approaches has resulted in sev-
eral examples of successful provenance studies 
where the geological sources of prehistoric copper 

Lead Isotope Ratios

-
composed with mineral acids and from the re-

isotope composition of lead remains unchanged 
during ore processing and smelting and there-
fore ensures direct comparability of ores and ar-

the unsmelted copper ore originates from a  single 
deposit and was not blended with copper ore 

-
curred from another deposit and during recycling 

summarised in table 2.
It is an important requirement for the appli-

cation of lead isotope ratios for provenance stud-
ies that the variation within a certain deposit is 
smaller than the variation between all deposits 

-
mation of a metal ore deposit involves not only 
the concentration of a metallic element but also 
the separation from uranium and thorium so that 
no further measurable changes of the lead isotope 
composition occurs within the deposit during its 
geological lifetime. This is actually the basis for 
the success of the method as many deposits ex-
hibit relatively small variations in the order of a 
few per mille while the overall range of lead iso-

-

copper deposits with very low lead concentra-

ore can be altered by lead that may have been 
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suite of copper objects that are supposed to derive 
-

ed to it by their lead isotope ratios. The abundance 
ratios of 207 206Pb vs. 208 206Pb and 206 204Pb 
vs. 207 206Pb can be used to identify character-

are plotted the 207 206Pb vs. 208 206Pb ratios of 

that were exploited during the Copper Age. Iso-
topically rather similar signatures of lead within 

each deposit combined with larger differences 
between deposits allow for a clear differentiation. 

study show very good agreement with the data 
from the literature so that the pooling of the data 

relationship.
The investigated individual deposits in the 

-
-

Fig. 7.  Diagram of the 207 206Pb isotope ratios compared with the 208 206 207 206Pb 
 compared with 206 204 -

Fig. 6. 
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between regional and supraregional deposits and 
thereby also corroborate earlier investigations by 

-
lithic copper artefacts and suggested that they may 

deposits cannot be distinguished by their lead iso-
tope ratios even when a suite of samples is availa-

of the deposit is very similar.
-

entiate between smaller areas within the  Medni 

each individual mineralisation is too small to 
consider them fully characterised. While Propad-

-

-
ability. This may suggest that not all copper min-

-

locality could well derive from the same ore vein.
There seems to be a problem with our locali-

-

but do not agree with the three samples from this 

actually refer to sites located nearby (for instance 

As yet is was not possible to identify remains 
of chalcolithic mining in the field in the Medni 

-

-

-

Fig. 8.  Comparison of the lead iso-

-
bles from the chalcolithic settlement 

sample of copper ore each from the 

also analysed and plot in the region 
of 208 206
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-
vides a good match for the samples from the ar-

-
sible ore sources although both were certainly 
exploited in antiquity but apparently not in the 
Chalcolithic. The most prominent chalcolithic cop-

-

and the chalcolithic settlements of the same area. 
-
-

also has radiogenic lead (
-

per minerals found at Hadzhidimitrovo could de-
rive from the large porphyry copper deposit of 

-

Since the lead isotope ratios of Prochorovo resem-

-
sible source (

during this study. The agreement is less good for 

-
posed ancient mining traces on the surface.

Chemical Composition

The major and trace element concentrations as 
determined by neutron activation analysis are 
summarised in table 3. It is often maintained that 
chemical analyses alone will not allow copper- 
alloy artefacts to be matched to their parent copper 

where the trace element pattern may be more in-
dicative of an ore source than lead isotope ratios. 

chemically homogeneous but shows wide vari-
ations in its lead isotope ratios (Hauptmann et al. 

-

sets of data – lead isotope ratios and trace element 
concentrations – will provide better discrimina-

metallurgical considerations have resulted in a rel-
atively small number of elements that are useful 

-
ly when it can be assumed that mostly oxidic ores 
were used. Their reduction to copper metal is quite 
straightforward compared with the processing of 

Fig. 9. 
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below the melting point of copper and most ore 

-

Since the absolute concentrations of trace el-
ements in ore samples are of limited value for 

-
cussion is based on ratios of trace element versus 
copper concentrations in order to ensure compa-

for chalcolithic copper production only very rich 

samples with more than 10% copper were consid-
ered in this discussion with the exception of two 

and 2.5% copper. The trace element patterns in 

between the various sample locations within the 

-

between those three deposits in their lead isotope 

isotope ratios differ in their contents of the same 
-

tiated by the analysis of more ore samples. There 
is furthermore an indication that the ore samples 

