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ABSTRACT

Portable X-ray fluorescence (pXRF) spectrometry was used to obtain source determinations for 11 obsidian ar-
tefacts from five archaeological sites in Bulgaria. The results show that all the archaeological specimens can be
linked to obsidian sources in the Carpathian Mountains in the border region between Hungary and Slovakia.
Obsidian from the C2E source in Hungary occurred in very early Neolithic contexts at Dzhulyunitsa, while the
majority of samples from later contexts at Ohoden, Dzherman and Varna came mainly from the Slovakian (C1)
source. The data hint at a shift from the use of C2 obsidian in the Neolithic before 5900 cal BC, to a preference
for C1 obsidian in later periods —however, more finds and better contextual and chronological data are required
to verify this trend.
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Introduction

Obsidian is a rare material with only a few known geological sources in Europe and
neighbouring regions of Southwest Asia. Since most sources have a unique geochemical
composition, the origin of the obsidian used for the manufacture of artefacts found in ar-
chaeological sites can usually be determined by comparing the elemental composition of
individual artefacts with that of geological samples from known source locations.

Previously, we reported on the occurrence of small numbers of obsidian artefacts in
prehistoric sites in Bulgaria, and summarized the results of portable X-ray fluorescence
(pXRF) analysis to obtain source determinations for the artefacts (Bonsall et al. 2017). In
this paper, we provide further information on the Bulgarian finds and their archaeological
contexts, and describe in more detail the method and results of the pXRF analyses.
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Fig. 1. Site locations in relation to major obsidian source areas (base map: Google Earth 7.0, viewed
8 June 2016): Da — Dzhulyunitsa; Dn — Dzherman; O —Ohoden; V — Varna
Oo6p. 1. Pasnoroxketiue Ha obexmuime om npoy4eanemno 6 KOHMeKcma Ha 0CHOGHUIME pezuoHu ¢
o0cuduariosu naxoduua (kapma — Google Earth 7.0, om 8.06.2016): Da — Axyatonuua;
Dn — Axepman; O — Oxoden; V — Bapra

Archaeological context

The obsidian artefacts that are the focus of the present paper came from five archaeo-
logical sites — Ohoden-Valoga, Dzhulyunitsa-Smardesh and Varna cemeteries I and III in
northern Bulgaria, and Dzherman in the southwest of the country (fig. 1).! At Ohoden,
Dzhulyunitsa and Dzherman the obsidian pieces were recovered from Early Neolithic con-
texts, while the Varna finds have Late Chalcolithic associations.

Ohoden-Valoga

This Early Neolithic site, near the modern village of Ohoden in northwest Bulgaria,
occupies an area of ca 12,000 m? on a terrace of the Skat river (fig. 2). Field research suggests
the river has changed its course since the Neolithic, when it flowed ca 200 m closer to the
settlement. Geomorphological investigations point to several episodes of flooding during
the Neolithic occupation of Ohoden, which may have been responsible for the eventual
abandonment of the settlement.

In archaeological excavations since 2002, remains of 15 semi-subterranean structures

1 In our earlier paper (Bonsall et al. 2017) we referred to only four sites with obsidian artefacts, since
the Varna finds were treated as belonging to a single Late Chalcolithic cemetery complex. However, it is perhaps
more realistic to consider the Varna I and III cemeteries as distinct sites.
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Fig. 2. Ohoden-Valoga: a) Archeaological site of Ohoden-Valoga: view from the east, 2016 season
(photo G. Ganetsovski); b) landscape setting (photo C. Bonsall)
O6p. 2. Oxoder-Baroza: 06wy, 6ud wa obexma om usmox, ceson 2016 2. (crnumka I'. [aneyoscku);
b) xapaxmepucmuxa na randuwadma (crumxa K. boricar)

(dwellings and intramural burial facilities) have been investigated. Two successive occupa-
tion phases have been identified based on pottery typology (I'aneriosckm 2009; 2014). The
first phase (Ohoden I) is characterized by monochrome pottery, while the second phase
(Ohoden 1I) is characterized by pottery with black painted ornamentation on a red back-
ground and vessels with pedestal bases (fig. 3)>. The obsidian artefacts in this study were all
recovered from contexts assigned to the Ohoden II phase.

2 Based on ceramic typology, the excavator of Ohoden-Valoga (G.G.) equates Ohoden phase I to the
final stage of the Proto-Starcevo culture (cf. Togoposa, Baricos 1993, 59-63; Srejovic¢ 1995, 251-263), and Ohoden
phase II to stage II of the Starcevo culture (cf. Garasanin 1979, 134-138).
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Fig. 3. Pottery from the site of Ohoden: A — from structure 13 (phase Ohoden I); B — from structure
12 (phase Ohoden I1); C — from structure 7 (phase Ohoden I1); D — from structure 12 (phase
Ohoden I1) (drawings G. Ganetsovski)

Oop. 3. Kepamuxa om Oxodern: A —om cmpyxmypa 13 (¢asa 1); B —om cmpyxmypa 12 (pasa I1);
C —om cmpyxkmypa 7 (pasa I1); D —om cmpyxmypa 12 (pasa 1) (pucynxu I'. Taneyo6cku)

