Arheoloski vestnik 69, 2018, str. 369-436 369

Zgodnjesrednjevesko steklo na Slovenskem:
studij sestave in jagode iz halofitskega stekla

Early medieval glass in Slovenia:
Analytical study and beads of plant-ash glass

Timotej KNIFIC, Ziga SMIT

Izvlecek

S kombinirano metodo protonsko vzbujenih rentgenskih zarkov in Zarkov gama (PIXE, PIGE) smo analizirali steklene
jagode in nekaj drugih kosov stekla z zgodnjesrednjeveskih najdis¢ v Sloveniji. Z analizo, ki je zajela 179 vzorcev s 25
najdis¢, smo dokazali dve vrsti stekla, natronsko in halofitsko. Razlikujeta se po uporabljenem talilu, ki je bilo ali natron,
zmes natrijevega karbonata in bikarbonata, ali pepel halofitov, obmorskih slanoljubnih rastlin. Natronsko steklo je bilo
narejeno skladno z rimskim izro¢ilom, halofitsko steklo je vzhodnega izvora in se je pojavilo na zgodnjesrednjeveskih
najdis¢ih v Evropi v drugi polovici 8. st. V Sloveniji je bilo halofitsko steklo ugotovljeno na 18 najdi$¢ih, iz njega so na-
rejene mozaicne, ¢lenaste in enojne jagode. Njihov pojav je pomembno dejstvo za datacijo arheoloskih najdb, predvsem
nakita iz starejSega zgodnjesrednjeveskega obdobja. Predlagana zgodnja datacija za nekatere grobove s tak§nim nakitom
se tako premika v drugo polovico 8. in v 9. st. Jagode iz halofitskega stekla so pogoste tudi v grobovih s pridanimi kera-
mi¢nimi lonci, posamezne pa so znane tudi z vi$inskih najdi$¢ in iz nizinskih naselbin. Najmlaj$e jagode iz halofitskega
stekla so nasli skupaj z nakitom t. i. belobrdske kulture (druga polovica 10. in prva polovica 11. st.).

Kljuc¢ne besede: Slovenija, zgodnji srednji vek, analiza PIXE-PIGE, natronsko steklo, halofitsko steklo, steklene jagode,
nakit, konjenigka oprava, lon¢enina

Abstract

A combined method of proton-induced X-ray and gamma-ray emission (PIXE, PIGE) was used to analyse glass beads
and other glass fragments from early medieval sites in Slovenia. An analysis of 179 samples from 25 sites has identified
two types of glass: natron and plant-ash glass. They differ according to the alkalis used in their production, which was
either natron (a mixture of sodium carbonate and bicarbonate) or the ash of halophytes (coastal plants that tolerate high
salinity). Natron glass was manufactured in line with the Roman tradition, while the plant-ash (halophytic) glass is of
Eastern origins and started appearing at early medieval sites in Europe in the second half of the 8 c. In Slovenia, plant-
ash glass has been identified at 18 sites; it was used in mosaic, segmented, and simple beads, the appearance of which is
a significant fact for dating archaeological finds, particularly jewellery from an early period of the Early Middle Ages.
The presence of the plant-ash glass beads shifts the suggested early dating for some of the graves with such jewellery
to the second half of the 8" and the 9" c. Beads of plant-ash glass are common in graves containing pottery pots, and
individual beads of plant-ash glass are also known from hill-top sites and lowland settlements. The most recent beads
made of plant-ash glass have been found with the jewellery of the so-called Bijelo Brdo culture (the second half of the
10" and the first half of the 11% ¢.).

Keywords: Slovenia, Early Middle Ages, PIXE-PIGE analysis, natron glass, plant-ash glass, glass beads, jewellery,
equestrian equipment, pottery
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Na zgodnjesrednjeveskih najdis¢ih v Sloveniji so
nasli veliko stekla, najstevilnejse so jagode, manj
je nakita s steklenimi okrasnimi dodatki, nekaj je
tudi odlomkov surovcev in ¢repinj steklenih po-
sod. Prve fizikalne analize zgodnjesrednjeveskega
stekla so bile opravljene leta 2004 na najdbah z
Gradi$¢a nad Basljem.! Meritve po kombinirani
metodi PIXE-PIGE so pokazale dve vrsti stekla,
natronsko in halofitsko (sl. I). Razlikujeta se po
talilu, ki so ga uporabili: natron, zmes natrijevega
karbonata in bikarbonata, ali pa pepel halofitov,
obmorskih slanoljubnih rastlin. Steklo z manj kot
1,6 % MgO je bilo izdelano z natronom, steklo z
vedjim delezem MgO je halofitsko. V letih 2009
in 2010 smo raziskave raz$irili na steklene jagode
z ve¢ slovenskih arheoloskih najdi$¢.2 Ob natron-
skem steklu smo ugotovili tudi veliko primerkov
iz halofitskega stekla in v povezavi z njimi se je
postavilo vprasanje o ustreznem arheoloskem
datiranju nekaterih grobov ali celo sklopa najdb.?
Raziskave smo nadaljevali v letih 2015 in 2016, ko
smo analizirali §e drugo skupino steklenih jagod,
med njimi najnovejse najdbe iz Pomurja. Vse meritve
stekla, ki smo jih opravili od leta 2009 do 2016,
so prikazane na razpredelnici v prilogi (pril. A),
ki obsega 179 vzorcev s 25 najdis¢ (A 1-179).4

! Smit et al. 2009a; Smit et al. 2010.

2 Raziskave zgodnjesrednjeveskega stekla potekajo od leta
2004 v okviru raziskovalnega progama “Premi¢na kulturna
dedis¢ina: arheoloske in arheometri¢ne raziskave”, ki ga
vodi dr. Janka Isteni¢ (Narodni muzej Slovenije, Ljubljana).
Razskovalni program $t. P6-0283 je sofinancirala Javna
agencija za raziskovalno dejavnost Republike Slovenije iz
drzavnega proracuna.

3 Smit et al. 2012.

4 A (analizirani vzorec) + §t. = zaporedna §tevilka vzorca
na razpredelnici v prilogi (pril. A). Na slikah in tablah so
$tevilke vzorcev iz natronskega stekla rdece barve, $tevilke
vzorcev iz halofitskega stekla pa modre. Na razpredelnici
(pril. A) so sivo obarvana polja tistih vzorcev, pri katerih
je odstotek magnezija 1,6 % in ve¢, kar je znacilnost
halofitskega stekla. — Pri meritvah leta 2004 smo jasno
razlikovali med natronskim in halofitskim steklom, zaradi
manj zanesljivega postopka normalizacije spektrov gama
pa so tedanje Stevil¢ne vrednosti manj natanc¢ne kot pri
analizah, opravljenih v letih 2009-2016, in jih zato nismo
vkljucili v razpredelnico (pril. A).

FIZIKALNE MERITVE
Eksperiment

Meritve smo opravili s tandemskim pospese-
valnikom na Institutu Jozefa Stefana v Ljubljani.
Uporabili smo dve analitski metodi, in sicer
metodo protonsko vzbujenih rentgenskih zarkov
(PIXE) za elemente, tezje od silicija, in metodo
protonsko vzbujenih zZarkov gama (PIGE) za ana-
lizo natrija, magnezija in aluminija. Nominalna
energija protonov je bila 3 MeV, vendar se je na
tar¢i zmanj$ala na priblizno 2,7 MeV, ker so pro-
toni izgubili del energije v izstopnem okencu in
v priblizno 1 cm $iroki zra¢ni rezi med izstopnim
okencem in taréo. Sirino zra¢ne reze smo fiksirali
z mehanskimi distan¢niki. Profil zarka na tarci je
bil Gaussov s $irino na polovi¢ni vi$ini priblizno
0,8 mm. [zsevane rentgenske Zarke smo zaznavali s
Si(Li) detektorjem z locljivostjo 160 eV pri energiji
5,89 keV, ki je oklepal kot 45° s pravokotnico na
tar¢o. Razdalja med obsevanim delom na tar¢i in
detektorjem je bila priblizno 6 cm. Natan¢ni de-
belini obeh rez smo dolo¢ili z merjenjem sestave
tar¢ iz Cistih elementov in enostavnih kovinskih
oksidov, pri cemer smo za normalizacijo uporabili
argonov signal iz zra¢ne reze.

Jagode so bile izmerjene v dveh serijah z raz-
li¢cnima nastavitvama. V prvi seriji, ki je obsegala
112 meritev,® smo v vsaki toc¢ki izmerili tri spektre:
dva PIXE in enega PIGE. Za meritve PIXE smo
kot izhodno okence uporabili 8 um debelo alu-
minijevo folijo, saj sipani aluminijevi zarki K z
energijo 1,5 keV ne prispevajo k ozadju v spektru.
Nizkoenergijske meritve PIXE so zajele elemente
med silicijem in Zelezom. Pri tem smo protonski
tok nastavili na nekaj desetink nA, saj je bila edini
absorber le 5,7 cm Siroka zrac¢na reza. Posamezna
meritev je trajala 300-500 sekund. Za visokoener-
gijski spekter PIXE smo tok protonov nastavili na
priblizno 1 nA in opremili detektor z dodatnim
absorberjem iz 0,1 mm debele aluminijeve folije.
Obcutljivost za srednje tezke elemente okoli Sr je
bila tako okoli 10 pg/g. Obdelavo spektrov smo
opravili s programom AXIL, podatke za jakost ¢rt
iz obeh meritev pa smo zdruzili v en set podatkov
numeric¢no, tako da smo za normalizacijo uporabili
¢rto Ka zeleza.

Tretji spekter zarkov gama je vseboval ¢rte za
steklo pomembnih elementov natrija, magnezija

5 Na razpredelnici (pril. A) so to vzorci A 1-10, 12-22,
26-38, 41-87, 92-98, 102-106, 119-127, 135-144.
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in aluminija. Izhodno okence pri teh meritvah je
bila 2 um debela tantalova folija, ki ne povzroca
ozadja v spektrih gama do energije priblizno 300
keV. Uporabili smo detektor iz ¢istega germanija
z relativno uéinkovitostjo 40 %. Merili smo ¢rte,
ki nastanejo pri neelasticnem sipanju protonov na
jedrih, in sicer 440 keV v Na, 585 keV v Mg ter
844 in 1014 keV v Al.° Neodvisno smo izmerili
tudi jakost ¢rte z energijo 583 keV iz naravnega
ozadja in njen prispevek odsteli od pridelka ma-
gnezijeve ¢rte. Pri vzorcih halofitskega stekla, ki
vsebujejo nekaj odstotkov MgO, je bil prispevek
ozadja manjsi od 10 % jakosti magnezijeve Crte, pri
natronskem steklu sta bila oba prispevka priblizno
enaka. Ta pojav je zmanj$al obcutljivost za MgO na
priblizno 0,3 %. Protonski tok pri meritvah PIGE
je bil nekaj nA, zbrani naboj vpadlih protonov, ki
smo ga merili s kovinsko mrezico v vakuumu,’
je bil 3 uC. Za obdelavo spektrov smo uporabili
program GRILS iz programskega paketa GANAAS.

V drugi seriji, ki je $tela 67 meritev,® smo so-
¢asno merili rentgenski spekter in spekter gama,
pri cemer smo kot izhodno okence uporabili 2 um
debelo tantalovo folijo. Sipane tantalove ¢rte L so
v rentgenskih spektrih prispevale §ibko ozadje, ki
smo ga odsteli pri obdelavi spektrov. Protonski tok
je bil okoli 1,2 nA, zbrani naboj protonov pa 3 pC.
Da smo uravnotezili hitrost $tetja tako lahkih kot
tezkih elementov, smo rentgenski detektor opre-
mili s tako imenovanim funny filtrom iz 0,05 mm
debele aluminijeve folije, v kateri je bila luknjica z
relativno odprtino 0,0883. Jakosti ¢rt, ki smo jih
dobili pri obdelavi spektrov, smo nato numeri¢no
popravili glede na prepustnost filtra.

Elementne koncentracije smo izracunali iterativno,
tako da smo socasno upostevali matri¢ne uéinke za
rentgenske zarke in zarke gama. Stekleni standard
NIST 620 smo uporabili za doloc¢itev koncentracij
Na, Mg in Al v povrsinski aproksimaciji;’ iterativni
postopek je pri tem odvisen le od zavorne sile pro-
tonov v tar¢i. Koncentracije iz jakosti rentgenskih
¢rt smo izrac¢unali z metodo neodvisnih fizikalnih
parametrov, tako da smo upostevali ustavljanje
protonov in absorpcijo rentgenskih Zarkov v tarci.
Ker je steklo mesanica oksidov, smo vsoto vseh
kovinskih oksidov normirali. Po drugi strani smo

¢ Hirvonen, Lappalainen 1995, 592-593; Savidou et
al. 1999.

7 Jezersek, Smit, Pelicon 2010.

8 Na razpredelnici (pril. A) so to vzorci §t. A 11, 23-25,
39, 40, 88-91, 99-101, 107-118, 128-134, 145-179.

° Climent-Font et al. 2008.

vsoto kovinskih oksidov lahko izrac¢unali iz jakosti
argonove Crte, ki je nastala zaradi vzbujanja argona
v zra¢ni rezi med izhodnim okencem in tarco.
Razlike do 20 % smo obravnavali kot sprejemljive,
vedje pa so bile znak, da absorpcije rentgenskih
zarkov v tar¢i ne upostevamo pravilno. Razlog za to
je bil geometrijski, saj povrsina jagod ve¢inoma ni
bila dovolj ravna in gladka. Druga¢no porazdelitev
rentgenskih absorpcijskih dolzin smo simulirali
tako, da smo v racunu spreminjali izstopni kot
rentgenskih zarkov. Testno smo spreminjali tudi
vse vhodne parametre v obsegu, kakr$nega smo
pri¢akovali pri meritvah. Pri tem so izhodne kon-
centracije variirale priblizno za 10-15 %. Obcasno
smo tudi merili steklena standarda NIST 620 in
621 kot neznani tarci. Razlike med izmerjenimi
in podanimi koncentracijami so bile tedaj manjse,
obicajno znotraj £ 5 %.

