N

N

Chemical analyses of bodies and glazes of ceramics from the
pottery workshop excavated at the site of Lozenets (Sofia, 6th
- early 7th c. AD): preliminary results

Sylvie Yona Waksman, Georgia Giannaki, Jacques Burlot

» To cite this version:

Sylvie Yona Waksman, Georgia Giannaki, Jacques Burlot. Chemical analyses of bodies and glazes of ceramics
from the pottery workshop excavated at the site of Lozenets (Sofia, 6th - early 7th c. AD): preliminary results.
I[IPTHOCU KBM BBIITAPCKATA APXEOJIOIM [CONTRIBUTIONS TO BULGARIAN ARCHAEOLOGY],
2025, 14, pp.75-84. (10.53250/cba14.75-84). <hal-05336327)

HAL Id: hal-05336327
https://hal.science/hal-05336327v1

Submitted on 15 Jan 2026

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-

for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou

vate research centers. privés.

Copyright - All rights reserved


https://hal.science/hal-05336327v1
https://hal.science/licences/copyright/
https://hal.science/licences/copyright/
https://hal.archives-ouvertes.fr

[TPMHOCH KbM BbATAPCKATA APXEOAOT U, TOM X1V, 2024
CONTRIBUTIONS TO BULGARIAN ARCHAEOLOGY, VOLUME X1V, 2024

CHEMICAL ANALYSES OF BODIES AND GLAZES
OF CERAMICS FROM THE POTTERY WORKSHOP
EXCAVATED AT THE SITE OF LOZENETS
(SOFIA, 6™ — EARLY 7™ C.): PRELIMINARY RESULTS

Kk

Sy[vie Yona Waksman, Georgia Giannaki, ™™ Jacques Bourlot

* Centre National de la Recherche Scientifique — ArAr UMR 5138 Archéologie et Archéométrie, Maison de I'Orient et de la
Méditerranée, 7 rue Raulin, 69365 Lyon cedex 7, France; yona.waksman@cnrs.fr
** Université Lumiére Lyon 2 — ArAr UMR 5138 Archéologie et Archéométrie, Maison de I'Orient et de la Méditerranée, 7 rue
Raulin, 69365 Lyon cedex 7, France and National and Kapodistrian University of Athens, Department of History and Archae-
ology, University Campus 157 84, Zografou Athens, Greece; ggiannaki@arch.uoa.gr
**% Centre National de la Recherche Scientifique — ArAr UMR 5138 Archéologie et Archéométrie, Maison de I'Orient et de la
Meéditerranée, 7 rue Raulin, 69365 Lyon cedex 7, France; jacques.burlot@hotmail.fr

ABSTRACT

A selection of 40 glazed and unglazed pottery sherds from the 6* - early 7 c. pottery workshop at
Lozenets, Sofia (ancient Serdica) was studied to investigate their manufacturing technique. Analysis of the
sherds’ ceramic bodies indicates that the same low-calcareous clay was used for the production of all catego-
ries of vessels (glazed and unglazed, for cooking and not). The glazes are high-lead ones, with a noticeable
bismuth content in some inclusions which might be indicative of the provenance of the lead compounds.
The latter were probably applied directly onto vessels’ low-calcareous bodies to form the glaze. As for the
firing process, several clues point to a single firing. Based on this data, the production of glazed pottery at
Serdica seems to be related to the technical tradition observed in the Balkans and northern Italy between the
5* and 7% c. that continued in the “Byzantine Glazed White Ware I” of the 7* c.

Keywords: high-lead glazed ware, Early Byzantine pottery, Serdica, Bulgaria, manufacturing tech-
niques, body and glaze analysis, chemical analysis, WD-XRF, SEM-EDS

The 6™ — early 7™ c. pottery workshop in Sofia (the Lozenets residential district) is of
particular interest since production sites of glazed wares that have been identified archaeologically
are rare for this specific period (for earlier periods see Magrini, Sbarra 2005; Cvjeti¢anin 2006;
Hérshegyi, Ottomdanyi 2013). These glazed wares shortly precede the production of a repertoire
of Byzantine glazed wares in the early 7% c., according to John W. Hayes’ study at Sarachane,
Istanbul (Hayes 1992). They may therefore be seen as the “missing link” between late antique and
Byzantine glazed wares. Archacometric investigations have been undertaken to characterize the
materials used for the bodies and glazes of glazed ceramics produced in Sofia and to determining
the technological tradition to which these ceramics are related (Walton 2004; Waksman et
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al. 2007; Waksman et al. 2008; Capelli et al. 2009; Capelli et al. 2010a; Capelli et al. 2010b;
Walton, Tite 2010).