Currently, there are only a small number of radiocarbon dates for the site. An AMS
1C date of 7060+50 BP (Poz-81112: 6032-5837 cal BC) was obtained on bone collagen from
an infant burial (grave 5) assigned to the Ohoden I phase (Mathieson et al. 2017). A series
of radiometric dates on charcoal and carbonized plant remains from structures 1 and 13,
which were assigned to the Ohoden II phase, fall around 5700/5650 cal BC (I'anerjoscku
2009; Krauf3 2014).
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Fig. 4. Dzhulyunitsa-Smardesh: viewed from the south, with the approximate locations of the
Neolithic settlement (black arrow) and Copper Age tell (red arrow) indicated (photo N. Elenski).
Oop. 4. Axyrronunya-Cmopdeui: nozaed om 102 ¢ AOKAAUSAYUSL HA HEOAUMHOMO ceAute (epHa

CMpPeAKa) U XAAKOAUmMHAmMA ceaunyia mozura (uepsena cmperxa) (cnumxa H. Exercxu)
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Fig. 5. Dzhulyunitsa-Smardesh: site plan showing the locations of trenches excavated between
2001-2011 (reproduced from KraufS et al. 2014, with permission)
Oop. 5. Axyaronuya-Cmopdeus: nAAH HA CEAULLENO ¢ AOKAAUSAUUS HA COHOAXUMe, PASKONAGAHU
6 nepuoda 2001-2011 2. (no Krauf et al. 2014, c paspeutenue na asmopure)

Dzhulyunitsa-Smardesh

Situated on the edge of the Danube Plain in the catchment of the Yantra river, a south-
ern tributary of the Danube, Dzhulyunitsa (fig. 4) is a large open-air site with spatially
overlapping occupations dating from the Early Neolithic to the Bronze Age, and sporadic
evidence of settlement during the Iron Age and Medieval periods. The principal archaeo-
logical components of the site, however, are an Early Neolithic flat settlement and a Copper
Age tell, which were centred on different parts of an old river terrace (fig. 5).
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Fig. 6. Pottery from the site of Dzhulyunitsa: A — from phase Dzh-I (without decoration and with
dark brown and black painting); B — from phase Dzh-1I (decorated with white, dark brown and
black painting) (drawings N. Elenski)

Oop. 6. Kepamuxa om Jxyrronuua: A —om ¢asa I (0es pucyrka, c momHokada6a u uepHa
pucyrixa); B —om ¢pasa 1l (opramenmavus c 05Aa, mbMHOKAPA6A U HepHA PUCYHKA)
(pucyrxu H. Exercxu)

Excavations between 2001-2011 (Eaencku 2002; 2003; 2005; 2006; 2010; 2011; 2012;
Kraufs et al. 2014) identified four main phases of Early Neolithic occupation (Dzh I-IV)
distinguished by means of stratigraphy and pottery typology (fig. 6). In phases I and II the
settlement occupied an area of the terrace that was at least 4 ha (and possibly as much as 10
ha) in extent, decreasing in the final phase to ca 0.5 ha. Structural features belonging to the
Early Neolithic include pits (some interpreted as pit houses), hearths and ovens. A number
of human burials were also attributed to these early phases of the settlement.

Neither of the two obsidian artefacts from Dzhulyunitsa that were analyzed for this
study was associated with a specific archaeological feature. One piece was recovered from
the Dzh II horizon in test trench 21, in the ‘core area’ of the Early Neolithic settlement; the
other came from the Dzh I horizon in test trench 3 located in a peripheral area of the settle-
ment to the east of the Copper Age tell (fig. 5).

Kraufs et al. (2014) reported 21 AMS "C dates on terrestrial animal bone and charcoal
from the Early Neolithic at Dzhulyunitsa, all from test trench 21 in the ‘core area” of the
settlement. Eighteen dates for phases Dzh I-II suggest most activity was concentrated in
the period between ca 6050-5900 cal BC. One date from phase I — OxA-24937: 7588+37 BP
(6491-6396 cal BC) (Krauf et al. 2014, table 1) — on a bone from a wild pig, is a clear ‘outlier’
and should be treated with caution until supported by further dates on short-lived terres-
trial samples. A new date of 7070+50 BP (Poz-81119) on the crouched inhumation burial of
a child (grave 3) assigned to phase II (Mathieson et al. 2017) is similar to the dates reported
by Krauf3 et al. (2014) for the Dzh II horizon.
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Fig. 7. The site during the rescue excavations. In the background are the Rila Mountain footslopes,
whence the debris flow originated (aerial photo 1. Vajsov)
O0p. 7. Bv3dywna crumxa 1a obexma no épeme Ha cnacumeArume paskonxu. B dareuunama —
cxAonoseme Ha Puaa, omxvdemo ca céauuarusma na semua maca (crumxa V. Baiicos)

Fig. 8. Dzherman: find location of the single obsidian artefact (find no. 36) from the site
(photo and annotation G. Ivanov)
Oop. 8. Axepmatri: mecmonamupare Ha o0coduarosus apmegdparxm (N0 36)
(crumwxa u obosnaueriue I'. Vearios)
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Fig. 9. Early Neolithic pottery from Dzherman (drawings I. Kulov)
O0p. 9. Pannoneorumnama xepamuxa om Jxepman (pucyrxu V. Kyros)

Dzherman

This site on the northwestern edge of the Rila Mountains in southern Bulgaria oc-
cupies a structural terrace near the Dzherman River, a tributary of the Struma. Part of the
site threatened by motorway construction was excavated in 2014-2015 (fig. 7), revealing
evidence of occupation during the Early Neolithic and early Iron Age (VBanos u ap. 2015,
2016)°.