Rezultati

Elementne koncentracije 179 vzorcev so podane
v masnih odstotkih (pril. A). Meje obcutljivosti
za elemente, ki smo jih dobili iz spektrov gama,
0 50 pg/g za Na,O, 0,2 % za MgO in 500 pg/g za
Al O,. Za elemente, ki smo jih dobili iz rentgenskih
spektrov, so 0,5 % za P,O., 500 ug/g za SO, in 150
ug/g za Cl. Za kovinske okside med Cr in Zn so
okoli 10 pg/g in narastejo na 20 ug/g za elemente,
teZje od As. Za PbO, ki smo ga dolo¢ili glede na
svinceve ¢rte L, je meja obcutljivosti 30 pg/g, za
BaO, katerega ¢rte L sovpadajo s ¢rtami K titana,
so okrog 200 pg/g.

Vecina jagod vsebuje ve¢ kot 9 % Na,O, kar
pomeni, da so res steklene. Vsebnost Na,O pri
treh jagodah je manjsa od 3 %. Pri zeleni jagodi
iz Smokuca (A 107) je koli¢ina natrija nezaznav-
na, vendar vsebuje 61 % PbO in 26 % P,O., bela
jagoda iz Murske Sobote (A 164) vsebuje le 2,7 %
Na,O, vendar 90,4 % SiO, rumena jagoda iz No-
ve table (A 146) z 1,11 % Na,O pa 32,4 % SiO,,
24,9 % P,O in 24,8 % PbO. Jagodi iz Smokuca in
Nove table sta predstavnici zgodnjesrednjeveskega
svincevega stekla,!? Ceprav vsebujeta nekaj vec
fosforja, kot so izmerjene vrednosti pri drugih
primerkih.!! Majhna vsebnost natrija pri jagodi iz
Murske Sobote je verjetno posledica preperevanja,
kar potrjuje tudi videz same povrsine.

10 Mecking 2013.
11 Mecking 2011, 332.
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Pri vzorcih iz pravega stekla smo najprej preverili,
ali gre za natronsko ali halofitsko steklo. Na grafu
MgO-K,O sta jasno vidni dve skupini vzorcev (sL. I).
Steklo z vsebnostjo MgO pod 1,6 % je opredeljeno
kot natronsko steklo; pripadajoce vrednosti K,O
naj bi bile manj$e kot 1 %.'* Pri nasih vzorcih iz
natronskega stekla so vrednosti K,O vedje, in sicer
pri priblizno polovici vzorcev nad 1 %, pri $tirih
vzorcih so celo med 2 in 3 % (A 84,121,125,155).
Velike vsebnosti kalija so lahko posledica recikli-
ranja, ko je raztaljeno steklo v pe¢i prislo v stik z
glinenci ali drugimi, s kalijem bogatimi minerali.
Trije vzorci so priblizno na sredini med natronsko
in halofitsko skupino, verjetno gre za steklo, reci-
klirano iz obeh vrst stekla. Halofitsko steklo ima
vedji raztros magnezijevih in kalijevih koncentracij,
kar kaze na rabo razli¢nih rastlin. Vse mozai¢ne
jagode z ocesci so narejene iz halofitskega stekla.
Pri §tirih taks$nih jagodah smo opravili 20 meritev
na poljih z razli¢nimi barvami; analizirane jagode
so iz Ljubljane (A 2-6), Bele Cerkve (A 7-10) in
s Przanja (A 12-22).

Natronsko steklo

Natronsko steklo je narejeno iz obreznega kre-
mencevega peska, ki Ze vsebuje kalcij, na primer
v lupinah mehkuzcev. Necistoce, kot so aluminij,
titan, Zelezo, pa tudi kalcij, nam lahko razkrijejo
izvor peska. Glavni proizvodni centri surovega
stekla v pozni antiki so bili v Egiptu in Palestini,'?
v zgodnej$em - cesarskem - obdobju so manjse
koli¢ine stekla izdelovali tudi v Italiji in zahodnem
Sredozemlju.!4

V zadnjih petnajstih letih so raziskovalci prepo-
znali nekaj tipov rimskega in poznoanti¢nega stekla,
ki smo jih oznad¢ili na diagramu na sl. 2. Znacilna
obmocja oksidov CaO in Al,O, so prikazana z me-
jami, ki segajo *+ 20 od srednje vrednosti. Steklo z
najdis¢ v juzni Franciji so po opravljenih analizah
razdelili na 12 skupin.!® V skupinah 3 in 4 je steklo
iz cesarskega obdobja; skupini se razlikujeta po
vrsti belila, prva je razbarvana z manganom, druga
z antimonom. Stevilne vrste stekla povezujejo s
poznoanticnim obdobjem: skupina 3.2 je datirana
v ¢as od konca 5. do zacetka 6. st., skupina 3.3 pa
od zacetka 7. do zacetka 8. st. Za skupino 2, ki se

12 Sayre, Smith 1961.

13 Freestone 2005, 3.

14 Ganio et al. 2012a; Ganio et al. 2012b.
15 Foy et al. 2003.

pojavlja od sredine 6. do konca 8. st., je znacilna
nekoliko vecja koncentracija MgO, okoli 1,2 %.
Skupino 1, ki vsebuje znatne koncentracije Fe, Mn
in Ti (pa tudi vecje koncentracije Na,O in MgO),
so povezali z Egiptom v prvi polovici 5. st.

Podobne skupine so prepoznali tudi angleski
raziskovalci. Identificirali so levantinsko steklo I.
(Levantine I), ki je znacilno za pozno antiko med 5.
in 7. st., ter steklo HIMT (veliko Zeleza, mangana
in titana), ki je zelo podobno steklu juznofrancoske
skupine 1.1 Steklo HIMT so pogosto uporabljali
v zahodni polovici rimske drzave od 4. st. dalje;
predlagana je bila tudi podrobnejsa delitev stekla
HIMT na podskupine.!” Juznofrancosko skupino 2
so enacili tudi s tako imenovanim $ibkim steklom
HIMT!® ali s steklom HLIMT (z ve¢ CaO; HL =
high lime).' Levantinsko steklo II. (Levantine II)
so identificirali v Bet Eliezerju v Izraelu in ga
postavili v 6.-8. st.; steklo Egipt II je iz 8. in 9.
st.2% Nadaljnjo razdelitev stekla so predlagali na
podlagi najdb iz Fragole v osrednji Italiji, datiranih
v obdobje med 3. in 9. st.?!

Kot kazejo koncentracije CaO in Al,O,, steklene
jagode s slovenskih najdis¢ v splosnem sovpadajo z
navedenimi skupinami stekla do 9. st. (sL. 2). Odstopa
le nekaj vzorcev: za pet jagod so znacilne velike
koncentracije CaO (A 26,83,120,121,163), za druge
stiri velika koncentracija AL,O, (A 146,153,158,177).
Jagoda z drugo najvecjo koncentracijo CaO vsebuje
tudi 10,3 % PbO (A 83); kot rumeno barvilo so
verjetno uporabili kalcijev plumbat. Za jagode z
veliko vsebnostjo aluminija nimamo zadovoljive
razlage. Visoka koncentracija aluminija je lahko
posledica povrsinske kontaminacije, vendar pri
jagodah A 158 in A 177, ki sta prosojne zelene
barve, povrsinska koncentracija ni posebno verjetna.

Steklo jagod se razlikuje tudi po vsebnosti
zeleza, titana in aluminija (sl. 3-5). Pri Zelezu ne
moremo razlikovati med posameznimi kemijski-
mi stanji, zato uporabljamo Fe,O, za oba oksida.
Graf zelezo-mangan (sl. 3) kaze le dva, najve¢ tri
primerke stekla HIMT (A 65,74,113). Podobni so
rezultati analize stekla z najdi$¢a Tonovcov grad.??
To se sklada z ugotovitvijo, da je steklo HIMT

16 Freestone 2005, 6.

17 Foster, Jackson 2009.

18 Jackson, Paynter 2016.

19 Ceglia et al. 2015.

20 Freestone 2005, 14.

21 Gliozzo 2016; Gliozzo et. al. 2015; Gliozzo et. al. 2016.
22 Smit et al. 2013, 57.
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SL I: Koncentracije MgO in K,O (v masnih %) kazejo
razdelitev jagod iz natronskega in halofitskega stekla.
Mozai¢ne jagode z ocesci so narejene iz halofitskega stekla.
Fig. 1: MgO and K,O concentrations (in mass %) show
distribution into natron and halophytic glass. Beads with
mosaic decoration are all made of plant-ash glass.
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S 3: Koncentracije Mn in Fe oksidov, prikazano je tudi
obmo¢je stekla HIMT.
Fig. 3: Mn and Fe oxide concentrations, also shown is the
region of HIMT glass.

bolj pogosto krozilo v zahodnej$em delu rimske
drzave, kar se je nadaljevalo tudi v pozni antiki.

Na grafu titan-zelezo (sl. 4) vidimo, da nekatere
izmere natronskega stekla z velikimi koncentracijami
titana (A 37,56,93) leZijo ob premici, ki bi lahko
oznacevala reciklirano steklo HIMT. V splo$nem
pa natronsko in halofitsko steklo ne kazeta kak$nih
sistematskih razlik glede na vsebnost aluminija
(sl. 5), vendar imajo nekateri vzorci natronskega
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SL 2: Koncentracije CaO in Al,O, v povezavi s skupinami
poznoanti¢nega in zgodnjesrednjeveskega stekla.

Fig. 2: CaO in AL O, concentrations with respect to the
regions of late Roman and early medieval glass groups.
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SL. 4: Koncentracija TiO, kot funkcija Fe,O, je znacilna za
vrsto kremencevega peska. Visoke koncentracije titana so
korelirane z zelezom.

Fig. 4: TiO, versus Fe,O, as fingerprint of the sand used.
High titanium values appear correlated with iron.

stekla zelo veliko koncentracijo zeleza, nad 6 %
(A 147,149,152,153,156). Tako velike koncentracije
zeleza so bile verjetno potrebne za obarvanje stekla,
saj so jagode, ki vsebujejo okrog 10 % Zelezovega
oksida, motno ¢rne, jagode s 3-5 % Zelezovega
oksida pa temno rjave.

Pred kratkim je bilo predlagano, da bi steklo, na-
rejeno v Egiptu in Palestini, razlikovali po vsebnosti
titanovih in aluminijevih oksidov, tako da bi podali
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SL 5: Koncentracija Al,O, kot funkcija Fe,O, oznacuje
primesi v pesku. Velike koncentracije Zeleza se pojavljajo
v ¢rnih in temno rjavih jagodah in so bile verjetno dodane
kot pigment.

Fig. 5: Al,O, versus Fe,0, indicating impurities in the sand.
High Fe values refer to black and dark brown beads and
are result of pigmentation.
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SL 7: Vsebnost Sb,0, in MnO v jagodah iz natronskega
stekla. Vsebnost antimona v prozornih jagodah (razen v
eni) je manjsa od 0,2 %.

Fig. 7: The content of Sb,0, and MnO in natron glass
beads. The content of antimony in transparent beads is
(except for one bead) smaller than 0.2%.
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SI. 6: Kombiniran graf za primesi, ki so znacilne za vrsto
kremencevega peska (po predlogu Schibille, Sterrett-Krause,
Freestone 2016), z oznac¢eno mejo med egiptovskim (zgo-
raj) in levantinskim (spodaj) virom kremencevega peska.
Fig. 6: A combined graph of impurities characteristic for
the sand as proposed by Schibille, Sterrett-Krause, Freesto-
ne (2016), with the separation line between the Egyptian
(upper) and Levantine (lower) regions of siliceous sands.
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Sl. 8: Relativni delez Na in K oksidov v skupnem delezu
alkalnih in zemljoalkalijskih oksidov. Oznacena polja
kaZejo obmo¢ja beneskega stekla vitrum blanchum (Smit
et al. 2004; 2009b).

Fig. 8: The relative fraction of Na and K oxides in the total
content of alkaline and alkaline earth oxides. The contours
mark the regions of the Venetian vitrum blanchum glass
(Smit et al. 2004; 2009b).
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razmerje TiO,/Al,O, kot funkcijo AL, 0,/Si0,.2 V
nasem primeru ne opazimo jasne razmejitve med
obema skupinama (sl. 6). Pri natronskem steklu
je Stevilo primerkov, ki bi lahko izvirali iz Egipta,
vedje od tistih, ki bi lahko izvirali iz Palestine. Pri
halofitskem steklu opazimo, da podatki meritev
mozai¢nih jagod z ocesci lezijo na obeh straneh
meje, ki so jo predlagali N. Schibille in sodelavci.?*
Nekateri primerki stekla kazejo precej veliko raz-
merje TiO,/Al, O, ki je izven obsega objavljenih
vrednosti (A 74,121).

Natronsko steklo so zelo verjetno veckrat reci-
klirali, preden so ga kon¢no uporabili v jagodah.
Pokazatelj recikliranja je antimon, ki so ga uporabljali
kot belilo v razmeroma kratkem obdobju 2. in 3. st.
n. §t.%> Koncentracije Sb,0, so v prozornem steklu
obicajno pod 0,2 % (sl. 7), kar je mejna vrednost
za namensko dodajanje.?® Le pri enem vzorcu iz
prozornega stekla je koncentracija antimona 1,06 %
(A 43) in jo imamo lahko za namensko. Zanimivo je
opaziti, da so vrednosti Sb,0, ve¢je kot 0,2 % tudi
pri mnogih primerkih obarvanega stekla (belega
in modrega; npr. A 32,41,106,114,132). Sklepamo
lahko, da antimon v tem steklu pripada pigmentu.

Natronsko steklo smo poskusali klasificirati $e
po metodi E. Gliozzo, ki temelji na koncentracijah
desetih znadilnih elementov.?’ V ta namen smo
vpeljali sistem tock: pri vsakem vzorcu smo pre-
gledali vse mozne tipe stekla in pri vsakem tipu
preverili koncentracije vseh desetih elementov. Ce
se je koncentracija posameznega elementa v steklu
razlikovala od referen¢ne za manj kot dve standar-
dni deviaciji, smo temu tipu stekla pripisali toc¢ko.
Kon¢ni tip stekla smo nato dolo¢ili po najvecjem
$tevilu zbranih tock. Pri postopku pa se je izkazalo,
da je velik del natronskega stekla (32 od skupno 80
vzorcev) ostal nedoloden, saj se je pri dveh ali ve¢
tipih stekla pojavilo enako $tevilo tock. Med oprede-
ljivimi primerki je prevladovalo poznoanti¢no steklo,
razbarvano z manganom (LAC-Mn, 42 primerkov).
Drugi primerki so bili tipa LAC-Sb (en primerek;
A 90) in LAC-MnSb (dva primerka; A 30,55). Med
vzorci so bili tudi trije primerki zgodnjega rimskega
stekla, in sicer iz naravno obarvanega stekla tipa
RNCBGY2 (A 77) in dva iz brezbarvnega stekla
tipa RC-MnSb (A 49,147).