We considered a sample of 40 ceramics from the excavations of the Lozenets pottery workshop
(fig. 1) that were carried out in 2000 by a team from the National Archacological Institute with
Museum of the Bulgarian Academy of Sciences directed by Metodi Daskalov and Snezhana
Goryanova (Daskalov, Goryanova 2009; Aackasos, Topsnosa 2009; Daskalov 2024, in this
volume). This sample comes from a large assemblage found in close proximity to the pottery kilns
that has been interpreted as their dump (Todorova 2024, in this volume). Although this assemblage
seemed fairly homogeneous, we included in the sample overfired or distorted wasters in order to
secure local references. The sample also contains tablewares as well as common and cooking wares
that are both glazed and unglazed. The glazed and unglazed wares sometimes have the same form,
thus raising the question of double firing (fig. 1: top left). Most of the sherds in the sample belong to
the most common fabrics and forms of glazed wares, mainly jugs and mortars. Less common fabrics

BZN478

BZN473 BZN487

"

Fig. 1. Examples of sherds sampled from the Lozenets workshop: fragments of glazed jugs and unglazed counterparts (top
left), glazed mortar (top right), jug with lumps on the surface (bottom left), unglazed rim showing drops of glaze with a
central hole (bottom right). Analyzed samples are indicated by Lyon laboratory id (Photos: S. Y. Waksman)

O6p. 1. lpumepu 3a ppazmeHmu, 83emu om pabomusiHUUAMaA 8 Ke. ,J1o3eHey": hpaemeHmu om 21a3upaHu KaHu u
mexHUmMe He2a1a3upaHu aHaso3u (20pe 8/1A80), 21a3updH Mopmapudi (2ope 80ACHO), KaHa ¢ 6y4KU No nogspxHOCMMA
(Oony 8/180), HE21A3UPAHO ycmue C KanKu 2/1a3ypd, 8 UeHMspad HA KOUMO UMd ,kpamepyema” (00s1y 80ACHO).
AHanusupaHume npo6u ca 0603HayeHu ¢ udeHmugpukamop Ha aabopamopus 8 JluoH (CHumku: C. . Bakcman)
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1mm

Fig. 2. Photos of polished cross-sections of samples under the binocular microscope, showing total reduction (right) or par-
tial reduction (left) of the clay body on the glazed side. A large bubble at the surface of the glaze covered by crusting is also
visible at right (samples BZN469 on the left and BZN473 on the right; Photos: J. Burlot)

06p. 2. CHUMKU HG NOJIUPAHU HaNPeyYHU cedeHus Ha npobu, no2nedHamu nod 6UHOKY/IApeH MUKPOCKON, NOKazeauju
Nwv/1HA pedyKyus (80ACHO) uslu 4acmu4Ha pedykyus (8/180) HA 27IUHEHOMO MAI0 OM CMpaHama Ha 2n1asypama. BosicHo
ce 8UXO0A U 20/1AMO MeXypye Ha NOB8BPXHOCMMA HA 2/1a3ypamad, NOKPUMOo € KOpu4ka (81180 — npoba BZN469, e0scHo —
npoba BZN473; CHumku: X. bypsio)

and forms were sampled as well to include representatives of most of the glazed repertoire (e.g., jars
and cooking wares). A restricted number of unglazed wares was included as well to compare their
chemical characteristics.

A smaller sample of six sherds was selected for glaze analysis. Four were jugs (BZN467, BZN475)
and mortars (BZN469, BZN478). Two special cases were also considered: one jug bearing a large
number of round lumps on the surface of its glaze (fig. 1: BZN473) and an otherwise unglazed
sherd showing a large drop of glaze with a hole in the center (fig. 1: BZN487), a phenomenon
known as pitting or pin-holing depending on the depth of the “crater”! These two samples were
expected to provide further information on the glazing process. Unglazed sherds with either drops
or trails of glaze are frequent, suggesting that glazed and unglazed wares were fired together in the
same load in the kilns. The glaze applied to the former would have dripped onto the latter in a
(semi-)liquid state.