The remains of Early Neolithic occupation were buried under ancient stony debris
flows. They consisted of concentrations of animal bones and artefacts (mainly pottery
sherds, fragments of fired wall plaster, and stone tools), some of which infilled pit features
dug into the virgin soil. The debris flows and later Iron Age occupation may have caused
some translocation of Neolithic artefacts. The single obsidian artefact discussed in this pa-
per was not part of a major artefact concentration, but was found at a level where the pot-
tery sherds were exclusively of Early Neolithic type (fig. 8).

There are no radiocarbon dates from the Dzherman site. In terms of vessel form, sur-
face treatment and decoration, the Early Neolithic pottery (fig. 9) is comparable to that
from Galabnik (Pavtik, Cochadziev 1984) and Krajnici (Tchochadjiev, Bakamska 1990), in
the upper Struma Valley, southwest Bulgaria. Excluding potentially unreliable samples®,
radiocarbon dates for the earliest level (I.1) at Galabnik (Gorsdorf, Boyadziev 1996; Thissen
2000) fall between ca 5900-5700 cal BC.

3  The excavation and scientific team consisted of Krastyu Chukalev, Veneta Genadieva, Malgorzata
Grebska-Kulow, Martin Hristov, Maria Gurova, Angelina Pirovska.

4 Two “C dates for Galabnik phase 1.1 are regarded as suspect — BIn-357%h: 7220+80 BP and BIn-3580:
712070 BP. BIn-3579h dates soil organics (‘humic acids’), while BIn-3580 (‘charcoal and sand’) may also include
soil organic matter. Such samples have been shown to produce unreliable results (cf. Boroneant, Bonsall 2016).
The remaining dates for Galabnik 1.1 range between 7030+70 and 6790+80 BP.

44



Tracing the source of obsidian from prehistoric sites in Bulgaria

Site Dimensions :
Registration Period Phase Context Type IIIlIthratlon
No. L B Th (Fig. 14)
Ohoden
Early Square G17,2; .
A3552/67 Neolithic Ohoden Il Structure 7/7a Burin 2.1 1.0 0.30 A4
Early Square E18,2;
A 6911/86 Neolithic Ohoden Il Structure 12/12a Endscraper 2.3 1.9 0.80 A6
Early Square G17,2;
A3522/20 Neolithic Ohoden Il Structure 7/7a Flake 1.5 2.0 0.50 A3
Early Square L16,4; | Combination
A 3222/25 Neolithic Ohoden Il Structure 4 tool 2.1 1.0 0.40 A5
Early Square E18,2; Retouched
A3757/95 Neolithic Ohoden Il Structure 10 flake 24 1.4 0.50 A2
Early Square 121,3;
A3753/87 Neolithic Ohoden Il Structure 8 Flake 3.6 2.1 0.60 Al
Dzhulyunitsa
125/01 Early Dzhl | Trench3 Flake 3.9 3.1 0.80 il
Neolithic ’ ’ )
660/09 Early Dzhll | Trench 21 Bladelet 2.1 1.0 030 @)
Neolithic ) ) )
Dzherman
Early Blade
36 Neolithic fragment 20 14 0.30 Bl
Varna
Late Varna cemetery
1.2717 Chalcolithic I burial 41 Blade -7.5 1.3 0.25 D1
Late Varna cemetery Blade
13472 | Chalcolithic Il fragment 4 16 0.40 D2

Table 1. Details of the obsidian artefacts analyzed by pXRF.
Tabauya 1. Mndopmarus 3a 06cuduarosume apmePaxmu, AHAAUSUPAHU C NPEHOCEH PeHInzeHos
payopecyermen cpexmpomemvp (pXRF)

Varna

Of the two obsidian artefacts from Varna described here, one comes from grave 41 in
the famous Varna I cemetery on the western outskirts of the city, while the second is from
a group of stray finds in the south part of the city where another Chalcolithic cemetery
(“Varna III") is thought to exist (fig. 10).