23 Schibille, Sterrett-Krause, Freestone 2016.

24 1h., 15, sl. 9.

25 Foy et al. 2003, 80; Silvestri, Molin, Salviulo 2008,
337-338.

26 Silvestri, Molin, Salviulo 2008.

27 Gliozzo 2016; Gliozzo et al. 2015.

Halofitsko steklo

Med vzorci smo v 94 primerih ugotovili, da
so izdelani iz halofitskega stekla, pri katerem so
kot talilo uporabili pepel slanoljubnih obmorskih
rastlin (pril. A).28

Rastlinski pepel vsebuje vecje Stevilo primesi
kot natron. Pri izdelavi surovega stekla je po-
membno, da pepel vsebuje tudi okside zemljoal-
kalijskih kovin, ki prispevajo k njegovi kemijski
stabilnosti. Za izdelavo stekla so pepel ¢istili po
razli¢nih postopkih, ki nam v podrobnostih niso
znani. Skrajni primer ¢i$¢enja je obarjanje, ko so
snov raztopili v vodi, mehansko odstranili netopne
snovi, teko¢ino pa izparili. Steklo te vrste je lahko
prepoznati, saj z obarjanjem odstranimo netopne
stroncijeve spojine, tako da je koncentracija rubi-
dija v steklu vecja od stroncijeve. Pri vseh nasih
vzorcih so koncentracije SrO veéje od 280 pg/g,
kar izkljucuje ¢istilni postopek z obarjanjem. Tako
velike vrednosti so znacilne za steklo, za katero so
pri taljenju uporabili talilo iz rastlinskega pepela,
pa tudi za steklo, narejeno iz obreznih kremen-
Cevih peskov.??

Izvor pepela se da dolo¢iti po grafu, ki prikazuje
relativna deleZa natrija in kalija v skupni vsebno-
sti alkalnih in zemljoalkalijskih kovin.*® Vzorci
halofitskega stekla z zgodnjesrednjeveskih najdi§¢
v Sloveniji so ve¢inoma omejeni na obmocdje, ki
smo ga pri raziskavah beneskega stekla oznacili
kot vitrum blanchum II (sl. 8).3! Ceprav so nase
jagode 400 do 700 let starejse kot benesko steklo,
se zdi, da so v obeh primerih izkorisc¢ali enake
vire rastlin in uporabljali enake ¢istilne postopke.
Vir pepela za steklo vitrum blanchum II je kljub
temu $e vedno vprasljiv, v literaturi se pojavljajo
nasprotujoce si razlage. Ena od njih je, da so to
steklo izdelovali v Benetkah vzporedno s steklom
vitrum blanchum 1,? druga pa, da je samo steklo
vitrum blanchum I izvirno benesko,* steklo vitrum
blanchum II pa je bilo izdelano na beneski nacin
(a fagon de Venise) z manj kvalitetnimi alkalijami
barilla iz Spanije.*

V prejsnjem ¢lanku o zgodnjesrednjeveskih ste-
klenih jagodah z najdis¢ v Sloveniji smo pokazali,

28V stolpcu MgO na pril. A so sivo obarvana polja z
odstotnimi vrednostmi za halofitsko steklo.

29 Freestone 2005, 4.

30 De Raedt 2001, 125.

31 Smit et al. 2009b.

32 Smit et al. 2004.

33 Cagno et al. 2012b.

3 Cagno et al. 2012a, 1547-1548.
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da so steklo, podobno vitrum blanchum II, med
8. in 10. st. izdelovali tudi v vzhodni Evropi od
Bolgarije do juzne Rusije, v Mezopotamiji in v
okolici Aralskega jezera.’> Sklepamo, da pepel v
steklu vitrum blanchum II pripada izbrani rastli-
ni ali izbranim rastlinskim delom. Ob tem smo
opozorili na podobnost med steklom z najdi$¢a
Banias v Izraelu iz 11. in 13. st. in steklom vrste
vitrum blanchum 1.3¢ Ker je levantinsko obmog¢je
pridelovalo najfinejsi rastlinski pepel za benesko
steklarstvo, znan pod imenom alume catino,’” so
pepel za steklo vitrum blanchum II pridobivali iz
drugega vira. Najverjetnejsi kandidat so pus¢avske
rastline, ki so jih nabirali globlje v notranjosti.

Jagode iz halofitskega stekla so tako vzhodnega
izvora in so verjetno dosegle nase kraje kot gotovi
izdelki. Stevilni kosi surovega stekla in nakit s
steklenimi okraski pricajo tudi o domaci steklar-
ski dejavnosti. Steklene izdelke so izdelovali iz
razpolozljivega surovega in recikliranega stekla,
pri katerem pa je prevladovalo starejse, rimsko
steklo iz natrona.

ARHEOLOSKA OPREDELITEV
Izhodisce

Analiza izbranih jagod z zgodnjesrednjeveskih
najdis¢ v Sloveniji, opravljena v letih 2009-2016,
je pri 85 vzorcih pokazala natronsko, pri 94 pa
halofitsko steklo (pril. A). Dve vrsti stekla sta bili
evropska novost in posledica razmer v Sredozemlju,
severni Afriki in na Bliznjem vzhodu, zaradi katerih
se je v zgodnjem srednjem veku moc¢no spremenil
nacin pridobivanja surovega stekla.

Steklena masa nastane iz treh sestavin tako,
da se tali§¢e kremenovega dioksida, ki je glavna
sestavina stekla, zniza s talilom iz alkalnih snovi,
za kemijsko stabilnost pa se dodajo oksidi zemljo-
alkalijskih kovin. Med priblizno 800 pr. n. §t. in 800
n. $t. so alkalno talilo, znano pod imenom natron,
pridobivali iz sedimentov suhih egiptovskih jezer.?8
Natronsko steklo so uporabljali v rimskem svetu,
pa tudi $e v poznoanti¢ni in zgodnjesrednjeveski
Evropi. Zaradi politi¢nih dogodkov v Egiptu je bil
od 7. st. dostop do natrona oteZen, zato so zaceli
pridobivati alkalne snovi iz pepela slanoljubnih

35 Smit et al. 2012, 11-12.

36 Smit et al. 2012, 12.

37 McCray 1998.

38 Nenna, Picon, Vichy 2000.

rastlin (halofitov), ki rastejo v morskem obreznem
pasu in po puscavah.* Ceprav naravni natron
vsebuje $tevilne natrijeve spojine, je kemijsko
razmeroma Cist, tako da je mogoce razlikovati med
obema vrstama stekla glede na koli¢ino primesi
magnezijevih in kalijevih spojin.*?

Steklo, narejeno z dodatkom rastlinskega pe-
pela, so poznali Ze v bronastodobnem Egiptu in
Mezopotamiji, v kateri ta tehnika izdelave stekla
ni nikoli zamrla.*! V zgodnjem srednjem veku
se je proizvodnja halofitskega stekla uveljavila in
razvila na vzhodu, v krajih pod muslimansko in
bizantinsko oblastjo.*? V drugi polovici 8. st. so
verjetno od tam prihajale po razli¢nih poteh v
Evropo mozai¢ne jagode z ocesci ter ¢lenaste in
enojne jagode iz vlec¢enega stekla, ki so sestavljale
razli¢ne nize.*?

Taksne jagode so nasli tudi na slovenskih naj-
disc¢ih (sl. 9; t. 1) in z analizami PIXE-PIGE je
bilo ugotovljeno, da so narejene iz halofitskega
stekla (pril. A). Dejstvo, da so razmeroma §tevil-
ne, raznovrstne in razsirjene, je povod za njihovo
podrobnej$o predstavitev, njihova prisotnost na
21 najdiscih v zelo razli¢nih arheoloskih okoljih
pa opozarja na nekatere kronoloske razmejitve, ki
jih bomo osvetlili v nadaljevanju.

Zgodovina raziskav

Mozaiéne jagode z ocesci (tri niso bile analizi-
rane) in druge jagode iz halofitskega stekla so v
Sloveniji znane z 21 najdis¢ (sl. 9).** Zgodovina
raziskovanja jagod te vrste se deli na obdobje
zbiranja in obdobje preucevanja. Prvo obdobje se
je zacelo v poznem 19. st. z naklju¢nimi najdbami
jagod (sl. 10) pri cerkvi Device Marije na polju pri
Bovcu (H 1)* in na ledini Brdo na Bledu (H 5).

3 Shortland et al. 2006.

40 Sayre 1961; Zucchiatti et al. 2007.

41 Rehren 2008.

2 Smit et al. 2012.

43 Za pojav mozai¢nih jagod v poznem 8. st. gl. Callmer
1997, 199, PL. 16; Poche 2005, 60. Za datiranje v drugo
polovico 8. st.: Ungerman 2005, 723-724; Eichert 2010,
99-100; Ungerman 2016, 186.

44 Po metodi PIXE-PIGE so bile analizirane jagode z 18
najdis¢. Na karto (sL 9) in v katalog najdis¢ so vkljucene
tudi tri mozai¢ne jagode z olesci, ki niso bile analizirane;
to so jagode iz Bovca (pogre$ana), Roj pri Morav¢ah (na
Dunaju) in An¢nikovega gradiSca pri Jurisni vasi.

4 H (halofitsko steklo) + §t. = zaporedna $tevilka
najdi$c¢a jagod v Katalogu najdis¢ mozaicnih in drugih jagod



Zgodnjesrednjevesko steklo na Slovenskem: $tudij sestave in jagode iz halofitskega stekla 377

SI. 9: Najdis¢a mozai¢nih jagod z olesci in drugih jagod iz halofitskega stekla v Sloveniji. Ostevil¢enje na karti je enako
kot v Katalogu najdis¢ (H). Znaki: A - analizirane mozai¢ne jagode, B - neanalizirane mozai¢ne jagode, C - analizirane
enojne in ¢lenaste jagode.

Fig. 9: The find-sites of mosaic eye beads and other plant-ash glass beads in Slovenia. The numbering on the map fol-
lows the numbering in the Catalogue of Finds (H). Symbols: A - analysed mosaic beads, B - unanalysed mosaic beads,
C - analysed single and segmented beads.

1 Bovec — Devica Marija na polju; 2 Kobarid — Tonovcov grad; 3 Srednja vas v Bohinju; 4 Bled — Pristava; 5 Bled — Brdo;
6 Zasip; 7 Smoku¢; 8 Radovljica — Predtrg; 9 Baselj — Gradi$ce; 10 Kranj — Lajh; 11 Ljubljana; 12 Ljubljana — Przanj;
13 Dolsko; 14 Roje pri Moravéah; 15 Smarjeta — Bela Cerkev; 16 Juri$na vas — Anénikovo gradi$¢e; 17 Turni$ce; 18 Ptuj —
Grad; 19 Sredi$ce ob Dravi; 20 Popava pri Lipovcih; 21 Murska Sobota — Na plesi

S.l.'10: Zap1§ v flnevmku J. Szombat’}'ly)a 30. 5 1887 0 ogr- ¥ YW .. ,{ '}m 5. Z C i |
lici, najdeni pri cerkvi Device Marije na polju pri Bovcu. Jao ! vie? ; |
Dnevnik hrani Naravoslovni muzej na Dunaju. o - x’ 583 T(,-!W/n m M
Fig. 10: An entry from 30" May 1887 in the diary of / Aok MM, M |
J. Szombathy about the neckless found by the church of AT S

Devica Marija na Polju near Bovec. The diary is kept by
Museum of Natural History, Vienna.

AR ) o/'a fe ?,4/“( MJM ’

N (-; an

Lo 64%
Uspes$no se je zbiranje nadaljevalo v zacetku b

20. st. z arheoloskimi izkopavanji grobis¢ Roje pri J
Morav¢ah (H 14), Lajh v Kranju (H 10), Predtrg S A

pri Radovljici (H 8) in v Srednji vasi v Bohinju

(H 3), posami¢ni mozai¢no in ¢lenasto jagodo so ...
nasli tudi v Ljubljani, na obmo¢ju rimske Emone

(H 11). Po daljsem premoru so v letih 1946-1950 WW’#)‘AA?,\

ponovno prisle v muzejske zbirke Stevilne jagode, B o e

iz halofitskega stekla v Sloveniji (H). Zaporedje najdis¢ je
enako kot na sl. 9.
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ki so jih na$li pri izkopavanjih velikih grobis¢ na
Ptujskem gradu (H 18) in Pristavi na Bledu (H 4)
ter manj$ega grobis§c¢a v Turniscu pri Ptuju (H 17).
V obdobju zbiranja so bile mozai¢ne jagode na
kratko obravnavane med drugimi najdbami v
objavah izkopavan;j.4®

Obdobje sirsega in poglobljenega preucevanja
se je zacelo leta 1975 z objavo temeljne raziska-
ve o raz$irjenosti in dataciji mozai¢nih jagod iz
karolinskega obdobja v Evropi, v katero je R. An-
drae vkljucil tudi nekaj jagod z najdi$¢ v Sloveniji
(Roje pri Moravc¢ah, Lajh v Kranju, Predtrg pri
Radovljici).#” Pri objavi (1990) ogrlice iz Predtrga
pri Radovljici (H 8) je ugotovitve te raziskave iz-
¢rpno obravnaval A. Pleterski, kriti¢no predvsem
kronologijo modrih in zelenih mozai¢nih jagod. 48

Z novimi najdbami na Przanju (H 12), pri Beli
Cerkvi (H 15) in na Anc¢nikovem gradiscu pri
Juris$ni vasi (H 16) ter do tedaj spregledano najdbo
iz Ljubljane (H 11) se je problematika usmerila k
tipologiji mozai¢nih jagod.*

Po izkopavanjih na Gradis¢u nad Basljem (H9),
pri katerih so nasli veliko kosov stekla, so se leta
2004 zacele tudi arheometri¢ne raziskave zgodnje-
srednjeveskega stekla. Pri 44 vzorcih z Gradisca
je bila z analizo PIXE-PIGE ugotovljena prevlada
natronskega stekla, le dve jagodi sta bili narejeni
iz halofitskega stekla.>

V letih 2009 in 2010 smo meritve po metodi PIXE-
PIGE raz$irili Se na jagode z drugih najdis$¢. Analize
so pokazale poleg jagod iz natronskega stekla tudi
Stevilne jagode iz halofitskega stekla, ob mozai¢nih
tudi ¢lenaste in enojne jagode. Posami¢ne tak$ne
jagode so bile veckrat “skrite” v zaklju¢enih celotah,
brez prepoznanih povezav z jagodami iz mozai¢nih
sklopov, in v okviru arheoloskega sklopa datirane
v ¢as pred pojavom halofitskega stekla v Evropi.®!
Posebej je bilo analizirano steklo s Tonovcovega
gradu pri Kobaridu (H 2); med jagodami je bila
tudi ena iz halofitskega stekla.>? Da bi raziskovanje
kronoloske problematike $e poglobili, smo analize

46 Smid 1908, 25; Korosec 1950, 79-84; Korosec, Korosec
1953, 220; Kastelic, Skerlj 1950, 35-36.

47 Andrae 1973, 171, 174-175, §t. 77, 116, 120.

48 Pleterski 1990, 487-488, 493-496.

49 Knific 2008.

50 Smit et al. 2009a; Smit et al. 2010. - Razlikovanje
med natronskim in halofitskim steklom je pri analizah iz
leta 2004 jasno, vendar so §teviléne vrednosti manj natanéne
kot pri poznejsih analizah in jih zato nismo vkljudili v
razpredelnico analiziranih vzorcev (pril. A).