Optical microscopy

Observations of cross-sections of the sherds under a binocular microscope show their bodies
to be fairly coarse with inclusions reaching millimetric size (fig. 2). Most glazed sherds were only
partly reoxidized during cooling in the kiln; a few remained completely reduced (fig. 2: left and
right, respectively). In the former case, the reduced part of the sherd always corresponds to the
glazed side, which supports a single firing process where reoxidation during cooling could only
occur through the unglazed side.* Round lumps at the surface of the glaze, occasional on many
sherds and particularly abundant at the surface of sample BZN473, are bubbles trapped directly
below the surface rather than remains of unmelted glaze. Crusting may also be seen at the surface

of a large lump on BZN473 (fig. 2: top right). The pinhole in sample BZN487 would be another

! We thank Dr. Rumyana Koleva from Sofia University “St. Kliment Ohridski” for information about similar
defects on later glazed wares found at Silistra (Koleva 2009).

% See Picon 2002 for the successive steps of the firing cycle and the effects of an oxidizing or reducing atmosphere
in the kiln on the color of the pottery.
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id. Ca0 Fe,0; TiO, KO SO, ALO; MgO MnO (Na,0) (P,Os) zr (S) Rb Zn Cr Ni (Ba) VvV  Ce
BZN459 | 149 577 0707 259 6463 2136 1.59 0.0464 156 008 181 188 148 92 78 25 552 119 75
BZN460 | 1.46 545 0.671 270 6595 20.27 155 00463 165 006 164 198 142 85 74 25 571 115 77
BZN461 | 148 558 0715 257 6532 20.81 1.64 00447 160 008 179 187 143 90 78 27 550 124 75
BZN462 | 143 581 0721 248 6535 20.89 1.61 00454 139 010 177 183 143 89 78 24 543 126 76
BZN463 | 2.00 538 0638 351 6567 19.15 155 00533 171 017 178 213 153 83 74 24 578 96 73
BZNA64 | 149 544 0680 271 6598 2025 156 0.0450 158 009 166 192 148 85 76 25 544 117 81
BZN465 | 148 536 0.630 264 6691 19.69 1.44 00452 159 008 153 187 140 82 71 25 557 104 70
BZN466 | 1.45 583 0718 250 6522 2094 160 00478 138 014 170 184 143 89 78 25 556 127 67
BZN467 | 142 556 0.680 259 66.59 19.95 1.46 00502 141 012 166 181 143 84 73 22 565 123 72
BZN468 | 1.73 523 0.651 343 66.14 1950 137 0.0466 158 014 166 248 137 79 69 22 779 113 59
BZNA69 | 149 570 0.680 2.65 66.11 20.00 151 00522 153 011 170 199 143 84 74 23 593 120 73
BZN470 | 1.54 566 0.669 3.12 6509 20.07 1.68 00446 175 015 158 186 143 89 80 25 567 115 77
BZN471 | 141 531 0.655 272 66.73 19.84 146 00419 158 008 164 187 142 90 71 23 547 111 76
BZN472 | 144 546 0.691 266 66.15 20.18 154 00482 154 010 183 183 145 88 75 25 543 116 88
BZN473 | 1.99 564 0.696 252 6507 20.42 151 00437 151 042 175 266 141 8 78 25 794 122 80
BZN474 | 1.51 545 0.692 264 6595 2027 156 00476 159 012 192 190 149 8 77 23 576 115 87
BZN475 | 1.65 555 0.672 263 6621 19.87 147 00526 153 020 173 209 138 83 74 24 652 111 74
BZN476 | 2.05 575 0707 256 65.03 2029 1.48 00450 145 045 175 261 135 89 78 25 811 119 66
BZN477 | 136 571 0.683 257 6579 2052 156 0.0436 154 007 164 183 140 89 77 26 545 119 77
BZN478 | 144 531 0.681 264 6629 2022 154 00460 157 010 170 190 145 85 81 24 551 116 81
BZN479 | 148 549 0.683 262 66.40 19.90 151 00444 153 014 196 191 143 83 72 24 562 122 75
BZN480 | 143 567 0670 271 66.02 20.13 150 0.0479 158 007 163 187 151 87 77 25 558 112 88
BZN4A81 | 148 542 0670 268 6620 20.17 150 0.0427 156 011 163 187 144 87 74 24 556 111 75
BZN482 | 137 570 0.646 269 6655 19.86 1.41 00459 150 008 173 178 150 83 74 23 532 106 71
BZN483 | 1.45 545 0679 2.60 6654 19.89 149 00458 159 011 177 189 143 8 74 23 572 116 83
BZN484 | 205 576 0702 262 6496 2029 150 0.0463 142 044 166 254 134 88 83 28 899 126 75
BZN485 | 2.4 576 0.663 282 6509 2000 138 00523 148 041 166 245 136 89 79 24 980 106 66
BZN486 | 141 556 0.682 260 6598 20.40 153 0.0434 154 008 174 184 141 88 74 24 569 115 71
BZN487 | 145 551 0.676 262 66.10 2025 152 00455 151 011 167 187 141 84 74 25 564 118 77
BZN488 | 212 535 0.618 262 6627 19.41 128 00444 156 052 147 280 132 8 71 23 777 104 72
BZN489 | 1.45 557 0.680 2.97 6574 2025 153 00431 150 010 169 186 147 8 77 24 550 119 84
BZN490 | 141 596 0.748 244 6451 2150 171 00458 140 008 173 181 141 93 84 27 542 129 81
BZN491 | 143 583 0732 245 6516 21.03 1.64 00460 144 009 178 186 144 90 77 26 548 128 84
BZN492 | 139 574 0717 252 6550 20.82 159 0.0466 142 008 172 175 144 91 83 25 543 128 81
BZN493 | 141 547 0679 264 6596 2045 151 00430 155 011 163 184 142 87 74 24 550 118 77
BZN494 | 1.63 557 0.665 276 66.00 20.01 1.46 00429 157 013 154 202 136 87 76 25 703 116 75
BZN495 | 147 544 0648 271 66.60 19.82 145 00418 156 010 168 189 142 84 75 25 594 112 75
BZN496 | 2.03 551 0.656 2.86 6593 19.52 133 00585 151 039 167 305 136 84 70 24 825 109 74
BZN497 | 144 564 0.676 271 66.12 2009 151 00457 150 009 180 195 139 8 72 23 584 114 74
BZNA98 | 143 538 0.655 263 6673 19.84 149 00428 156 008 159 191 145 82 80 24 564 110 83