The Varna I cemetery dates to the mid-5" millennium BC, corresponding to the Late
Copper Age’, and is the largest cemetery of that period from Southeast Europe. Archaeo-
logical excavations between 1972-1991 uncovered over 300 graves. The deceased were bur-
ied with heads pointing to the northeast — the men mainly in extended positions on their
backs, and the women in crouched positions on the right side. A wide variety of burial
goods were recovered from the graves, with some graves containing particularly ‘rich’ in-
ventories numbering tens or hundreds of objects. Apart from ceramic vessels, which were
found in all but 11 graves, the inventories are dominated by tools made of stone, bone and
copper, and body ornaments of gold, minerals and marine shells. Over four-fifths of graves

5 AMS "C dates on human bone collagen (produced by three different laboratories: Mannheim,
Oxford, and Poznan) are available for 8 burials from the Varna I cemetery (Higham et al. 2007; Krau8 et al.
2016). From these data, Krauf3 et al. (2016, 282-286) suggested a time-range of 4650-4300 cal BC for the use of
the Varna I cemetery.
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Fig. 10. Locations of Varna cemeteries I and II1
O0p. 10. Pasnoroxerue na Bapnerncxume rexponoru I u I11

contained imported objects or objects made from imported materials — copper, gold, obsid-
ian, and ‘Dentalium’® (scaphopod) and Spondylus shell. Only five burials were unaccompa-
nied by grave goods. (Slavchev 2010). Forty-seven graves in the Varna I cemetery contained
‘burial goods” but no human remains, and were interpreted as cenotaphs — symbolic burials
of members of the community who died elsewhere. Grave 41 — a roughly rectangular pit
2.70 m long, 1.20 m wide and 2.36-2.80 m deep — was a particularly ‘rich’ cenotaph (fig. 11).
Within it were over a hundred gold objects, beads made of minerals (carnelian and serpen-
tinite) and Spondylus shell, marble utensils, a flat bone figurine, an unusually large number
(4573) of ‘Dentalium’ shells, and a single obsidian blade (fig. 12).

The “Varna III" find comprised several objects made of copper (2 shaft-hole axes, a
chisel, a flat axe and a spear-head), part of a long flint blade bearing traces of red ochre, and
an obsidian blade (fig. 13; fig. 14.D1). They were discovered in 1997 during construction

6 In the archaeological literature, ‘Dentalium’ has tended to be used as a common name for all shells
of scaphopod molluscs (tusk shells). However, not all (recent and sub-fossil) scaphopod shells from European
archaeological sites necessarily belong to the genus, Dentalium. Many could belong to other genera of the
Dentaliidae family, e.g. Antalis.
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Fig. 11. Grave 41 (cenotaph) of Varna cemetery (photo 1. Ivanov)
Oo6p. 11. Bapmeticku tekponor — zpo6 41, keromagp (cnumka V. Mearios)

work in the south part of Varna, close to where a gold ring-amulet had been discovered fifty
years earlier. A follow-up visit to the site by archaeologists failed to locate any traces of a
burial pit or human remains, and no further artefacts were found. In number and character,
the copper artefacts from Varna III resemble those from grave 43 of the Varna I cemetery,
dated to ca 4500 cal BC”.

Obsidian finds

Eleven obsidian artefacts from five sites were included in the present study (fig. 14). The
six pieces from Ohoden-Valoga were examined macroscopically by Radka Zlateva-Uzunova.
The artefacts from Dzhulyunitsa-Smardesh, Dzherman and Varna were examined by Maria
Gurova - her analysis included microscopic observation of the pieces and microphotography
of the artefact from Dzherman, undertaken using a Keyence VHX-100 digital microscope in the
Conservation Laboratory of the National Archaeological Institute with Museum of the Bulgar-
ian Academy of Sciences (NIAM-BAS). Basic information on the artefacts and their archaeo-
logical contexts is presented in Table 1. More detailed descriptions of the pieces are as follows:

Ohoden-Valoga
A 3222/25 Combination tool on a blade, comprising a break burin (on the distal
end) and a proximal truncation (fig. 14.A5, fig. 15.2)

7 There are two published *C dates on the skeleton from grave 43 in the Varna I cemetery — 5720+29 BP
[OxA-13685] and 5662+27 BP [MAMS-15095] (Krauf3 et al. 2016, table 2). The weighted mean of these two dates
is: 5689+20 BP (4557-4458 cal BC).
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A3552/67 Simple burin (fig. 14.A4; fig. 15.6)

A3522/20 Flake (fig. 14.A3; fig. 15.5)

A3757/95 Retouched flake (fig. 14.A2; fig. 15.1). Retouch is mainly ventral on
the distal end.

A3753/87 Flake (fig. 14.A1; fig. 15.4).

A 6911/86 Endscraper on a flake (fig. 14.A6; fig. 15.3).

According to R.Z-U., A3522/20, A3753/87 show macro-traces of possible use, in the
form of smoothing and rounding of the edges.

Dzhulyunitsa-Smardesh

125/01

660/09

Flake (atypical raclette) with a linear butt and two accidental scars on the
distal transverse edge. No detectable use-wear traces (fig. 14.C1; fig. 16.2).
Bladelet with small plain butt and a curved profile, and with delicate break-
age of the distal end. No detectable use-wear traces (fig. 14.C2; fig. 16.3).