51 Smit et al. 2012.

>2 Smit et al. 2013.

nadaljevali v letih 2015 in 2016. Ob jagodah iz
halofitskega stekla z Ze omenjenih najdis¢ so bile
tak$ne jagode ugotovljene $e na najdis¢ih Zasip (H
6), Smokuc¢ (H 7), Sredi$¢e ob Dravi (H 19), Popava
pri Lipovcih (H 20) in Murska Sobota (H 21). Vseh
179 izmerjenih vzorcev iz natronskega in halofitskega
stekla je podlaga temu prispevku (pril. A).

Mozaic¢ne in druge jagode
iz halofitskega stekla

Na slovenskih najdis¢ih so nasli jagode iz ha-
lofitskega stekla v skupkih in posami¢no. Zaradi
lege v grobovih so skupki jagod opredeljeni kot
ogrlice (pozneje so jagode po navadi nanizali v
poljubnem vrstnem redu). V posameznih nizih
ogrlic so mozai¢ne jagode z ocesci ter ¢lenaste in
enojne jagode, ki jih v posebno skupino uvrsca
tudi halofitsko steklo, iz katerega so narejene
(t. 1).5% Ogrlice so lahko v celoti sestavljene iz
tak$nih jagod ali pa so prvotnemu sestavu dodali
posamezne jagode drugacnega izvora, kot ogrli-
cama iz Predtrga pri Radovljici (£. 6: 1) in Lajha
v Kranju (. 6: 2).5* Za ogrlico z Roj pri Moravéah
(sl. 11) to sodimo po videzu, saj jagode niso bile
analizirane po metodi PIXE-PIGE.” S pridrzkom,
ker v nizih ni mozai¢nih jagod z ocesci, lahko
oznacimo kot prvotne sestave tudi ogrlice iz Smo-
kuca (t. 4: 3; 5: 3), Turnisca pri Ptuju (. 6: 3,4)
in s Ptujskega gradu (t. 6: 5). Od teh se mo¢no
razlikujejo ogrlice, v katerih je le malo jagod iz
mozaic¢ne skupine, prevladujejo pa z vseh vetrov
zbrane jagode in drobci steklenih posod. Taksne
so ogrlice s Pristave na Bledu (t. 3: 15 4: 1; 5: 1,2)
in iz Srednje vasi v Bohinju (t. 4: 6; 5: 4). Niz z
Brda na Bledu (t. 5: 5), v katerem je precej jagod
iz mozai¢ne skupine, verjetno sestavljajo jagode
iz dveh (ali ve¢) grobov.

Mozai¢ne jagode z ocesci (Mosaikaugenperlen,
millefiori beads) so znane s slovenskih najdis¢ v
sedmih tipskih razli¢icah (t. I: 1-7). Pri njihovi
dolo¢itvi smo izhajali iz tipologije MAP, ki jo je
postavil R. Andrae,*® primerjali pa tudi z oprede-

53 Jagode in drugi predmeti na tablah (£. 1-6) so opisani
v Katalogu predmetov.

54 Na tri vrste deli ogrlice R. Andrae (1973, 103-104).
Za ogrlico iz Predtrga pri Radovljici A. Pleterski (1990,
487) meni, da jagode verjetno pripadajo prvotnemu sestavu.

%5 Fotografijo ogrlice in podatke nam je posredoval
Peter Stadler (Naturhistorisches Museum, Wien).

56 Andrae 1973, 110-117, Taf. 1-5.
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SI. 11: Ogrlica z Roj pri Moravc¢ah, izkopana leta 1902. Hrani jo Naravoslovni muzej na Dunaju, inv. §t. 54830.
Fig. 11: The neckless from Roje near Moravée, excavated in 1902 (Museum of Natural History, Vienna, Inv. No. 54830).
(Foto / Photo: A. Schumacher, Naturhistorisches Museum Wien)

litvami jagod po skandinavski®” in severnonemski
tipologiji (najdi$¢e Grof} Stromkendorf).>

Jagodo z Ancnikovega gradiS¢a pri Juri$ni vasi
(t. 1: 1), ki ni bila analizirana po metodi PIXE-PIGE,
njene znacilnosti uvrs¢ajo v tipsko razli¢ico MAP
0473,% jagodo z najdi$ca pri Beli Cerkvi (£. 1: 2) v
MAP 0121,%° po skandinavski tipologiji pa v tipsko
razli¢ico H001°! oziroma C 8.6

Jagoda iz Ljubljane (t. I: 3) je razlicice MAP
0120. Dve tak$ni jagodi so nasli tudi na bliznjem
najdi$¢u Przanj (H 12), v dveh naselbinskih jamah,
med seboj oddaljenih priblizno deset metrov.®
Jagode razli¢ice MAP 0120 so bile med bolj pogo-
stimi in raz$irjenimi v severni, srednji in vzhodni
Evropi.®* Taksne jagode s skandinavskih in pri-
baltskih najdis¢ so uvr$cene v skupino J001, ki

57 Callmer 1977; Callmer 1997.

58 Poche 2005.

59 Andrae 1973, Taf. 4: 0473.

60 Andrae 1973, Taf. 4: 0121.

61 Callmer 1977, Cpl. 4: HOO1.

62 Callmer 1997, PL. 16: C 8.

63 Knific 2008, 35-36.

64 Andrae 1973, 110-117, 179, Taf. 4: 0120, Liste 2,
Karte 6. Novejso karto (Knific 2008, 36, sl. 2) je treba
dopolniti, npr. z najdis¢em Auhof v Avstriji (Tovornik
1986, 420-421, grobova 75 in 81).

obsega veé razli¢ic,®® pri obravnavi stekla z Grof3
Stromkendorfa pa oznacene kot tip M1.¢

Mozai¢ne jagode z An¢nikovega gradisca (¢. 1: 1)
in Przanja so posamezne najdbe iz zgodnjesrednje-
veske naselbinske plasti, druge (¢. 1: 4-7) so nasli
skupaj z razli¢nimi jagodami v grobovih, po eno v
posameznem skupku. Jagodi iz Bele Cerkve (t. I: 2)
in Ljubljane (t. I: 3) so nasli med izkopavanji, a
prvotno okolje ni bilo prepoznavno.

Precej oglato jagodo z Roj pri Morav¢ah (¢. 1: 4)
zaradi splos¢enosti uvr§¢amo med jagode razlicice
MAP 0450.57 Z njo se konca izbor jagod, ki so v
osnovi zelene barve (. I: 1-4). Jagodi razlic¢ice
MAP 1272 (Grof3 Stromkendorf: tip M 2)8 iz
Predtrga pri Radovljici (t. 1: 6) in MAP 0772 iz
Lajha v Kranju (t. 1: 7) sta modre barve (modro
steklo predtrske jagode je ohranjeno le v drobcih)
in v nasprotju z redko jagodo z Roj pripadata $te-
vilnej$§ima skupinama tipoloskih razli¢ic.® Jagoda

65 Callmer 1977, 54, 90, 99, Cpl. 4: J0O1.

66 P3che 2005, 142, 143, Taf. 9: 11.

67 Andrae 1973, 175, §t. 120; jagoda je pripisana razli¢ici
MAP 0410, a je zaradi oblike verjetnej$a ina¢ica M 0450.

8 Poche 2005, 60.

% Andrae 1973, 179 (Liste 5, MAP 0450), 180 (Liste
8, MAP 0772), 181 (Liste 12, MAP 1272).
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z Brda na Bledu (. I: 7), ki nima ocesc, spada med
jagode razli¢ice MAP 0062.7°

Mozai¢ne jagode z ocesci so bile datirane v ¢as
okoli leta 800,”! v obdobje poznega 8. in prvo
polovico 9. st.”> Zdaj nekateri podatki kazejo na
njihov zgodnejsi pojav v Evropi, in sicer Ze v drugi
polovici 8. st.”? Splosno sprejeta je trditev, da so
orientalskega izvora in da je bil njihov veliki dotok
vseevropski pojav.”4

Skupaj z mozai¢nimi jagodami so bile v nizih
¢lenaste jagode (drawn segmented beads, Reihen-
perlen) in enojno rezane jagode iz vle¢enega stekla
(drawn cut beds, Einfache Ziehperlen).”> Tak$ne
jagode sestavljajo tudi ogrlice s slovenskih najdisc,
tako nize z mozai¢nimi jagodami kot tudi tiste
brez njih, nekaj jagod pa je posamic¢nih najdb. Z
analizami PIXE-PIGE je bilo ugotovljeno, da so
ve¢inoma narejene iz halofitskega stekla, izbor
prikazuje najbolj znalilne jagode (¢. 1: 11-41).7
Clenaste jagode imajo do pet ¢lenov, povr$ina
temno modrih je ve¢inoma groba in kaze izrazito
pramenasto strukturo (t. 1: 22-24,29,30,37,40).
Pri nekaterih drugih - modro zeleni (¢. 1: 27) in
svetlih, zlato obarvanih ¢lenastih jagodah (t. I:
25-27,32-34,39,41) - je povrsina gladka, ker
notranji pramenasti del obdaja prozorna steklena
prevleka, ki daje jagodi sijo¢ videz. Tudi jagode te
vrste so bile pogost in raz$irjen import z vzhoda.””

Od asortimana jagod s slovenskih najdis¢ (¢. I:
1-7,11-41), skladnega s sestavi jagod orientalskega
izvora drugod po Evropi, se locijo jagode s Pristave
na Bledu (. I: 8), Popave pri Lipovcih (£. 1: 9) in
iz Murske Sobote (t. 1: 10). Drugacne so po obliki,
prozornosti stekla in tehniki izdelave, vse pa so
narejene iz halofitskega stekla.

70 Prim. Andrae 1973, 110, 179, Taf. 4: 0061 (pravilno
0062), Taf. 3: 62, Liste 1, MAP 0062, Karte 4.

71 Andrae 1973, 156.

72 Callmer 1997, 199, PL 16.

73 O zgodovini raziskovanja mozai¢nih jagod: Ungerman
2005, 723-724; Eichert 2010, 99-100.

74 Callmer 1997, 199; Péche 2005, 60.

75 Andrae 1973, 128-131, Taf. 6; Callmer 1997, 199,
Pl. 16.

76 Med analiziranimi enobarvnimi ¢lenastimi jagodami
sta iz natronskega stekla le jagodi A 55 (t. 3: 1/55; 5: 1/55)
in A 113 (t. 5: 3/113).

77 Pdche 2005, 54-56.

Steklo z Gradisca nad Basljem

Halofitsko steklo, najdeno v Sloveniji, povezuje
pet razli¢nih sklopov arheoloskih najdb. Prvi sklop
sestavljajo najdbe z vi$inskih najdis¢ iz karolinskega
obdobja. Mednje spada — ob Tonovcovem gradu pri
Kobaridu (H 2) in An¢nikovem gradi§¢u pri Jurisni
vasi (H 16; t. 1: 1) - tudi Gradi$ce nad Basljem (H9),
kjer so nasli $tevilne kose stekla. Ti so bili leta 2004
analizirani po metodi PIXE-PIGE, analize so zajele
steklo iz poznoanti¢ne in zgodnjesrednjeveske plasti,
pri 42 vzorcih je bilo ugotovljeno natronsko steklo,
pri dveh pa halofitsko.”® Z novimi analizami stekla
(A 41-45), pridobljenega z izpiranjem zemlje iz
zgodnjesrednjeveske plasti (oznacene kot plast 2),
smo $e za dve jagodi ugotovili, da sta iz halofitskega
stekla. V zgodnjesrednjeveski plasti na Gradi$¢u
je ve¢ natronskega stekla, in sicer igle s steklenimi
glavicami, velika sod¢asta jagoda in kosi surovega
stekla (sI. 12). Iz halofitskega stekla so le §tiri enojne
jagode (sl 13; t. 1: 15), pri temno modrih je dobro
vidno, da so iz vlecenega stekla. Tak$ne jagode so
bile obicajne v sestavih z mozai¢nimi jagodami v
prvi polovici 9. st.”?