m 157 557 0.680 269 6586 20.20 1.51 0.0463 153 0.15 170 202 142 87 76 24 614 116 76
c 024 0.17 0.028 0.22 060 0.50 0.09 0.0035 0.08 0.13 10 32 5 3 4 1 113 7 6
min 136 523 0618 244 6451 19.15 128 0.0418 138 0.06 147 175 132 79 69 22 532 96 59
max 214 596 0.748 351 66.91 2150 171 0.0585 1.75 052 19 305 153 93 84 28 980 129 88

Table 1. Chemical composition of the ceramic body (WD-XRF; major and minor elements in oxide weight %, trace elements
in ppm; m: mean, o: standard deviation, min: minimum value, max: maximum value; elements between brackets were not
taken into account in the histogram presented on fig. 3)

Tabnuya 1. XumuveH cecmas Ha kepamudHomo mssno (WD-XRF; ocHO8HU U 8mopocmeneHHU efleMeHmuU 8 me2i08HU
9% Ha okcudd, MUKpoesieMeHmu 8 ppm; m: CpedHo, 0: CMAHOAPMHO OMKJ/IOHeHUE, Min: MUHUMAJTHA CMoUHOCM, max:
MAkcuMasnHa cmoliHocm; efleMeHmume 8 CKobu He ca 83emu npedsuod 8 npedcmaseHama xucmozpama Ha oop. 3)

aspect of the same phenomenon; bubbles of gas were cither trapped in the glaze (the surface lumps)
or exploded leaving a cavity in it (the pinholes). Both would be favored by a single firing, as a
first biscuit firing prior to glazing and a second firing would have liberated gases caused by organic
material contained in the clay body and so would have avoided such glazing defects.