-

-
tory but also in the Middle Ages. A large slag pile 

copper slag. Thermoluminescence and radiocar-
bon dates from this slag pile yielded ages between 

a single sample of copper ore from this location 

-
ples that were analysed by neutron activation also 

Fig. 10.  Comparison of the relative 
trace element contents (normalised 

-

sites to test whether the locations 

not possible.
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contained more arsenic and antimony than the 

Of major interest is the comparison of archae-
-

compared with the concentration ranges of ele-
ments which are indicative for provenance in cop-

complete overlap with the exception of three sam-

-

of ore samples is certainly too small for complete 
coverage. It is also noteworthy that the copper 

-
deed consists of smelted copper. The distinction 

the second half of the 6th -
colithic in the second half of the 5th

is thus roughly contemporary with the earliest ev-

suggested that very low trace element concentra-
-

which is also in line with geochemical considera-

-
-

ent in its trace element pattern with copper ores 

cobalt than is usually found in native copper so 
that it may be concluded that it consists of smelt-

copper smelting by a few centuries into the late 
6th

The combined results of the lead isotope and 
trace element investigations are indeed a very 

Chalcolithic and that copper was produced from its 

Fig. 11.  Comparison of the ranges 
of trace element contents (normal-

from mineralisations in the Medni 
-

per ore samples and one copper 
sample from the chalcolithic settle-
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these authors suggest that the smelted ore was 
rich in sulphides and iron which is not the case 

copper ore deposits generally contain mixtures of 
-

be enriched in the remaining slag. An interesting 
observation was the presence of high contents of 
molybdenum in some slag samples. This needs to 

et al. this volume
to the trace element pattern used to establish a re-
lationship between ores and metal.

Discussion and Conclusion

-
lithic and Chalcolithic copper objects from various 

far only two other copper mineralisations with ra-
-

-

Fig. 12. 
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compilation of radiocarbon dates and archaeolog-

turn of the 5th

-

-
tefacts are compared with copper ores from the 

plot exactly along the trend line of the ores from 

more scatter along the same trend line (

measurement had improved substantially due to 
new instrumentation that was not available when 

a clear differentiation between the two copper 
sources may not be possible when the 208 206Pb 
ratios are below 2.04.

Here we can again use the trace element pat-
tern (
between the two chalcolithic copper sources by 

shows that the trace element patterns of most cop-
per objects with highly radiogenic lead are con-

that matches the geochemical characteristics of 

-

produce copper metal. It has been suggested that 
the relatively small deposit was mainly mined for 
malachite as a mineral for the production of beads 

Most of the copper objects with highly radio-
-

-

and most others more precisely due to the publi-

summary of the dates in table 4 it transpires that 
the copper with highly radiogenic lead is mainly 

Fig. 13.  Comparison of the lead iso-
-

colithic copper artefacts with copper 

plot precisely along with the trend of 
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Fig. 15. Comparison of the ranges 
of trace element contents (normal-

from mineralisations in the Medni 

-
-

colithic copper objects from sites 

Fig. 14. 

objects above a value of ca. 2.04 for 
the 208 206Pb.
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Lab no. Site Object Context Period Subperiod 

HDM 1930 Devnja Hammer axe Varna II–III 

HDM 1946 Hamangia IV 

HDM 1976 MC Hamangia IV 

HDM 1980 Varna I 

HDM 1988 Varna 

HDM 1994 Varna I 

HDM 2005 Finger ring Hamangia IV 

HDM 2017 Varna 

HDM 2023 Varna I 

HDM 2024 Varna I 

HDM 2091 

HDM 2127 Varna I 

HDM 2716 Smjadovo 

HDM 2125 Varna I 

HDM 1922 Chisel

HDM 1947 Varna 

HDM 1949 Varna III 

HDM 1962 Finger ring Varna II–III 

HDM 1965 Hamangia IV 

HDM 1968 Varna I 

HDM 1973 Varna II–III 

HDM 1974 Finger ring Varna I 

HDM 1980 Varna I 

HDM 1993 Varna I 

HDM 1995 Varna I 

HDM 2000 Finger ring Hamangia IV 

HDM 2002 Finger ring Varna I 

HDM 2008 Finger ring Varna II–III 

HDM 2014 Varna 

HDM 2018 Varna I 

HDM 2028 Finger ring Hamangia IV 

HDM 2031 Finger ring Varna I 

HDM 2137 Finger ring Varna I 

HDM 2062 Uncertain

HDM 2063 

HDM 2085 
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Lab no. Site Object Context Period Subperiod 