Dzherman

36

Varna
[.2717

1. 3472

Mesial fragment of a blade with sporadic scars on lateral edges and negatives
of impact on the proximal part of the ventral surface (fig. 14.B1; fig. 16.1).
Two chipping (negatives) on the right edge are not intentional retouch, but
rather accidental or taphonomic damage. The left edge possesses micro re-
touch of utilization. Use-wear traces comprise matt lateral bands adjacent to
the blade edges, fine striations, and microchipping. These micro-wear traces
suggest cutting of relatively soft and not particularly abrasive material (i.e.
plants, possibly cereals). Apart from wear traces related to the bilateral use
of the blade, there are abundant chaotic striations and areas of smoothing on
both the ventral and dorsal surfaces that probably resulted from secondary
perturbation of the piece (fig. 17).

Blade in three fragments (found broken). Straight profile, triangular section,
and narrow plain butt with no significant abrasion reduction. No retouch or
traces of use (completely virgin edges apart from some slight taphonomic
damage). Removal technique: skilfully applied pressure. Post-depositional/
taphonomic damage: slight lateral chipping of the right edge, distal part (fig.
14.D1; fig. 16.4).

Proximal fragment of a blade in two parts (found broken), lighter in colour
and more translucent than I. 2717, with numerous fine scars on the lateral
edges, particularly on the proximal part of the right edge (partial, denticu-
late-like). No intentional retouch or traces of use. Narrow plain butt, straight
profile, pressure technique (fig. 14.D2; fig. 16.5).

XRF analyses

Non-destructive XRF analysis of the archaeological obsidian was undertaken using
a ‘Niton XL3t ultra” handheld pXRF analyzer. The instrument was operated in the funda-
mental parameters ‘mining mode” with the measurement window set to the 8-mm spot
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Fig. 12. Varna cemetery: some grave-goods from Grave 41 (cenotaph): 1-3 — gold beads and
appliqués; 4 — carnelian necklace; 5 — Spondylus necklace; 6, 8, 9 — bone artefacts; 7, 10 — marble
objects (photo R. Kostadinova)

O6p. 12. Baprencku HeKponoA: Hakou zpodHu dapose om 2pob 41 (keromag): 1-3 — srammu
MbHUCTA U anAukayuy; 4 — nanus om xapreor; 5 — nanus om Spondylus; 6, 8, 9 — xocmu
apmepaxmu; 7, 10 — mpamopru npedmemu (cnumku P. Kocmaduriosa)
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Fig. 13. Finds from the destroyed grave of the Varna III cemetery
(photo K. Dimitrov)
O0p. 13. Haxodxu om paspyuierius zpob ta Baprernckus nexpono I11
(crumxa K. Jumumpos)

size. Each sample was analyzed for a total of 180 seconds — 60s using each of the ‘Main’,
‘High” and “‘Low’ range filters that optimize the analyzer’s sensitivity for various elements.
Elemental concentrations were recorded for 35 minor and trace elements between potas-
sium (K) and uranium (U) in the periodic table. The ‘light range” filter was not selected, and
so no measurements were recorded for elements ‘lighter’ than potassium (e.g. Mg, Al, Si,
P, Sor Cl).

Using the same instrument and settings, measurements were also taken on petrologi-
cal samples from known source locations in the Carpathians, Aegean, central Anatolia and
the Central Mediterranean, collected by the senior author (C.B.) or available in the reference
collections of the Vienna-Lithotek (VLI) managed by Gerhard Trnka and the Lithoteca of
the Hungarian National Museum in Budapest (Bir6 2014).

To improve accuracy, the measurements obtained with the factory-set “mining’ cali-
bration for both the archaeological and petrological samples were recalibrated (using linear
regression analysis) against instrumental data for 23 pressed powder standard reference
materials (SRMs).

Results and discussion

Regression analysis showed that the Niton XL3t ultra operated in ‘mining mode’
achieves high accuracy (R*> 0.99) for 10 elements that are particularly important in obsid-
ian provenancing research: Ti, Fe, Zn, Rb, Sr, Zr, Nb, Pb, Th and U (see Bonsall et al. 2017:
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Dzhulyunitsa-
site| Smardesh Ohoden-Valoga Dzherman Varna
Artefact
No. 125/01 | 660/09 | A3552/67 | A6911/86 | A3222/25 | A3522/20 | A3753/87 | 3757/95 36 13472 | 12717
Source| C2E | C2E C2E C2E Ci1 C1 l C1 (@ C1 C1
Element
Ti 1150 | 1198 1213 1212 496 532 564 471 537 522 503
(ppm)
(p[[:)em) 12909 | 13235| 12866 12442 6889 6875 7450 5905 7415 7610 | 7492
Zn 36 32 52 40 27 30 29 23 22 25 22
(ppm)
Rb 211 216 223 210 200 187 190 190 206 201 218
(ppm)
> 84 86 89 85 72 63 71 51 66 73 63
(ppm)
Zr 167 177 199 170 76 70 66 58 70 76 68
(ppm)
Nb 1 12 11 10 10 6 7 7 9 9 11
(ppm)
Pb 26 24 30 28 38 33 34 32 32 34 36
(ppm)
Uppm)| 3 5 8 12 - 16 9 7 5 5 6