Na Gradi$c¢u se je v zgodnjesrednjeveski plasti
ohranilo tudi zoglenelo Zitno zrnje, za katero je
meritev z radioaktivnim ogljikom pokazala datacijo
med letoma 790 in 990 (verjetnost 95 %).3° V ta
¢asovni okvir je mogoce ob jagode iz halofitske-
ga stekla (sl. 13) postaviti tudi druge najdbe iz
zgodnjesrednjeveske plasti (¢. 2; opisi v Katalogu
predmetov). Poleg jagode tipa B 0718! (£. 2: 1) in
petih igel z glavicami iz natronskega stekla (t. I:
2-6)% 50 med izbranimi najdbami $e kragulj¢ek
(t. 2:7), kresilo (t. 2: 10), zakljucek pasu (. 2: 11),
od orozja pusci¢na ost (t. 2: 12), okov noznice
bojnega noza (t. 2: 15) in deli pasov za me¢ tipa
Zavada®® (t. 2: 9,16,17), od konjeniske oprave
pa ostroga (t. 2: 19), zaponka (t. 2: 8), objemka
(t. 2: 14) in zakljucka (t. 2: 13,18) z jermenja za
pritrjevanje ostroge, ter veliko ¢repinj lonéenih
posod, narejenih na pocasnem vretenu (sl. 17:
1-3; t. 2: 20-22). Najdbe iz plasti 2 so le majhen

78 Smit et al. 2009a, 122, Fig. 2. Jagodi iz halofitskega
stekla sta iz zgodnjesrednjeveske plasti.

79 Callmer 1997, 199, PL. 16: B18,C4.

80 2 0, meritev $t. Beta-199408 (Beta Analytic Inc.,
Miami, Florida).

81 Callmer 1977, Cpl 2: B 0710.

82 Tri glavice so bile analizirane po metodi PIXE-PIGE
leta 2004.

83 Ungerman 2015, 263-267.
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SI. 12: Natronsko steklo z Gradi$¢a nad Basljem iz plasti 2
v sondi 1 (1-6,8,9) in sondi 2 (7): 1-5 glavice igel (inv. §t.
$ 2766, S 3009, S 5263, S 6252, S 6264); 6 jagoda (S 2861),
7-9 kosi stekla (S 5821, S 5268, S 5834). Z rdeco sta ozna-
Ceni $tevilki analiziranih vzorcev (pril. A). Predmete hrani
Narodni muzej Slovenije v Ljubljani (NMS). 1-5 Zelezo in
steklo, 6-9 steklo. M. = 1:1.

Fig. 12: Natron glass from Gradi$ce above Baselj, layer 2 in
trench 1 (1-6,8,9) and trench 2 (7): 1-5 pin heads (Inv. Nos.
S 2766, S 3009, S 5263, S 6252, S 6264), 6 a bead (S 2861),
7-9 glass fragments (S 5821, S 5268, S 5834). The colour
red denotes the numbers of analysed samples (App. A). The
objects are kept by NMS ("National Museum of Slovenija")
in Ljubljana. 1-5 iron and glass; 6-9 glass. Scale = 1:1.
(Foto / Photo: T. Lauko)

del najdb iz karolinskega obdobja na Gradis¢u,®*
med orozjem so tudi glavi¢i mecev tipa X, med
kovinskimi kosi konjeniske in konjske oprave
stremena,®® brzde, ostroge in krizni razdelilniki,®
predmeti, ki so jih na Gradi$¢u nasli tudi v dveh
zakladnih najdbah.®” Deli oprave so vrhunski iz-
delki, zelezni imajo pogosto kositrno prevleko,®®

84 Bitenc Knific 2001, 96-101, kat. 315-330; Karo
2012a; Karo Knific 2015a.

85 Karo 2004, 171-172, kat. §t. 5-7.

86 Karo, Knific 2015b.

87 Knific 2010, 86, 91, Pl. 3; Karo, Knific 2015b,
222-224, Fig. 5.

88 Karo, Knific, Mili¢ 2001.

I 45 44
1

2
®
4

Sl. 13: Jagode iz halofitskega stekla z Gradis¢a nad Basljem
iz plasti 2 v sondi 1 (1; inv. $§t. S 2872) in sondi 2 (2-4;
S$6273,S 6271, S 5838). Z modro sta oznaceni $tevilki ana-
liziranih vzorcev (pril. A). Predmete hrani NMS. M. = 1:1.
Fig. 13: Beads of plant-ash glass from Gradis¢e above
Baselj, layer 2 in trench 1 (1; Inv. No. S 2872) and trench
2 (2-4; S 6273, S 6271, S 5838). The colour blue denotes
the numbers of analysed samples (App. A). The objects
are kept by NMS. Scale = 1:1.

(Foto / Photo: T. Lauko)

bronasti so pozlaceni. Zelezni kosi so znadcilni
za standardno opravo vojaka konjenika v 9. st.
Pozlaceni predmeti so verjetno pripadali osebi
najvi$jega sloja.®” To kaze, da je bilo Gradi$¢e ena
pomembnejsih visinskih postojank na slovenskem
ozemlju v karolingkem obdobju.?

Jagode iz halofitskega stekla (sl. 13) spadajo
v to okolje, manj jasen je pojav igel s steklenimi
glavicami iz natronskega stekla. Le ena je cela,
s priostreno konico, in je zagotovo okrasna igla
(sl. 12: 15 t. 2: 2). S slovenskih najdis¢ taksnih igel
ne poznamo, igli te velikosti (do 4 cm), najdeni pri
romarski cerkvi sv. Hadrijana v Zalavarju (Madzar-
ska), sta bili lasnici.®! Druge $tiri domnevne igle
so delno ohranjene, za vse je znacilno, da so bile
njihove glavice narejene tako, da so konec zelezne
zicke ovili z raztaljenim steklom in ga oblikovali v
kroglico (sl. 12: 2-5; t. 2: 3-6). Podobno kroglico
iz natronskega stekla z Zeleznim nastavkom, morda
delom igle, so nasli v naselbini na blejski Pristavi
(H 4; A 46).

Z ovijanjem so steklene kroglice pritrjevali
tudi na uhane iz bronaste Zice. Tri pare tak$nih
uhanov so nasli v grobu 142 na Pristavi (sl. 14:
1-6). Steklo so lahko pritrdili okrog vratu zanke
pod locnom pri delno Ze izoblikovanem uhanu

89 Knific 2007.

%0 O visinskih najdi8¢ih iz karolindkega obdobja v
Sloveniji: S. Karo in T. Knific, Die frithmittelalterlichen
Militarfunde von Hohensiedlungen in Slowenien, Zbornik
sre¢anja v Wildonu, Dunaj 2016, v pripravi. - Zgodovinski
pogled na karolingko obdobje: Stih 2013.

o1 Sz8ke 2014, 104, Fig. 76.
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142

SI. 14: Pristava na Bledu, grob 142. 1-6 uhani (inv. §t. S 265, S 267, S 266, S 263, S 264, S 268); 7-10 prstani (inv. §t.
$279,S269,S271,S272); 11,12 noz in deli noza z odtisi tkanine (inv. §t. S 273, S 274). 1,3,4 bron, Zelezo in steklo; 2,5,6
bron in steklo; 7-10 bron; 11,12 bron in zelezo. Z rdeco sta oznadeni $tevilki analiziranih vzorcev (pril. A). Predmete

hrani NMS. M. = 1:2.

Fig. 14: Pristava at Bled, gr. 142. 1-6 earrings (Inv. Nos. S 265, S 267, S 266, S 263, S 264, S 268); 7-10 rings (Inv. Nos.
$ 279, S 269, S 271, S 272); 11,12 a knife and knife fragments with textile impressions (Inv. Nos. S 273, S 274). 1,3,4
bronze, iron and glass; 2,5,6 bronze and glass; 7-10 bronze; 11,12 bronze and iron. The colour red denotes the numbers
of analysed samples (App. A). The objects are kept by NMS. Scale = 1:2.

(Risba / Drawing: D. Knific Lunder)

(sl. 14: 5,6) in na obeske iz bronastih verizic (sl.
14: 1,2) ali zeleznih pali¢ic (sl. 14: 3,4).°2 V prvem
primeru je steklo videti kot nataknjena jagoda, v
drugem kot viseca kroglica ali glavica na obrnjeni
igli. Analiza PIXE-PIGE je za dva vzorca pokazala,
da sta iz natronskega stekla (A 68,69; sl. 14: 1,6).

Kot receno, je steklo iz zgodnjesrednjeveske plasti
na Gradi$¢u dveh vrst. Prevladuje natronsko steklo
(sl. 12), narejeno v rimskem izro¢ilu, najdeno tudi
v veé neobdelanih kosih, odbitih od surovcev,” kar
dopusca sklepanje o domaci steklarski dejavnosti.

92 Zelezni deli pali¢astih obeskov so bili prvotno oviti s
tankim, 2 mm $irokim bakrenim trakom. Enega od Zeleznih
palicastih obeskov so verjetno pri/po izkopavanju pomotoma
pripisali uhanu z verizicami (sl. 14: 1, desni obesek).

93 V zgodnjesrednjeveski plasti so nasli poleg prikazanih
(sl. 12: 7-9) $e tri odlomke surovcev (Knific, Nabergoj
2015, sl. 107).

Iz natronskega stekla so glavice igel, za izdelavo
katerih je bila uporabljena tehnika ovijanja. Na ta
nacin in iz iste vrste stekla je narejena tudi sod¢asta
jagoda, z domnevnim izvorom v Italiji®* in dobro
primerjavo na grobi$c¢u iz karolin$kega obdobja v
Kinderheimu pri Kallmiinzu (Neméija).”> Druga
vrsta stekla na Gradis¢u nad Basljem je halofitsko
steklo, iz katerega so v tehniki vlecenja narejene
jagode vzhodnega izvora (sl. 13). Obe vrsti stekla
lahko v okviru najdi$¢a datiramo v ¢as od poznega
8. do prve polovice 10. st.%®

94 Callmer 1977, 86-87;

9 Stroh 1954, 20, Taf. 11: 14.

% Za najstarejse zgodnjesrednjeveske najdbe gl. Karo,
Knific, Lub$ina Tusek 2011, 132-133, 137, 140; Karo 2012b,
449-450, 552; za najmlajse (glavi¢i mecev X) gl. ¢lanek S.
Karo in T. Knifica (v pripravi), naslov v opombi 90.
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Za baseljske vojaske konjeniske najdbe je veliko
primerjav, nekateri od teh predmetov so karolinskega
izvora, drugi so nastali pod karolinskimi vplivi.
Podobno strnjeno kot na Gradi§¢u nad Basljem so
jih nasli na obmo¢ju naselbin na Bojni (Slovaska),””
bolj razprsene, vendar v velikem $tevilu, pa na
ozemlju ob jugovzhodni meji frankovske drzave
od Jadranskega morja® prek zahodne Panonske
nizine®® do zgornjega Podonavja in $e severneje.!%

Steklo z grobis¢ na Gorenjskem

Analize PIXE-PIGE smo opravili tudi na steklu,
ki izvira z gorenjskih zgodnjesrednjeveskih grobisc,
na jagodah ogrlic in razli¢nih okrasnih dodatkih
na nakitu. Za analizo smo izbrali najdbe s Pristave
na Bledu (H 4), iz Smokuca (H 7), Srednje vasi v
Bohinju (H 3) in z Brda na Bledu (H 5). Na prvih
treh najdiscih so steklo nasli v grobovih skupaj z
drugimi predmeti; za najdbe z Brda na Bledu grob-
nih celot ne poznamo, ker je bilo grobisce razdrto
pri kopanju peska. Tudi za ogrlici z mozai¢nima
jagodama (t. 6: 1,2), ki so ju na8li v Predtrgu pri
Radovljici (H 8) in Lajhu v Kranju (H 10), nimamo
veliko najdis¢ih podatkov.

Ogrlic iz zgodnjesrednjeveskega obdobja je malo,
nizi niso dolgi, najvec¢ jagod ima ogrlica iz groba
14 na blejski Pristavi; ogrlica je nastala z zbiranjem
raznovrstnih jagod, tudi rimskodobnih, in odlom-
kov steklenih posod (t. 3: 1; 5: 1; opis v Katalogu
predmetov). Analizirane jagode so iz natronskega in
halofitskega stekla (A 49-59). Med njimi je tudi Sest
jagod iz prozornega, svetlo zelenega mehurckastega
stekla, ki so bile narejene v tehniki ovijanja; anali-
zirana jagoda je iz natronskega stekla (t. 3: 1/51).
Te jagode so podobne tistim na paru uhanov iz
groba 142 na Pristavi (sl. 14: 5,6), pa tudi jagodam
na drugih Zi¢natih uhanih s Pristave (sl. 15: 2,4),
Brda na Bledu (A 75; t. 4: 11; uhan inv. §t. S 2121)
in iz Srednje vasi v Bohinju (sI. 15: 10). Uporabljeno
natronsko steklo in tehnika izdelave uhanov kazeta
na isto delavnico. To je mogoce reci tudi za zi¢nate
uhane z veriznimi obeski iz grobov 142 (sl. 14: 1,2)
in 65 s Pristave (sl. 15: 15 ¢. 3: 17); analizirani kroglici
na koncu obeskov sta iz natronskega stekla. Svetlo
zeleno natronsko steklo so uporabili tudi za okrasni
kamen na prstanu s Pristave (sl. 15: 6).

7 Pieta, Ruttkay 2006; Pieta 2015.

98 Milogevi¢ 2000; Jurcevié 2011, Petrinec, Juréevié 2015.
9 Szbke 2014.

100 profantova 2011; Turéan 2011.