HDM 1483 Selevac Copper prill Hamangia III 

HDM 1494 Selevac Copper prill Hamangia III 

HDM 2702 Heavy axe MC 
-

bly contempory 

HDM 1481 Selevac Malachite Hamangia III 

HDM 2036 Spiral ring Varna I 

Table 4. -

period to which also the cemetery Varna I belongs.

-
gia IV period to Varna I as defined by Todoro-

-
-

89–

-

graves are designated either as Varna I or as Var-
na II–III for which she sees the closest parallels in 
the cemeteries of Devnja and Varna I.10 Since the 
absolute dates of the Varna I cemetery can now 

-

dated earlier and would thus overlap with Karano-
-

89– -

distinguish themselves in terms of trace element 
concentrations (
drawn from these diagrams:

Varna cemeteries vary in their chemical com-
positions and can be separated from each 

10 -
-

ly earlier burial site Varna II.

can be classified into several compositional 

surprising considering the long-lasting use of 

from Varna I are compositionally relatively 

concentrations. Arsenic is generally very low 
with a few outliers that may derive from an-
other deposit.

-

-
tent with the examined copper objects from 

antimony contents lower.
This is confirmed by the lead isotope ratios 
(

and only partially overlap with Varna – even if 
-

-
-
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contributed. There are numerous overlaps with 
-

ing in terms of the compositional groupings by 
K. Dimitrov.11

11 The examination of the copper implements from the 

numerous compositional types of copper. K. Dimitrov distin-

Fig. 18 shows the lead isotope ratios from Du-

-

can safely claim that one of the metal groups from 

Figs. 16. 

Figs. 17. Diagrams of 206Pb normalised isotope ratios from the analysed copper samples from the area under 
-
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these deposits.

for small-scale local copper production. This re-

as the major centre for raw material and metal-

but it provided at least one metal variety for the 
-

ic cemetery of Varna I.
It seems that the raw material deposits of 

green minerals and even for copper production 
at the transition from the 6th to the 5th

-

surface. Due to the rather low copper contents in 

-
cause this copper with a characteristic geochem-

Fig. 18.  Diagram of the 206Pb normal-
ised isotope ratios of the analysed 
copper samples from the surveyed 

-
lysed copper object from the burials 

a matching distribution of copper 

A4–AC1.

the Danube. Maybe copper minerals were also 
exported for other applications as indicated by 

-
posits with much higher copper yields were ex-

-

René Kunze

Halle-Wittenberg
Institut für Altertumswissenschaften

und Kunstgeschichte

Ernst Pernicka
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Raiko Krauss, Ernst Pernicka, Kalin Dimitrov, René Kunze, 

and Petar Leshtakov

The Transregional Significance of the South-East 

Bulgarian Copper Deposits

-

The investigations in the region of the copper de-

half of the 5th -

can observe a preference for green minerals such 
-

begins with the mechanical processing of green 
copper minerals to form small beads and objects 
with amulet character. This may have eventual-
ly resulted in smelting and processing of copper 

-
lithic as indicated by metallurgical remains such 

-

with enclosed copper particles (
same site derive two small copper pins that prove 

(
of the earliest records for extractive copper metal-

underlining the early spread of copper metallurgy 

that the cultural and technological development 

the 6th

an extractive copper metallurgy throughout the 

traces of pre-industrial mining in the form of huge 

well as remnants of smelting activities were re-
corded at various sites in the study area. Surface 

scale extraction of copper ore began only with 

-
cast mine could safely be assigned to prehistoric 

-
carbon dated to the transition from the 4th to the 
3rd -

-

raises the question of how the exploitation of the 

th

was organised. Despite intensive modern in-

in considerable quantities on the surface. The 

Age may be explained by abundant outcrops that 

at shallow depth without deeper interventions.  
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It is quite possible that the ancient opencast mines 
could have permanently destroyed traces of near- 