Table 2. Elemental concentrations in parts per million (ppm) measured in obsidian artefacts from
Bulgaria by pXRF. Source assignments: C1 — Cejkov-Vinicky (Slovakia); C2E — Mdd-Erdébénye
(Hungary)

Tabauya 2. Konyenmpauyus na nodoparnu exemermu (6 vacmu Ha MUAUOH) 6 00cUIUAHO6UTNE
apmedaxmu om boarzapus, usmepenu ¢ pXRF. Msmounuyu: C1 - Cejkov-Vinicky (Crosaxus);
C2E - Mdd-Erdébénye (Yreapus).

fig. 3). Concentrations of nine of these elements measured in obsidian artefacts from Bul-
garia are presented in Table 2. Results for thorium (Th) have been excluded from the table,
since the instrument is not particularly sensitive to this element at low concentrations when
operated in “mining mode’.

The Bulgarian sites are between 600 and 1250 km straight-line distance from the
known obsidian sources in the Carpathians, Central Mediterranean, Aegean and Central
Anatolia, but roughly equidistant from the Carpathian and Aegean sources. Comparison of
archaeological with source samples revealed the closest matches to be with the Carpathian
sources. Three main obsidian source areas have been identified in the Carpathians: C1 in
the Zemplin Hills of eastern Slovakia; C2 in the Tokaj Mountains of northeast Hungary;
and C3 in the Transcarpathian region of southwest Ukraine (Biré 2006; 2014; Rosania et al.
2008). Within the C2 source area, two variants have been identified: C2E (from the vicinity
of Mad and Erddbénye) and C2T (from the vicinity of Tolcsva). The C1 source in Slovakia
has also been divided into two subgroups, Cla known mainly from Late Palaeolithic and
Neolithic “workshop’ sites (so-called ‘quasi-sources’) in the Kasov and Cejkov vicinity, and
C1b from the Vinicky-Mal4 Bara area.

Fig. 18 plots the Rb, Sr and Zr values for the archaeological samples against the ranges
obtained for geological samples from the various Carpathian sources (C1, C2E, C2T, C3).
No attempt has been made to distinguish between Cla and Cl1b, since they are difficult to
separate using XRF and, in any case, the original sources have not been identified. Since
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Fig. 14. Obsidian finds from: A — Ohoden: 1 —no. 3753, 2 —no. 3757, 3 —no. 3522, 4 —n0.3552, 5
—no0. 3222, 6 —1n0.3911; B — Dzherman: 1 —no. 36; C — Dzhulyunitsa: 1 —no. 125/01;
2 —no. 660/09; D: 1 — Varna I cemetery —no. 1. 2717; 2. — Varna I1I cemetery —
no. 1. 3472 (photos C. Bonsall, figure by M. Gurova)

Oop. 14. Obcuduarosu apmedaxmu om crednume odexmu: A — Oxoden: 1 —Ne 3753, 2 — Ne
3757,3 —Ne 3522, 4 — Ne 3552, 5 — Ne 3222, 6 — No 3911; B — Axkepman: 1 —Ne 36, C —
Axcyarornuya: 1 — Ne 125/01; 2 — Ne 660/09; D: 1 — nexponor Bapra I —Ne 1. 2717; 2. — HekponoA
Bapna Il — Ne. 1. 3472 (chumxu K. borcaa, koaax M. I'toposa)

Fig. 15. Drawings of the obsidian artefacts from Ohoden: 1 —no. 3757; 2 —no. 3222; 3 —no. 3911;
4 —no. 3753; 5 —no. 3522; 6 —10.3552 (drawings R. Zlateva-Uzunova)
Oop. 15. Pucynxu na obcuduarnosume apmedaxmu om Oxoden: 1 —Ne 3757; 2 — Ne 3222; 3 — No
3911; 4 — No 3753; 5 — Ne 3522; 6 — Ne 3552 (pucynxu P. 3ramesa-Y3yrosa)
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4
Fig. 16. Drawings of the obsidian artefacts from: 1. Dzherman — no. 36;
2. Dzhlyunitsa —no. 125/01; 3. Dzhulyunitsa — no. 660/09;
4. Varna I cemetery —no. 1. 2717; 5. Varna III cemetery —no. 1. 3472 (drawings M. Gurova)
O6p. 16. Pucyrxu na odcuduarosume apmedpaxmu om: 1. Axepmar — Ne 36;
2. Axyaronuya — Ne 125/01; 3. Axyaronuuya — Ne 660/09; 4. Hexponoa Bapra I —Ne 1. 2717;
5. Hexponoa Bapna Il — Ne 1. 3472 (pucyrxu M. I'toposa)

there have been occasional claims for the presence of obsidian from the Aegean on Neolith-
ic sites in the central and northern Balkans (e.g. Vlassa 1965; Maxim 1995; Constantinescu
et al. 2014), we also indicate in fig. 18 the Rb-Sr-Zr footprint of obsidians from Melos. The
data are presented as ternary graphs (in which the three variables are normalized to sum to
100%) since this has the effect of ‘reducing’ measurement distortions that can result from ar-
chaeological samples being too thin, and/or not covering the entire measurement window
of the instrument, and/or having irregular surface geometry®.