Prav tako sta iz natronskega stekla zeleni in
modri okrasni kamen na prstanu iz groba 14 iz
Srednje vasi v Bohinju (sl 15: 11), vendar je pr-
stan verjetno iz mlajSega obdobja, saj so ga nasli
skupaj s kovanima polmesecastima uhanoma in
obsen¢nimi obrocki s ¢lenastimi konci.!?! Iz sve-
tlo zelenega prosojnega natronskega stekla sta s
slovenskih najdi$¢ Se gumb in jagoda na zi¢natem
uhanu z grobis$¢a na Camberku na Gorjancih (sl.
15:12,13).192 Prstani z rombi¢no razsiritvijo in par
Zi¢natih uhanov povezujejo Camberk z najdisé¢i v
osrednji Sloveniji,'%® primerjave za steklen gumb
so nekoliko bolj oddaljene, npr. najdisci Zalavar na
Madzarskem!%* in Bfeclav-Pohansko na Ceskem.!%%

Analize PIXE-PIGE dokazujejo tudi socasno
uporabo obeh vrst stekla, zicnati uhan polmesecaste
oblike z Brda so namrec¢ naredili tako, da so za
okrasni dodatek uporabili jagode iz natronskega
in halofitskega stekla (sl. 15: 7). V grobu 14 pa
so na$li uhan, pri katerem so na Zi¢nat obesek
izjemoma pritrdili kroglico iz temno modrega,
verjetno recikliranega halofitskega stekla (sl. 15: 5;
t. 3: 6). Take kroglice so ve¢inoma iz natronske-
ga stekla, poleg Ze omenjenih tudi pri uhanu s
kovinsko jagodo s Pristave (sl. 15: 3). O socasni
uporabi obeh vrst pricata tudi najdbi iz groba 65
na Pristavi: ob kroglici iz natronskega stekla na
uhanu z veriznimi obeski (t. 3: 17) je bil v grobu $e
ostanek uhana, na katerega je nataknjena ¢lenasta
jagoda iz halofitskega stekla (t. 3: 25).106

V grobu 14 s Pristave so poleg ogrlice in na-
glavnega nakita nasli okrasno zaponko, prstan s
¢elno razgiritvijo in noz (¢. 3: 10,12,15). Zaponka
je kakovosten izdelek z odtisnjeno pletenino v
bronasti plocevini, ki prekriva zelezno ploscico.
Tako narejeno okrasno zaponko, okraseno s krizno
razporejenimi odtisi v obliki prest, so nasli tudi
v Smokucéu, v grobu 51,197 v katerem je bil med

101 Korogec 1979, 106/1, t. 36: 4; 37: 2.

102 Brescak 2002, 106-107, sl. 4: 15 6: 2; Kriz 2009,
367, §t. 35a, 36b.

103 Bre§¢ak 2002, 107-110, sl. 5: 3 (grob 9); 6: 1-3
(grob 17).

104 §z8ke 2014, 107, Fig. 73.

105 prichystalova, Stelcl, Vdvra 2014, 44, 55-56, Fig. 8:
2 (grob JP/177); 9: 1 (grob JP/202).

196 Dober primer za preucevanje soasnosti obeh vrst
stekla z analizami PIXE-PIGE so najdbe iz groba 1965_20256,
ki so ga odkrili pri zupni cerkvi v Kranju (Pleterski, Stular,
Belak 2016, 110-111). V grobu so na$li ob zi¢natih uhanih
z jagodami iz svetlo zelenega mehurckastega stekla (5-10)
tudi uhan z nataknjeno dvojno ¢lenasto jagodo iz temno
modrega pramenastega stekla (1).

107 Knific, Nabergoj 2015, 67, sl. 78 (desna spodaj).
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66

w

Sl. 15: Nakit z jagodami in okrasnimi vlozki iz natronskega (1-4,6-8,10-13) in halofitskega stekla (5,7,9). Stevilke ana-
liziranih vzorcev (pril. A) so pri natronskem steklu rdece, pri halofitskem modre.

1-6 Pristava na Bledu (1 uhan, gr. 65, inv. §t. S 142, t. 3: 17; 2 uhan, gr. 141, S 259; 3 uhan, gr. 159, S 291; 4 uhan, gr.
142, S 268; 5 uhan, gr. 14, S 42, t. 3: 6; 6 prstan, gr. 22, S 72); 7,8 Brdo na Bledu (7 uhan, S 2149; 8 okrasna zaponka,
§$2139, t. 4: 16); 9 Smoku¢ (obsenc¢ni obrocek, gr. 51, S 5591); 10 Srednja vas v Bohinju, Podonjice (uhan, gr. 24, S 2113);
11 Srednja vas v Bohinju, Zale (prstan, gr. 14, S 2090); 12,13 Camberk nad Cerovim Logom (12 gumb, gr. 7, A 3245,
13 uhan, gr. 17, A 3253).

Predmete hranita NMS (1-11) in Dolenjski muzej Novo mesto (12,13). 1,2,4-7,10-13 bron in steklo; 3,8 bron, Zelezo
in steklo; 9 srebro in steklo. M. = 2:3.

Fig. 15: Jewellery with beads and decorative inlays made of natron (1-4,6-8,10-13) and plant-ash glass (5,7,9). The
numbers of analysed samples (App. A) are red for natron and blue for plant-ash glass.

1-6 Pristava at Bled (1 earring, Gr. 65, Inv. No. S 142, PL 3: 17; 2 earring, Gr. 141, S 259; 3 earring, Gr. 159, S 291; 4 ear-
ring, Gr. 142, S 268; 5 earring, Gr. 14, S 42, PL 3: 6; 6 ring, Gr. 22, S 72); 7,8 Brdo in Bled (7 earring, S 2149; 8 brooch,
S 2139, Pl 4: 16); 9 Smoku¢ (temple ring, Gr. 51, S 5591); 10 Srednja vas v Bohinju, Podonjice (earring, Gr. 24, S 2113);
11 Srednja vas v Bohinju, Zale (ring, Gr. 14, S 2090); 12,13 Camberk above Cerov Log (12 button, Gr. 7, A 3245, 13 ear-
ring, Gr. 17, A 3253).

The object are kept by NMS (1-11) and Dolenjski muzej Novo mesto (12,13). 1,2,4-7,10-13 bronze and glass; 3,8 bronze,
iron and glass; 9 silver and glass. Scale = 2:3.

(Foto / Photo: T. Lauko)
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naglavnim nakitom tudi srebrn obsen¢ni obrocek,
na katerega je nataknjena enojna temno modra
jagoda iz vleCenega halofitskega stekla (sl. 15: 9).
Pravokotno okrasno zaponko, narejeno na opisani
nacin, so nasli tudi v grobu 18 v Srednji vasi v
Bohinju; v njem so bili Se jagode, med katerimi je
tudi tri¢lena jagoda iz halofitskega stekla, in srebrna
obsenc¢na obrocka (t. 4: 6-9). Na Brdu na Bledu
pa so nasli ob uhanih (t. 4: 10-14) in jagodah, ki
so zdaj nanizane vse skupaj (t. 5: 5), dve taksni
okrasni zaponki: pravokotno, ki jo krasi vlozek iz
modrega natronskega stekla (sl. 15: 8; t. 4: 16), in
okroglo zaponko, okraseno z izjemnim motivom
kentavra lokostrelca (t. 4: 15).108

Med nakitom z Brda je tudi prstan z rombi¢no
¢elno razsiritvijo (sl. 4: 18), v grobu 143 na blejski
Pristavi pa so nasli noz skupaj s tremi jagodami
iz halofitskega stekla (f. 4: 1,2). Nozi so bili na
Pristavi v 23 grobovih, ki so bili (razen enega) vsi
v petih vrstah starej$ega dela grobisca.!%

Zbirko znacilnih predmetov, povezanih z najd-
bami jagod, ve¢inoma iz pramenastega, po analizah
halofitskega stekla (sl. 16; t. 4: 3), zaklju¢uje uhan
z viseco podolgovato kovinsko jagodo iz groba 2
v Smokucu (t. 4: 4). Par tak$nih uhanov so nasli v
grobu 26/99 pri cerkvi sv. Petra v Komendi; grob je
uvr$cen med najstarej$e na grobiscu, datirane od
konca 7. in v prvo polovico 8. st.!1? Zelo podoben
uhan so v Auhofu pri Pergu (Zgornja Avstrija)
nasli v grobu 75 skupaj z ogrlico iz mozai¢nih,
¢lenastih in enojnih jagod iz vlecenega stekla.!!!
V smokuskem grobu 2 je bil tudi preprost uhan,
na katerega je nataknjen drobno ¢lenast bakren
obrocek (t. 4: 5); tak$ni obroc¢ki so podlozeni pod
okrogle glavice kovic, na primer pri kovinskih delih
vojaske konjeniske oprave, kot sta na Gradi§¢u nad
Basljem okova pasu za me¢ (t. 2: 16,17).

V povezavi z mozai¢nimi, ¢lenastimi in enojnimi
jagodami, za katere so analize PIXE-PIGE pokazale,
da so iz halofitskega stekla, se je izoblikovala skupina
najdb, ki spadajo med starejs$e zgodnjesrednjevesko
arheolosko gradivo z obmoc¢ja Vzhodnih Alp.!!?
To skupino slogovno znacilnih najdb bi po starem
opredeljevanju uvrstili v sklop kéttlaske kulture, in
sicer v njen starejsi del.!’® Delitev predmetov t. i.
ketlaske kulture na starej$o in mlajso skupino je

108 Kastelic 1962-1963; Premk 2014.

109 Knific 1974, 317-319, plan 4,

10 Sagadin 2013, 273, t. 6A: 1,2.

U1 Tovornik 1986, 420, Taf. 10: 7.

112 Giesler 2002; Eichert 2010; Pleterski 2013.
13 Vinski 1969, 632.

|-

SI. 16: Smokug, jagode z ogrlice iz halofitskega (1-5) in
natronskega stekla (6,7), grob 2 (NMS, inv. §t. S 5625; t. 4:
3). Pri natronskem steklu so $tevilke analiziranih vzorcev
(pril. A) rdece, pri halofitskem modre. M. = 1:1.

Fig. 16: Smoku¢, beads from the neckless of plant-ash (1-5)
and natron glass (6,7), grave 2 (NMS, Inv. No. S 5625;
Pl. 4: 3). The numbers of analysed samples (App. A) are
red for natron and blue for plant-ash glass. Scale = 1:1.
(Foto / Photo: T. Lauko)

leta 1961 predlagala P. Korosec,!!* potrdila jo je
tudi stratigrafska analiza grobi$c¢a na blejski Prista-
vi.l'> V obgirni objavi teze je avtorica starejsi sklop
najdb z vzhodnoalpskega obmoc¢ja predstavila kot
karantansko kulturno skupino in jo datirala v 7. in
8. st. (lahko $e v prvo polovico 9. st.).!1¢
Nadaljnje raziskave zgodnjesrednjeveskega
arheoloskega gradiva z obmoc¢ja Vzhodnih Alp!'!”
niso spremenile prvotne delitve teh najdb, starejsi
sklop je ostal tipolosko podobno sestavljen, vendar
razlicno poimenovan in datiran: pri J. Gieslerju
kot ¢asovni skupini Vor-Kéttlach (pozno 8. in prva
polovica 9. st.) in Kéttlach I (druga polovica 9. in
prva polovica 10. st.),!!8 pri S. Eichertu pa med
najdbami s Koroske kot skupini B (740-830) in
CI (780-830)."° V obe kronoloski raziskavi so
vkljucene tudi mozai¢ne ter ¢lenaste in enojne
kombinacijske jagode, obakrat kot vodilni predmeti

114 Korosec 1961.

15 Knific 1974.

116 Korosec 1979, 55-91/1, 305/1.

17 Pregled raziskovanj: Pleterski 2013, 300-301;
Ungerman 2016, 184-189.

18 Giesler 1980, 86-87, Abb. 1, 2; Giesler 2002, 402,
Abb. 22: 1-26.

19 Ejchert 2010, 166-168, Abb. 45, 46.
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najstarej$ih skupin, Vor-Kéttlach'? in skupine B.1?!
Za skupino predketlaskih najdb je zdaj sprejeta
zgodnejs$a datacija, in sicer v drugo polovico 8.
st., med drugim na podlagi zgodnejse datacije
mozai¢nih jagod.!??

V Sloveniji so na dve glavni skupini razdeljene
tudi najdbe z zgodnjesrednjeveskega grobisca na
blejski Pristavi.!?* Delitev se ujema z delitvijo ma-
terialne kulture na obmocju Karantanije, kot jo je
predlagala P. Koro$ec.!?* Razlika je pravzaprav le pri
dataciji najdb, saj je za blejske najdbe najzgodnejsi
datum zadnja tretjina 7. st. Datacija je temeljila na
prisotnosti okroglih okrasnih zaponk z Zeleznim
jedrom, prek katerega je prevle¢ena bronasta plo-
¢evina, okrasena z razli¢nimi odtisnjenimi motivi,
npr. s pletenino na Pristavi (. 3: 10) in kentavrom
lokostrelcem na Brdu (t. 4: 15).12° Podobno izdelane
in okrasene zaponke so bile razdirjene konec 7. in
na zacetku 8. st. ob zgornji Donavi in v Porenju!?
in bilahko od tam prisle tudi na Bled. Tako zgodnja
datacija je bila verjetna tudi za Zi¢nate uhane s tremi
ali ve¢ pentljami na locnu, s katerih visijo verizice
s steklenimi jagodami (t. 3: 2,5,6,16,17). Vzore za
taksne uhane smo iskali med zlatimi uhani, kot so
bili v modi v bizantinskem Sredozemlju v 7. st. in
so jih nasli v bogatem zakladu pri Kireniji na Cipru
ter na otoku Kios in v Egiptu. 1%’

Pri dataciji grobis¢a na Pristavi smo se sklicevali
na nakit, kot je v grobu 14 (t. 3: 1-15), pri tem pa
nismo upostevali steklenih jagod, ker med njimi ni
prepoznavnih mozai¢nih jagod z ocesci. Po anali-
zah PIXE-PIGE, ki za ustaljene sestave mozaicnih,
¢lenastih in enojnih jagod dokazujejo izdelavo
iz halofitskega stekla, je zdaj za datacijo postala
bistvena prisotnost tak$nih jagod v grobovih. Ce
je ¢as njihovega pojava v Evropi v poznem 8. st.
ali v drugi polovici 8. st. zanesljiv (gl. poglavje
Mozaicne in druge jagode iz halofitskega stekla),
potem celote, kot so najdbe iz grobov 14 in 65
(t. 3), ne morejo biti dokaz za predlagano zgodnjo
datacijo grobis$¢a na Pristavi.