Chemical analysis of the ceramic bodies

Chemical analysis of the ceramic bodies was carried out through wavelength-dispersive X-ray
fluorescence (WD-XRF) at the Lyon laboratory (CNRS UMR 5138) using a Bruker S8 Tiger
spectrometer. Samples were cut out with a diamond-coated saw, and any coating as well as the
external layer, chemical composition of which is more liable to be altered by the burial environment,
were removed. After heatingat 950°C (for the removal of water, volatile elements, organics), cooling,
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number of samples

137
BZN465

BZN474
BZN490
BZN497 | BEN471
BZN489 | BZN479

P
BZN481 | BZN461 | BZN484
BZN464 | BZN69 | BZNA76

5 T BZN462 | BZN491 | BZN48S Fig. 3. Histogram of the Mahalanobis distances
BZN494 | BZN466 | BZNA78 | BZN470 between each individual sample and the distribu-
BZN477 | BZN475 | BZN467 | BZN459 tion of the group

2 BZn4ad | Bzwdz2 | BENS39 | Ban4go 06p. 3. Xucrmozpama Ha pascmosHUAMA no

BZNA493 | BZN468 | BZNA92 | BZN48E | BZN482 |BZN468|  Mahalanobis Maxanarobuc mexdy scsika omdentHa npoba u
o |B2N487 BZN4B6|BZN4SS (BZNA73|BZN496|BZN463|  distance 2pynosomo pasnpedesietiue

8.1 8.15 8.2 8.25 8.3 8.35 8.4

and grinding, 800 mg of ceramic powder was mixed with 3200 mg of flux (lithium metaborate and
tetraborate). The mix was heated to a liquid state in a gold and platinum crucible then cast into
a bead. Analysis was carried out on these homogeneous beads of fixed size to determine a mean
chemical composition representative of the initial clay material. The calibration of the set-up was
based on the analysis of 40 geological standard reference materials (including CRPG, USGS, and
NIST certified international standards).?

The chemical compositions of the samples are very homogeneous, and the histogram of their
individual Mahalanobis distances to the distribution of the group shows its statistical consistency
(Table 1, fig. 3). They correspond to low calcareous bodies (mean CaO ~ 1.6 %) that are not very
ferruginous (Fe,O, ~ 5.6 %) and with concentrations in alkali and alkali-earths too high for us to
consider them kaolinitic (mean K,O ~2.7%, mean MgO ~ 1.5 %). Elements such as Sr, Ba,and P have
more variable concentrations, with distributions skewed towards high values that were interpreted as
pollution during burial (e.g. Picon 1991) and were not taken into account in the histogram (fig. 3).
Two samples differ because of a slightly higher potassium content (BZN463, BZN468). The same
clays were used in Serdica to manufacture the whole repertoire, whether glazed or unglazed and
designed for cooking or not. These low-calcareous clays are suitable for cooking wares that have to
withstand thermal stress, so it was not necessary to look for a different more appropriate material.* It
may be noted that the sherds that looked a bit different visually, with a clearer surface reminding us
of kaolinitic wares, were not distinguished from the others through chemical analysis.

Chemical analysis of the glazes

To analyze the ceramic glazes, samples were embedded in a polyester resin, cross-sectioned to
expose all the layers, polished up to a 1 pm diamond paste, and then carbon-coated for SEM-EDS®
analysis. Prior to carbon-coating, the cross-sections were observed under a binocular microscope
with magnifications ranging from 10x to 115x.

Glazes analyses were carried out with a SEM (FEI Quanta FEG 250) at the Technological
Center for Microstructures (CTy) in Lyon. The study of the microstructures was mainly performed

% A detailed description of the analytical setup and its performances may be found in Thirion-Merle 2024.

#Thisis not the general case, and it is commonly observed that different clays were used in workshops manufacturing
both cooking and tablewares; see, for example, Marchesi et al. 1997.

> Scanning Electron Microscopy/Energy Dispersive Spectroscopy.
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BZN473

Fig. 4. Backscattered electron (BSE) SEM images of cross-sections of glazed ceramics, showing the chemical contrast be-
tween the high-lead glaze and the underlying body (left), and zooming in on the surface structures of a crusting and of
altered glaze on top of the initial glaze (samples BZN478 on the left and BZN473 on the right; Photos: J. Burlot)