8 Sample thickness, diameter and surface geometry are critical variables in XRF analysis. Among the
11 artefacts analyzed in this study, several were only just large enough to cover the measurement window of
the pXRF analyzer, and these were less than 3.5 mm in maximum thickness becoming much thinner toward
their edges. Moreover, two pieces (Fig. 14.A2, D2) had adhesive labels/tape on their ventral surfaces, so that
XRF measurements had to be taken on the more irregular dorsal surfaces. Therefore, some distortion of ele-
ment concentrations might be expected for these pieces.
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Fig. 17. Obsidian blade from Dzherman with microphotographs (x20 to x80) of the used edges
and significant wear of the surfaces (photos M. Gurova)
O6p. 17. Obcuduanosa naacmuna om Jxepman ¢ muxpopomozpagpuu (x20 do x80)
HA USNOA36AHUME Pb006e U HA XAPAKMEPHU CAeIU 10 NOSbPXHOCHUME HA apmepaKma
(crumxu M. I'toposa)

All of the archaeological samples from this study gave values for Rb-Sr-Zr that cor-
respond closely with those obtained for petrological samples from sources in the Carpathi-
ans. C1 obsidian, from the Cejkov-Vinicky area of eastern Slovakia, occurs at three of the
five Bulgarian sites — Dzherman, Ohoden and Varna cemeteries; while obsidian from the
C2E (Mad-Erddbénye) source area in northeast Hungary was found at Dzhulyunitsa and
also at Ohoden. Those contexts with C2E obsidian are all Early Neolithic in date but po-
tentially belong to a relatively early phase of this period. At Dzhulyunitsa, C2E obsidian
is restricted to phases Dzh I-II dated between ca 6050-5900 cal BC. At Ohoden, where the
chronology is less secure, C2E obsidian appears to have been used during a later phase of
the Early Neolithic, after 5900 cal BC, when C1 obsidian was also in use.

C1 obsidian is generally regarded as of superior quality to C2 obsidian (Tripkovic¢
2004; Bird 2006), and tends to dominate obsidian assemblages from later Neolithic and
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Sr Sr

Dzhulyunitsa

Rb

Fay Dzherman

Dzhulyunitsa
o Ohoden
L] Varna

Fig. 18. Ternary plots of Rb, Sr and Zr ppm values for archaeological samples in this study. Grey
ellipses represent the corresponding ranges of geological source materials from the Carpathians
(C1, C2E, C2T, C3) and Melos
Oo6p. 18. Tpuusmepna zpagura na cmotinocmume Ha Rb, Sr u Zr (6 wacmu Ha MUuAuom)

6 uscaedsarume oopasyu. Cusume eAuncu npedcmasAs6am coomeemrume OUanasoHu
na cyposutiu om Kapnamume (C1, C2E, C2T, C3) u Meaoc

Chalcolithic sites in the circum-Carpathian region (e.g. Tripkovi¢, Mili¢ 2009; Dobrescu et
al. 2016), which are often characterized by a high blade index (cf. Allard et al., this volume;
Burgert et al., this volume). At Dzherman and Varna in Bulgaria the use of C1 obsidian was
evidently linked to the production of blades; however, at Ohoden only one piece made
from C1 obsidian was clearly removed from a blade core.

Conclusions

The research reported in this paper represents the first systematic obsidian prove-
nancing study from Bulgaria. Measurements made on 11 artefacts from three Early Neo-
lithic sites and two Late Chalcolithic sites show that all of the obsidian originated in the
Carpathians, specifically from the C1 source area in Slovakia and the C2E source area in
Hungary. In the Bulgarian sites C2E obsidian occurs in Early Neolithic contexts that are
thought to be older than ca 5900 cal BC, while at least 6 of the 7 artefacts made from C1
obsidian come from later (Early Neolithic and Chalcolithic) contexts. However, given the
very small sample of sites and artefacts, it may be premature to conclude that this reflects
a general temporal trend in obsidian procurement patterns in the region? More finds from
more sites, together with better contextual and chronological information, will be needed
to satisfactorily address this issue.
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YCTaHOBABaHe npomu3xoda Ha obcraraHa
OT NPaNCTOPUYECKM 0beKTM B bbrapus

Knawvs boHcan, Mapwua loposa, Heako EneHckuy, lfeopri iBaHOB, AHeTa bakbmcKa,
[eoprn [aHeLOBCKN, Pafika 3naTeBa-Y3yHoBa, Bnagnummp Cnasues

(pestome)

CraTusaTa npegaara pesyAtaTuTte OT IbPBOTO CCTEeMaTUYHO XMMIYECKO U3CAeBaHe
Ha apxeoAornyecku oOcuanaHosn apredakTy or brarapus u npeacrabaspa yacT OT I10-
MalabHO IIpoy4YBaHe Ha apxeoaormdecky odcuamnan ot FOronsrouna Espomna, BKarousamio
yuenu ot bvarapus, Pymbans u Beankoopuranns. Ileara Ha ToBa HagpernoHaAaHo IIpoyd-
BaHe e ga ce peKOHCTpyupaT IIPOMeHITe B cucTeMaTa Ha 4001BaHe, oOpaboTka 1 yriorpeda
Ha oOcuauaH B Iepuoja MeXxJAy CpeAHms I1alAe0AUT U Keas3HaTa ernoxa. CraTuATa Haj-
rpaxaa mHQpopManuATa, IIy0AMKyBaHa KaTo KpaTKO 0000IIaBalllo M3A0KeHNe B CIIMCaHue
Antiquity (Bonsall et al. 2017).