120 Gjesler 1980, 86, Abb. 1: 9-10.

121 Ejchert 2010, 166, Abb. 45.

122 Ungerman 2016, 186, 188.

123 Knific 1974; Knific 2004, 98-100.

124 Korosec 1970-1971; Korosec 1979.

125 Knific 2004, 98-99, sl. 12: 5,6; 13: 1-3; Knific,
Mlinar 2014, 433-434, sl. 9: 1-3.

126 Klein-Pfeuffer 1993, 45-54, 223-224.

127 Knific 2004, 99. Prim. Dalton 1961, 542, Fig. 327;
Bierbrauer 1987, 157, Abb. 26. Za zlat uhan iz Assilita v
Egiptu gl. Wamser 2004, 301, kat. $t. 498. — Tak$ne vzore
vidi za obmocje jugovzhodnih Alp tudi B. M. Széke (1992,
855), podrobno o tej temi S. Ungerman (2016, 206-207).

I

Podobno velja tudi za zgodnjo datacijo nekate-
rih drugih grobov, kot je grob 18 iz Srednje vasi
v Bohinju (t. 4: 6-9), in predmetov, na primer
polmesecastega Zi¢natega uhana z Brda na Bledu
(sl. 15: 7). Tudi uhan s kovinsko podolgovato
jagodo iz Smokuca (t. 4: 4) so nosili pozneje kot
par tak$nih uhanov iz Komende.!?

Z dolotitvijo jagod iz halofitskega stekla je po-
stala negotova tudi zgodnja datacija karantanske
kulturne skupine, v katero je P. Korosec vkljucila
starej$i del zgodnjesrednjeveskih najdb z obmo¢ja
Vzhodnih Alp. Ob strani pus¢amo datacijo v 7.
st., obracamo se le k prvi polovici 8. st. Halofitsko
steklo v blejskih, smokuskih in srenjskih grobovih
prica, da so umrle pokopali v drugi polovici 8. st.
ali pozneje. V grobovih z jagodami iz halofitskega
stekla so bili uhani z verizicami in podolgovato
kovinsko jagodo, ki so oboji uvr§¢eni v ¢asovno
skupino Vor- Kéttlach.'?® Po klasifikacijskem sistemu,
ki ga je za naglavni nakit predlagal A. Pleterski, je
zi¢nati uhan z verizicami iz groba 15 z Zal pri Za-
sipu (oznacen kot tip NO0205_0201) na referenéni
tabeli datiran na konec 8. in zacetek 9. st.!3 Analiza
PIXE-PIGE je pokazala, da je bila ena od jagod v
tem grobu iz halofitskega stekla (A 89;¢t. 1: 33). Vse
to govori za drugo polovico 8. st. in poznejsi Cas.

Treba pa je poudariti, da so nekateri predmeti
v grobovih po nastanku lahko starej$i od jagod iz
halofitskega stekla. Tudi nekateri umrli so bili lahko
pokopani ze pred pojavom mozai¢nih jagod. Zato
je vprasljiva okvirna izenacitev datacije mozai¢nih
jagod z datacijami drugih predmetov predketlaske
skupine, kakor se postavlja za skupino Vor-Kottlach
in korosko skupino B. Izenaditev namre¢ nakazu-
je, da naj bi bile mozai¢ne jagode prisotne Ze ob
nastajanju in oblikovanju zgodnjesrednjeveske
materialne kulture na obmo¢ju Vzhodnih Alp
(nekdaj poimenovane kot kéttlaska ali ketlaska
kultura). S tem se zabrisuje pojem importa, ki se
pripisuje mozai¢nim jagodam, a pojav halofitskega
stekla je v Evropi novost, ki je ni mogoce prezreti.
Vprasanje je le, ali je arheologija sposobna pojav
izdelkov iz halofitskega stekla natancneje dolociti
tudi kot ¢asovno mejo v arheoloski kronologiji
Evrope. Najdi$ca t. i. karantanske kulturne skupine
v Sloveniji se zdijo pomemben vir za raziskave v
tej smeri.

128 Sagadin 2013, 259-260, t. 6A: 1,2.
129 Giesler 1980, 86, Abb. 1: 4,7.
130 pleterski 2013, 308, 319-320, sl. 16.
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Jagode v grobovih z loncenino

Tretji sklop najdb, iz katerega je analizirano ste-
klo, izvira iz skeletnih grobov, v katere so umrlim
ob pokopu pridali loné¢enino. Grobi$ca s tak§nimi
grobovi so bila odkrita predvsem v vzhodni Slo-
veniji in so datirana deloma v 8., pretezno pa v
9. st.13! Posamezne grobove z lon¢enino so nasli
tudi v osrednji Sloveniji, predvsem na grobisc¢ih,
na katerih so med najdbami v vecini predmeti
t. i. karantanske in kottlaske kulturne skupine.'3?
Loncenina v grobovih je razmeroma enotna, veci-
noma so to lonci z izvihanim ustjem, narejeni na
pocasnem vretenu.!** V grobovih z lonéenino so
nasli steklene jagode le redko, izjema je grobisce
v Turni$c¢u pri Ptuju (H 17), kjer so bile jagode v
$estih od 27 grobov.

S tega najdi§¢a smo analizirali jagode iz grobov
10 in 14 (t. 6: 3,4; opisi v Katalogu predmetov).
Med jagodami ogrlic ni mozai¢nih jagod z oces-
ci, le malo je ¢lenastih, najve¢ je enojnih. Skoraj
vse so iz pramenastega stekla, analizirane jagode
so iz halofitskega stekla (A 135-140). Priblizno
enako $tevilo enojnih modrih in rumenih jagod
in le ena ¢lenasta jagoda verjetno kazejo prvotni
sestav ogrlice iz groba 10 (t. I: 36; 6: 3), nekoliko
dopolnjena se zdi ogrlica iz groba 14, morda z
veliko modro jagodo iz mehurckastega stekla in
drobnima belima jagodama z modrimi pikami
(t. 6: 4), ki jih v kombinacijah z mozai¢nimi ja-
godami praviloma ni.

Podobne ogrlice so tudi v drugih turniskih gro-
bovih, med jagodami je druga¢na le jajcasta zlato
rjava jagoda iz groba 28.134 Po velikosti (dol. 1,5 cm,
pr. 1,0 cm), obliki, tankem plas¢u ter izdelavi v
tehniki pihanja in vlecenja se ujema z jagodo iz
Murske Sobote, iz groba 4 Na plesi, narejeno iz
halofitskega stekla (A 168; t. I: 10).

Najdb je v turniskih grobovih z jagodami malo,
ob keramic¢nih loncih, kot sta v grobovih 10 (sl. 17:
9) in 14, so to uhani (grobova 14 in 22)!3 in kosti

131 Ciglenecki, Knific 1979, 478.

132 Najdbe iz grobov z lon&enino je P. Korogec (1979,
32-55) zdruzila v kulturno skupino s keramiko.

133 Knific 2002, 127-128; nova najdi$¢a grobov z
lon¢enino (dodatek k sl. 1): Dolsko pri Ljubljani (Klasinc
2008), Nova tabla pri Murski Soboti (Gustin 2008).

134 Korosec, Korosec 1953, 210, sl. 35; Bitenc, Knific
2001, 86, kat. §t. 277 (levo zgoraj).

135 Uhani so med pogostej$imi najdbami v Turni§¢u:
Korosec, Korosec 1953, 216-221; Bitenc, Knific 2001, 86,
kat. §t. 276.

ptic oziroma kokosi (grobova 9 in 22).1% Kokogje
kosti so nasli tudi v grobu z jagodami iz halofitskega
stekla v Smokuc¢u (H 7; t. 5: 3). Dodajanje kokosi
v grob je bilo v navadi tudi drugje, v Auhofu pri
Pergu (Zgornja Avstrija) so nasli njihove kosti tudi
v grobovih z mozai¢nimi jagodami.'?”

Na drugih grobisc¢ih z lonc¢enino v severovzhod-
ni Sloveniji jagode iz halofitskega stekla niso
bile v grobovih skupaj s kerami¢nimi posodami.
Na Ptujskem gradu (H 18), kjer so bili prilozeni
lonci v tri grobove,!*® so turniskim podobno
ogrlico nasli v grobu 367 (A 141-144; t. 6: 5), v
katerem je bil tudi par srebrnih uhanov, podobnih
bizantinsko-orientalnim uhanom na najdiscih iz
velikomoravskega obdobja.!*° Iz podobnih jagod je
sestavljena tudi ogrlica iz ptujskega groba 339,140
vendar jagode niso bile analizirane.

Ob tem je treba omeniti, da je eno od moznih
najdis¢ halofitskega stekla tudi Brezje nad Zreca-
mi, kjer so v letih 1954-1955 izkopali ob anti¢nih
grobovih tudi osem zgodnjesrednjeveskih grobov,
v petih so bili kerami¢ni lonci (v treh grobovih
skupaj s kokosjimi kostmi).!*! V grobu 23 so kot
edini najdbi nasli temno modri triclenasti jagodi
iz pramenastega stekla,'*? ki ju po videzu lahko
primerjamo z jagodami iz halofitskega stekla z
drugih najdis¢, npr. Pristave na Bledu (t. I: 28),
Predtrga pri Radovljici (. 1: 29) in Smokuca (t. 5:
3/118). Grobovi z Brezja so datirani v drugo po-
lovico ali na konec 8. ter v prvo polovico 9. st.!4?

Veliko jagod iz halofitskega stekla so nasli na
grobi$cu Na plesi v Murski Soboti (H 21). Podatki
o povezavah med jagodami in keramiko v grobovih
na novoodkritem najdisc¢u $e niso objavljeni. Ana-
lizirane so bile jagode iz Stirih grobov (A 162-174);
razen ene, melonaste (A 164), so vse iz halofitskega
stekla. Clenaste in enojne jagode so iz pramena-
stega stekla, nekaj jih ima sijo¢o prevleko (t. I:
28,32,34). Izjemna je jajc¢asta jagoda iz groba 4
(A 168; t. 1: 10), ki je bila omenjena Ze v zvezi s
podobno jagodo iz Turni$¢a. V grobu 4 je bila Se
ena podobna jajcasta jagoda, iz olivno zelenega
halofitskega stekla, vendar je le delno ohranjena

136 Korosec, Korodec 1953, 227-228.

137 Tovornik 1986, 421 (grob 81), 425 (grob 114),
429-431.

138 Grobovi 255, 294 in 299: Korodec 1999, 43-44, t. 30, 33.

139 Dostal 1996, 35, obr. 8: 8-14.

140 Korosec 1999, 51, t. 35: 16.

141 Pahi¢ 1969; Knific 2002, 122-123.

142 pahic¢ 1969, 240, 254, t. 6: 3; Bitenc, Knific 2001,
87, kat. $t. 279.

143 Pahi¢ 1969, 270.
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SI. 17: Lon¢enina, najdena skupaj s halofitskim steklom: 1-3 Gradi$¢e nad Basljem (sonda 2, plast 2; NMS, inv. §t. S 5701,
S 5731, S 5434; t. 2: 20-22); 4-7 Popava pri Lipovcih (objekt §t. 29; Pomurski muzej Murska Sobota, inv. §t. AI 11695/1,
AT 11695/5, AI 11695/2, AI 11689); 8 Brdo na Bledu (NMS, S 3001; . 4: 20); 9-10 Turni$ce (grob 10 in 14, PM Ptuj-

Ormoz, inv. §t. S 1277, S 1281). Vse keramika. M. = 1:3.

Fig. 17: Pottery found with the plant-ash glass: 1-3 Gradi$¢e above Baselj (trench 2, layer 2; NMS, Inv. Nos. S 5701, S 5731,
S 5434; PI. 2: 20-22); 4-7 Popava near Lipovci (feature no. 29; Pomurski muzej Murska Sobota, Inv. Nos. AI 11695/1,
AT 11695/5, AI 11695/2, Al 11689); Brdo in Bled (NMS, S 3001; PI 4: 20); 9-10 Turni$ée (graves 10 and 14, PM Ptuj-

Ormoz, Inv. Nos. S 1277, S 1281). All pottery. Scale = 1:3.

(Foto / Photo: 1-3,8-10 T. Lauko; 4-7 T. Vrecic)

(A 166).144 Podobne jagode, narejene s pihanjem,
so nasli na najdis$c¢ih starej$ega velikomoravskega
horizonta, pa tudi ob zgornji Donavi in v zahodni
Panoniji.'* Jagode, ki so jih nasli na grobi$¢u pri
cerkvi Device Marije v Zalavarju, posveleni 24.
januarja 850, so datirane najpozneje v konec 9. st.!46

144 Ohranjena tretjina jaj¢aste jagode, narejene s pihanjem.
Plas¢ jagode je tanek, na plas¢u je bradavica (napaka pri
izdelavi ali okras?). Dol. ohranjenega dela 0,95 cm, pr. 1,1
cm, deb. plas¢a 0,1 cm, $irina ovalne luknjice do 0,3 cm.

145 Ungerman 2005, 728-729, obr. 5: 6.

146 Sz8ke 2014, 66, Fig. 32 (zgornja ogrlica).

V osrednji Sloveniji v ta sklop spadajo grobovi
z Brda na Bledu (H 5), Roj pri Morav¢ah (H 14)
in Dolskega pri Ljubljani (H 13). Zveza med mo-
zai¢nimi jagodami (t. 5: 5) in lon¢enino z Brda
(sl. 17: 8; t. 4: 20) je zaradi unicenega grobisca le
nakazana, se pa ¢asovno ujema z drugimi tamkaj-
$njimi najdbami, z nakitom (gl. poglavje Steklo z
grobis¢ na Gorenjskem) in klju¢em zgodnje oblike
(t. 4: 19).1%7 Ne vemo, kaksne so bile te povezave
na najdis¢u Roje pri Moravéah, jasne pa so za
dvojni grob z lon¢enino iz Dolskega pri Ljubljani.