O6p. 4. 1306paxeHuUs Ha HANPEYHU CeYeHUs Ha 21a3UpaHa KepamuKa, NoJlydeHU Ype3 06pamHo pascesHuU esieKmpoHU
(BSE) u ckaHupawa enekKmpoHHa Mukpockonus (SEM), nokazeauju xumudeckus KOHmMpacm mexoy 21a3ypama ¢ 8UCOKO
Cv0BPXKAHUE HA 0J1080 U HAMUPAW0MO ce Nod Hesl M0 (8/1980) U y8esiudeHUe Ha N08BbPXHOCMHUME CMpyKmypu
Ha Kopa u Ha U3MeHeHa 2/1a3ypad 8bpXy Nspe8oHAYaIHama 2i1asypa (81180 — npoba BZN478, edsicHo — npoba BZN473;
CHumku: X. byprno)

using backscattered electron (BSE) images that differentiate various phases according to the
atomic numbers of their elementary content (fig. 3). Elemental compositions were determined by
energy-dispersive X-ray spectrometry (EDS) using an Oxford Instruments Ultim” Max 65 mm2
silicon drift detector. All measurements were operated at 15 kV acceleration voltage in 60 s by
setting the working distance at about 10 mm. Standardless quantification was performed using a
PAP correction method of the intensities. AZtecLive software was used for data acquisition and
evaluation, and the reliability of the results was tested by measuring reference glasses and geological
standards (Corning Brill B, C and D, DR-N). The compositions of the glazes are given as an average
of three to five measurements on different zones that avoided weathered areas and glaze-body
interfaces. In addition, spot analyses were carried out on selected inclusions.

The analysis of the glazes shows homogeneous composition. Lead is the only flux, with
concentrations reaching 70 % PbO and the contents in alkali being below 1.4 % Na,O+K O.
The iron concentrations are between 1.7 and 2.4 % FeO, which may account for the greenish to
brownish color of the glazes (when applied to a reduced or oxidized body surface, respectively;
Table 2). The respective concentrations of silicium in the bodies and glazes support that lead was
applied directly to the body surface and reacted with the silicon of the body to form the glaze (see,
for example, Waksman et al. 2008). Weathered layers may be observed as well as superficial layers
rich in lead, calcium, and phosphorus that correspond to crustings on some of the round lumps at
the surface of the glaze (fig. 4: right).

An interesting feature is the localized concentration of bismuth (up to 4 % Bi,O,) in inclusions
rich in lead at the body-glaze interface (sample BZN467, Table 2, fig. 5).° Such high concentrations
in Bi are rare in lead objects (L'Héritier et al. 2015) but were found in a wooden-lead anchor sunk

in the Black Sea off the coast of Bulgaria (Kuleff et al. 1995). Although the attribution of this

¢ Further investigations by LA-ICP-MS analysis are ongoing.
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id. Al,O; Sio, PbO Na,0 MgO K,0 Ca0 FeO  TiO, SrO  Bi,0,
glazes

BZN467 5.8 18.1 71.3 0.4 0.5 0.6 0.7 1.8 0.2 0.3

BZN469 5.8 16.2 73.4 0.2 0.5 0.4 0.9 1.8 0.2 0.3

BZN473 5.1 15.6 74.2 0.3 0.4 0.3 1.3 1.7 0.2 0.3

BZN475 5.3 17.7 71.3 0.2 0.5 0.6 0.7 2.8 0.2 0.2

BZN478 6.0 19.6 69.6 0.3 0.5 0.5 0.5 1.8 0.2 0.6

BZN487 7.4 22.2 64.2 0.6 0.7 0.7 0.9 2.4 0.3 0.4
inclusions at the body-glaze interface, BZN467

spectrum 1 7.9 23.1 57.4 0.2 0.2 2.6 0.8 2.5 0.4 0.1 3.9
spectrum 2 12.9 29.6 50.1 0.3 0.2 3.2 0.8 1.3 0.2 0.2 1.0

Table 2. Semi-quantitative chemical analysis of the glazes and of the selected inclusions shown on fig. 5, scanning electron
microscopy with energy-dispersive spectroscopy (SEM-EDS; oxide weight %)

Tabnuya 2. [TonykonuyecmeaeH XumudeH aHAAU3 HA /1a3ypume U Ha u36paHume 8KJII04EHUSA, NOKA3dHU Ha 06p. 5,
CKaHUpawa esieKmpoHHA MUKPOCKONUSA ¢ eHepauliHo-0ucnepcuoHHa cnekmpockonus (SEM-EDS; % mezno Ha okcuda)

Fig. 5. Inclusions at the body-glaze interface, backscattered
electron (BSE) image showing the location of SEM-EDS
analysis reported in Table 2 (sample BZN467; Photo: J. Bur-
lot)

O6p. 5. BktoueHUA Ha 2paHuyama Ha 8aaumodelicmeue
Mex0y KepaMU4YHOMO MAJIO U 21d3ypamad, u3obpaxeHue
upe3 06pamHo pasnpscHamu esiekmpoHu (BSE),
nokaseaujo mecmonoJsioxeHuemo Ha SEM-EDS
aHanusume, omyemeHnu 8 Tabnuya 2 (npoba BZN467;
CHumka: X. bypso)

anchor to a metal source in the Rhodope mountains was not clear, it is probably not by chance that
high-Bi lead is found in the glazes of a Bulgarian pottery production as well.