-
-

in the Srednogorie to the Copper Age postulated 
-

the extraction of copper ore. The settlement con-

-
texts of two heavy copper implements allegedly 

also be critically evaluated because they belong to 

about the chalcolithic date of the major mining 
-

ploitation of the site in the 5th

-
ploitation with large-scale shafts was indeed prac-
tised. It seems quite possible that the gathering of 
native copper and rich minerals on the surface 

catchment area where copper tools and imple-

-
per supply from the ore deposits along the south-

-

these quantities with the copper produced in the 
-

Fig. 1.  Pyrotechnical 
installation at the site of 

Fig. 2. 
Cheiri.
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the importance of copper deposits of the southern 

-
tacts are made by sea.

This resembles a situation similar to the sup-
ply of gold to the chalcolithic societies in the 
5th -
parent that gold served as a major indicator of in-
dividual wealth. The new evaluation of the inter-

items rarely appear in the graves while the num-
ber increases exponentially throughout during the 
development of the burial place. The prospection 
and exploitation of gold represent an invention 

gold metallurgy during the Chalcolithic. Contra-
ry to the previous assumption that the gold from 

revealed no evidence that this activity was prac-

from Varna reveal a chemical pattern that clearly 
points to placer gold exploitation from stream sed-

-
dium and tin are considered as characteristic trace 
elements that indicate the exploitation of such 
gold placers from stream sediments. Since prima-
ry gold deposits are usually not associated with 
platinum group minerals and tin their presence in 
prehistoric gold is usually explained by weather-

Fig. 3. th  
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-
-

rivers and streams it is unavoidable to include 

nuggets are generally not pure but may contain 

-

and locally even the copper minerals azurite and 
-

neously composed placers are homogeniszed by 
and melting and then cast into artefacts. Since it 
can safely be assumed that gold dust (an accumu-

-

many impurities dissolve in the gold matrix and 
form specific trace elemental patterns that we 

several of these placer occurrences have been doc-

it was previously assumed that the gold was im-

point to the regional potential for gold supply dur-
ing prehistory.

that can be recognised from the various commod-
ities at Varna also support a more regional supply 

-

-

dealing with the control of a small social elite over 

supply of materials from various sources far from 
each other.

6th and 5th

transport can still be considered as one of the most 
important distribution channels for metal. The 

-

the evidence of the production facilities is missing 

is not a single tell settlement or even a larger site 
of the Copper Age in the wider surrounding of the 
copper deposits. The nearest tell settlements of 
Kameno and Kozareva Mogila are located at dis-

-

deposits seems to have stretched almost exclusive-
ly to the north. The adjacent region of the south-

-

-
nected to the copper sources as the coastal areas 

an exponential increase in demand for metal in 
-

-

5th

in north-western Anatolia in this period is the site 

actual cultural centres of the Chalcolithic.

Raiko Krauss
Institut für Ur- und Frühgeschichte und 



423

Ernst Pernicka

Kalin Dimitrov
-

René Kunze

Halle-Wittenberg
Institut für Altertumswissenschaften

und Kunstgeschichte

Petar Leshtakov

Bibliography

-

-

-

 

-

-



Raiko Krauss, Ernst Pernicka, Kalin Dimitrov, René Kunze, and Petar Leshtakov424

-

-

 

-

-

2775–2787.

-



425



rk SFB 1070
RessourcenKulturen

ISBN 978-3-947251-28-5

This volume presents the results of research on pre-industrial mining in the region 

along the south-eastern Bulgarian Black Sea coast. During rescue excavations some 

prehistoric settlements with traces of early copper processing were uncovered. This 

initiated a thorough investigation of the copper ore deposits of Burgas, Rosen and 

Medni Rid that were mined until recently. Their archaeometallurgical investigation 

was a project of the Tübingen SFB 1070 ResourceCultures. The research results include 

an overview of the archaeological research along the southern Bulgarian coastal zone 

of the Black Sea and the now flooded sites in its shore area. The timeframe ranges 

from the earliest use of metals in the 5th millennium BC to the period of the ‘Greek 

Colonisation’ and later.

PREHISTORIC MINING AND METALLURGY AT THE 

SOUTHEAST BULGARIAN BLACK SEA COAST

RESSOURCENKULTUREN 12