ApredakTu oT 00CcHAMaH ce cpelraT MHOTO PsIAKO B apXe0A0TMIecKit KOHTeKCT B bba-
rapus. B cratmsita ca anaansupann u npeacrasenn 11 apredakra, mpousxoxkAaly OT IIeT
npancropuyeckn ooekra: Oxogen, Axxyatonuna u asa ot Bapuencknure nekporioan — L 111
(B Cesepna bbarapus), u A>xxepman — B nognoxueto Ha Puaa, B IOxxna brarapus. Xpono-
AOTMYEeCKUAT UM OOXBaT € OT paHeH HeOAUT A0 KbCeH XaaKoauT (okoao 6050-4300 cal BC),
a IIPOCTPAHCTBEHO ca pas3IioaoxkeHn Ha 0koa0 600-800 kM OT Hall-OAM3KIUTe re0A0TNIeCKN
HaxoAuIra Ha oocuanas B Ereiickust Oacerin, Kapniature u Llentpaana Anatoans (06p. 1).

IIpenocum pentreHos gpayopocuenreH criekTpoMmeTsp (pXRF) e nsnoassan 3a naen-
TuguIMpaHe Ha M3TOYHUIIUTE (T€OAOTMIECKUTe MeCTOHaxoAulla) Ha apredakTuTe OT
IIpeJcTaBeHNUTe apxeoaorndecky odekTn. CraTtusTa chbAbprKa KpaTKO 0000IIaBaIlo 1340-
>KeHle Ha 0DeKTHUTe U Ha apXeOAOTMYeCKNsl KOHTEKCT Ha OOCUAVAHOBUTE HaX0AKM (0Op.
2-13), ontucanue c gpoto- u rpadpuyuHa J0KyMeHTaIusI Ha apredakrute (00p. 14-17, Tabanna
1), xakro u pesyararute ot XRF anaansure, npeacrasenu B Tabania 2.
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Cpeg uscaeapaHnTe apXe0A0THMYeCK) 00pasiy ca UAeHTU(PUIMPaHN ABe Pa3HOBUA-
HOCTU Ha oOcuanaH. CpaBHeHIETO C U3MepBaHILsI Ha re0A0TMYecKy 00pasiiy OT KapIlaTCK,
erelicKy, IeHTPaAHO CPeAU3eMHOMOPCKHU 1 aHaTOAUIICKY OOCHAMaHOBY HaxXOAMIIA TTOKa3-
Ba, 4e I10 CBOSI XuMudecku mpodna, oocuananosnute apredpaktu ot bparapust ca Hait-64m3-
KI1 A0 Haxogumarta B Kapnartckure naanuun (cf. Biré 2006; Rosania et al. 2008). ITvpsaTta
PasHOBMAHOCT ChBIada ¢ 0Opa3uy oT KaprarckoTo Haxoguie 1 (C1) B CaoBakusi, A0KaTo
BTOpaTa IPOM3X0KJa Hall-BepOATHO OT HaXxoAuIllaTa, oOO3HadaBaH! KaTo Kaprarcky 2E
(C2E), xouto ca Ha TeputopusATa Ha YHrapus (oop. 18).

Ha 6azaTa Ha MHOTO OTpaHMYeHNITe XPOHOAOTMIECKN AaHHM, C KOUTO pasllolaraMe,
II'bpBaTa 4JOKyMeHTHupaHa yrorpeba Ha oocuanan C2E e no-panna ot 5900 cal BC, gokaTo
apredakTute, HarpaseHy oT obcuanan Cl mpomsxoKaT OT HO-KbCHM KOHTEKCTH. 3a Aa
Ce YCTaHOBMU AaAVl IT0A3BaHETO Ha pa3ANYHU KapIlaTCKU HaXOAMIIIa Ha 0OCHAMaH OTpas3sBa
CTaOM/AHY TeMIIOpaAH!U TEHAEHLINU VI XapaKTEePUCTUKN B periOHaAHaTa CcucTeMa 3a 4001U-
BaHe I PasIIpOCTpaHeHle Ha Ta3! CypOBMHA e HeOOXOAMMO CHUCTeMHO IpOoydYBaHe Ha I10-
Beye HaXOAKU OT IoBede 00eKTHU, KaKTO U M0-COAMAHA KOHTeKCTyalHa ¥ XPOHOAOTIMIecKa
nHpopMars.
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