Concluding remarks

Chemical investigations of a sample of ceramics produced in the 6* - early 7" c. Lozenets
pottery workshop in Sofia indicate that all the categories of wares, whether glazed or unglazed and
designed for cooking or not, were manufactured with the same clay material. Several clues point to
a single firing.

Chemical analyses of the bodies and glazes show them to be low-calcareous bodies associated
with high-lead glazes. Such features belong to a technical tradition observed in the Balkans and
northern Italy in a period that is usually not very well-defined between the 5* and the 7 c. (Capelli
et al. 2009; Capelli et al. 2010a; Capelli et al. 2010b). The Lozenets material enables us to specify
more precisely that these characteristics are found in a 6™ — early 7% c. production that just precedes
that of Glazed White Ware I, considered to be the first Byzantine glazed wares stricto sensu. The latter
continues this tradition, with the nuance that the low-calcareous clays are kaolinitic (Waksman et
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al. 2007; Waksman et al. 2008).
Our analysis of wares produced in Sofia also shows that the glazes contain phases with high
concentrations of bismuth, a potential marker of the lead’s provenance.
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** YHugepcumem Jliomuep JluoH 2 — ArAr UMR 5138 Apxeonoaus u apxeomempus, [Jom Ha iamoka u
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PE3IOME

[Toabpanu ca 40 raasupanu u Heraasupanu kepamudHu $parmenta or VI — nasasoro na VII B,
IPOU3AU3AINM OT IPbHYApCKaTa pabotuanuua B kB. ,Aosenen”, Codus (anrtmuna Cepauka), 32 Aa ce
H3CACABA TEXHHUKATA MM Ha IIPOM3BOACTBO. XUMUYHUTE AHAAU3H HA KCPAMUYHHUTE TeAd ITOKA3BAT, Y€ CAMH
U CBIIl HUICKOBAPOBHUT TAMHEH MATEPUAA € M3IIOA3BAH 32 IPOUSBOACTBOTO HA BCHYKH KATCTOPUH CBAOBE
(rAasMpaHH M HETAasHpaHH, NPEAHASHAYCHHM MAHM HE 3a TOTBeHE). [AasypuTe ca ¢ BHCOKO ChABp)KAHHE
Ha OAOBO, CbC 320€ACKHMMO ChABPXKAHME HA OUCMYT B HSKOU BKAIOYCHUS, KOCTO MOXE A2 € IIOKa3aTCAHO
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3a IIPOM3XOAA HAa OAOBHUTE CBEAMHCHMS. llocAeAHHTE BEpOSTHO ca HAHACSHU AUPEKTHO BBPXY
HHCKOBAapOBHUTHTE TeAa 32 0OpasyBaHe Ha raasypara. [ To oTHoOIIeHMe Ha IIpolleca Ha ONIAABAHE HA CbAOBETE,
CBIIECTBYBALINUTE IIOAATKH COYAT, 4€ TO CE € OCBIIECTBSIBAAO CAMO BEAHBK. Bb3 OCHOBa Ha Te3u AAHHH ce
IPEAIIOAAra, 4e IPOU3BOACTBOTO Ha rAasupaHa Kepamuka B CepArKa e CBbP3aHO C TEXHUYECKATA TPAAHLIUS,
HabAropaBana Ha baakanure u B CeBepra Mraaust mexay V u VII B., KoTO npoabAKaBa A2 CHIIECTBYBA U
BbB ,,Busantuiicka raasupana 6eaorannena kepamuka [“ (GWWI) or VII b.

Karouosu AYMH: CBAOBC C ITOKPpHMTHC OT BHCOKOOAOBHA rAasypa, paHHOBH3aHTHI:I€Ka KCpaMHKa,

CCPAI/IKQ, B'bAI‘aPI/IS{, IIPOU3BOACTBCHU TCXHHUKH, aHAAN3 HA KCPAMHYHO TAAO H IAa3ypa, XUMHYCH aHAAHU3,

WD-XRF, SEM-EDS
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