147 Bitenc, Knific 2013-2014, 159-160, 168 (§t. 25),
sl. 9: 1.
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Jagode pri otroskem okostju kazejo prvotni sestav
(t. 1: 14,25,26), analizirane jagode so iz halofit-
skega stekla (A 128-131). Meritev z radioaktivnim
ogljikom zoglenelega lesa je kot najverjetne;jsi
pokazala dataciji med letoma 772-899 (87,8 %)
oziroma 809-887 (62,2 %).148

Steklo iz nizinskih naselbin

Steklenih najdb iz nizinskih naselbin ni veliko,
analizirano je bilo steklo s $tirih najdis¢. S Prza-
nja v Ljubljani (H 12) so iz halofitskega stekla
mozai¢ni jagodi razlicice MAP 0120 (A 12-22)
in dvojno ¢lenasta jagoda s prevleko (A 24,25; t.
1: 27). Meritev radioaktivnega ogljika v oglju iz
naselbinske jame, v kateri so nasli eno od moza-
i¢nih jagod, je pokazala 2 o datacijo med letoma
535-678 (z verjetnostjo 81,1 %), ki je za dobrih sto
let nizja od splo$no sprejete datacije za mozai¢ne
jagode.'*® Z naselbine na blejski Pristavi (H 4)
je bila analizirana kroglica iz natronskega stekla
(A 46), ki je z odlomljenim nastavkom iz zZelezne
Zice povsem podobna iglam s stekleno glavico z
Gradi$ca nad Basljem.

V zadnjih dveh desetletjih je pestro arheolosko
podobo pokazalo zgodnjesrednjevesko Pomurje.
Poleg ze omenjenih najdb z grobis¢a Na plesi v
Murski Soboti (gl. poglavje Jagode v grobovih z
loncenino) je bilo iz Pomurja analizirano $e steklo
z naselbinskih najdis¢ na Novi tabli pri Murski
Soboti in Popavi pri Lipovcih (H 20). Steklo iz-
vira iz naselbinskih objektov, z Nove table smo
analizirali deset vzorcev, vsi so iz natronskega
stekla (A 146-155). Verjetno pripadajo zgodnjemu
naselitvenemu obdobju, kar se ujema z ugoto-
vitvami primerjalnih $tudij o loncenini in $tevilnih
meritev z radioaktivnim ogljikom, ki so pokazale
intenzivno poselitev od poznega 6. do poznega
8. st. in zaznale njen upad v 9. st.!>°

Podobno lahko sklepamo za steklo iz naselbin-
skih jam na najdi§¢u Popava 1 (H 20): z analizami
PIXE-PIGE je bilo za stiri jagode ugotovljeno, da
so iz natronskega stekla (A 156, 158-161), le dolga
valjasta rumeno rjava jagoda je iz halofitskega
stekla (A 157; t. 1: 9). Za jagodo ne poznamo
primerjave, v jami je bilo le nekaj odlomkov lon-
¢enih posod (sl. 17: 4-7), okrasenih z valovnicami,
vrezanimi z glavnikom, ena je imela tudi z vbodi

148 Klasinc 2008.
149 Knific 2008, 36.
150 Gustin, Tiefengraber 2002; Pavlovi¢ 2012.

okraseno ustje, kar je razmeroma pogost okras
na zgodnjesrednjeveski lonéenini.’*! Po najdbah
in meritvah z radioaktivnim ogljikom je naselje
na Popavi datirano v ¢as od konca 6. do zacetka
9. st. Jagoda iz halofitskega stekla bi bila torej iz
zadnjega obdobja njegovega obstoja.

K analiziranemu steklu iz Popave dodajamo $e
jagodo iz Zganega groba 9, enega od 11 Zganih
grobov, ki so jih odkrili na obmo¢ju naselbine
Popava 2. To Zarno grobisce je datirano v ¢as od
konca 7. do zgodnjega 9. st.!>? Prozorna svetlo
zelena jagoda (dol. 0,82 cm, pr. 0,5 cm) iz groba 3
je iz natronskega stekla. Spada v majhno zbirko
steklenih najdb iz Pomurja, v kateri je v vecini
natronsko steklo, verjetno iz prvih stoletij poselitve
obrobja Panonske nizine v zgodnjem srednjem veku.

Jagode z grobis¢ belobrdske kulture

Zadnji arheologki sklop, iz katerega je analizi-
rano steklo, pripada belobrdski kulturi.!>* Obsega
predvsem najdbe z grobis$¢ v severovzhodni Slove-
niji, med katerimi je najvecje na Ptujskem gradu
(H 18). Eno od grobis¢ je tudi pri Sredis¢u ob
Dravi (H 19), kjer so nasli steklene jagode dveh
ogrlic in ve¢ posamicnih jagod. Analizirane so
bile $tiri jagode (A 175-178), tri kroglaste oblike,
z obrobljenimi luknjicami (¢. I: 18), so iz halofit-
skega stekla. Podobne jagode so v Sredisc¢u nasli
v grobu 54,1 §e ve¢ pa na Ptujskem gradu (te
jagode niso bile analizirane).!> Ptujske jagode z
drugimi najdbami iz grobov v okviru kronologije
belobrdske kulture spadajo v drugo polovico 10.
in prvo polovico 11. st.15¢ Ta datacija tudi ustreza
¢asovni opredelitvi teh jagod vzhodnega izvora v
Skandinaviji in ob Baltiku.!*” Preudevanje stekla
z belobrdskih najdis¢ v Sloveniji se je Sele zacelo,
analize PIXE-PIGE lahko pokazejo nove oblike
jagod iz halofitskega stekla, verjetno pa tudi
postopno prevlado halofitskega nad natronskim
steklom.

151 Savel, Karo 2012, 30-31, 62, 67, sl. 42: G 1243.

152 Savel, Knific 2013, 68, 69, §t. 23 (PM, inv. §t. 12477).

153 0O imenu belobrdska (bijelobrdska) kultura: Demo
2009, 552.

154 Knific, Tomani¢ Jevremov 2005, 171, sl. 5: 14.

155 Korogec 1999, 61-62 (ogrlice v grobovih 77, 181,
192, 222, 287).

156 Giesler 1981, 131, Taf. 53.

157 Callmer 1997, 200, PL. 18A: 23.
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ZAKLJUCKI

Rezultate arheometri¢nih raziskav, ki jih obrav-
navamo v tem prispevku, je mogoce strniti v na-
slednje ugotovitve:

1. S preucevanjem stekla z zgodnjesrednjeveskih
arheoloskih najdis¢ v Sloveniji je bilo ugotovlje-
no, da je bilo to narejeno ali v rimski tradiciji,
kot natronsko steklo, ali s pepelom slanoljubnih
rastlin (halofitov), kar je znacilnost stekla vzhod-
nega izvora, ki se je v drugi polovici 8. st. zacelo
$iriti po Evropi.

2. Fizikalne analize s kombinirano metodo PIXE-
PIGE, ki smo jih v letih 2009-2016 opravili na
179 vzorcih s 25 najdis¢ v Sloveniji, so pokazale
pri 85 vzorcih natronsko, pri 94 pa halofitsko
steklo. Steklo z vsebnostjo MgO pod 1,6 % smo
opredelili kot natronsko steklo, z ve¢jim odstot-
kom MgO pa kot halofitsko steklo.

3. Kot vzorci za analizo PIXE-PIGE so bile v veliki
vecini izbrane steklene jagode, le nekaj je okrasnih
vlozkov, kosov surovcev in odlomkov steklenih
posod. Identificirali smo ve¢ tipov natronskega
stekla (Levantine I in II, Egypt II, HIMT, Foy
2-4). Jagode iz natronskega stekla so ve¢inoma
narejene v tehniki ovijanja, steklo je prozorno
in mehurckasto.

4.1z halofitskega stekla so narejeni mozai¢ne jagode
z oCesci ter ¢lenaste in enojno rezane jagode, prve
v mozai¢ni tehniki, ¢lenaste in enojne v tehniki
vlecenja. Pri slednjih je plas¢ iz motnega in
pramenastega stekla, pogosto s prevleko. Sestavi
z mozai¢nimi jagodami z ocesci so datirani v
Evropi v drugo polovico 8. in prvo polovico 9. st.

5. Analizirane jagode izvirajo iz petih arheoloskih
sklopov: z visinskih najdi$¢, grobis¢ t. i. karan-
tanske kulturne skupine, grobis¢ z loncenino, iz
nizinskih naselbin in z grobis¢ belobrdske kulture.

6.1z sklopa najdb z vi$inskih najdis¢ predstavljamo
steklo z Gradis¢a nad Basljem, kjer so bili najdeni
$tevilni kosi orozja, konjeniske in konjske opreme,
med njimi tudi pozlac¢eni predmeti, znacilni za
opravo pripadnikov elite v karolinskem obdob-
ju. Na najdi$¢u prevladuje natronsko steklo, iz
katerega so tudi kosi surovcev, po katerih bi
lahko sklepali na steklarsko dejavnost. Nekaj

jagod je iz halofitskega stekla, kar je skladno z

datacijo najdisc¢a v ¢as od poznega 8. do prve

polovice 10. st.

7.Zaanalizirane steklene izdelke iz t. i. karantanske
kulturne skupine je znacilno natronsko steklo, na
Gorenjskem so iz njega narejene jagode in okrasni
dodatki na nakitu, predvsem pri zi¢natih uhanih.

Pojav tak$nega nakita v grobovih skupaj z izdelki
iz halofitskega stekla (tudi na istem predmetu)
pri¢a o socasnosti obeh vrst stekla. Prisotnost
halofitskega stekla je klju¢na za druga¢no ¢asovno
opredelitev tistih grobnih celot (npr. s Pristave na
Bledu), ki so bile datirane pred drugo polovico
8. st., oziroma za razjasnitev zgodnje datacije
t. i. karantanske kulturne skupine (7. in 8. st.).

. Ogrlice iz skeletnih grobov, v katere so umrlim

pridali loncéenino (ali kokos), so ve¢inoma iz
enojnih in ¢lenastih jagod iz pramenastega halo-
fitskega stekla. Grobisca, kjer je bil taksen pokop
ustaljen (npr. v Turni$¢e pri Ptuju), so odkrili v
vzhodni Sloveniji, posamezne grobove so nasli
tudi v osrednji Sloveniji. Datacija grobov se v
glavnem delu (druga polovica 8. in prva polo-
vica 9. st.) ujema z datacijo mozai¢nih jagod in
njihovih sestavov.

9. Steklo iz nizinskih naselbin - s teh je Cetrti sklop

najdb - je bilo analizirano s $tirih najdis¢. Edini
mozai¢ni jagodi z ocesci so nasli na obmodju
naselbine na Przanju v Ljubljani. Najve¢ nizinskih
naselbin so odkrili v severovzhodni Sloveniji,
strnjeno predvsem v Pomurju. Analizirana je bila
tudi jagoda z zarnega grobis¢a na Popavi. Steklo
iz Pomurja je ve¢inoma natronsko, najdena je bila
le ena jagoda iz halofitskega stekla, kar se ujema
s prevladujoc¢imi zgodnjimi datacijami, ki so jih
za naselbine pokazale meritve z radioaktivnim
ogljikom (od poznega 6. do prve polovice 9. st.).

10. Zadnji arheoloski sklop pripada belobrdski kulturi,

sestavljajo ga najdbe z grobis¢ v severovzhodni
Sloveniji. Analiziranih je bilo nekaj jagod z
grobi$ca pri Srediscu ob Dravi, tri jagode so iz
halofitskega stekla. Veliko ogrlic s podobnimi
jagodami so nasli na grobi$¢u na Ptujskem gra-
du. V kronoloski shemi belobrdske kulture take
jagode spadajo med najdbe iz druge polovice 10.
in prve polovice 11. st. Nove analize PIXE-PIGE
bi lahko odkrile Se neznane vrste jagod iz halo-
fitskega stekla in potrdile domnevo o postopni
prevladi halofitskega nad natronskim steklom.

11. Z analizami PIXE-PIGE nastaja ob jagodah

iz mozai¢nih sestavov tudi zbirka podatkov o
jagodah, ki so druga¢nih oblik, a so prav tako
narejene iz halofitskega stekla. Veliko stevilo jagod
in njihova razsirjenost razkrivata, da halofitsko
steklo doloc¢a prepoznavno arheolosko plast,
ki lo¢uje in povezuje najdbe iz petih zgodnje-
srednjeveskih sklopov. Najdbe v njih so lahko
starejSe od pojava jagod iz halofitskega stekla,
lahko so soc¢asne z njihovo $iritvijo ali pa mlajse
od glavnega toka, ki je zajel Evropo, verjetno
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v drugi polovici 8. in prvi polovici 9. st. Pojav
halofitskega stekla je dejstvo, ki je pomembno za
kronologijo arheoloskega zgodnjega srednjega
veka v Sloveniji.

Zahvala

Vsem, ki so nama pomagali pri nastanku ¢lanka, se
iskreno zahvaljujeva. Njihov prispevek je velik: Samo
Sankovi¢ je omogo¢il analizo in predstavitev novih najdb
iz Murske Sobote, Milan Sagadin je dovolil objavo izbranih
najdb iz Smokuca, Peter Stadler je posredoval sliko ogrlice
in podatke o najdbi z Roj pri Moravéah. Mojca Vomer Goj-
kovi¢, Marija Lub$ina Tu$ek, Maja Janezi¢, Branko Kerman,
Borut Kriz in Ivan Zizek so naju oskrbeli s predmeti za
raziskavo z najdis¢ Ptujski grad, Turnisée, Ptuj, Dolsko,
Nova tabla, Popava, Bela Cerkev in Camberk. Polona Bi-
tenc je pomembno dopolnila katalog predmetov, Tomaz
Lauko posnel vecino fotografij, Dragica Knific Lunder in
Ida Murgelj sta prispevali risbe predmetov, slednja je tudi
grafi¢no uredila slikovno gradivo.

KATALOG NAJDISC

H: Mozaicne jagode z ocesci in druge jagode iz halofitskega
stekla v Sloveniji (sl. 9):

H 1. Devica Marija na polju pri Bovcu

Analizirani vzorci: —.

Leta 1884 (ali Ze prej) so pri cerkvi Device Marije na
polju pri Bovcu izkopali skeletni grob z ogrlico. Najdba je
prisla v zasebno zbirko, kjer jo je leta 1887 videl arheolog
J. Szombathy in o njej zapisal nekaj podatkov v popotni
dnevnik (sl 10).'>® Omenja 6 mm velike rumene in modre
svitkaste jagode ter valjasto mozai¢no jagodo z ocescem.
Jagode so zdaj pogresane, a po opisu in skici v dnevniku je
bilo mogoce deloma rekonstruirati mozai¢no jagodo.!>® Po
tipologiji MAP!? ima jagoda znacilno zaporedje barvnih
prog modra-bela-rde¢a-rumena-rdeca-bela-modra (vzorec
1), obliko in enojno razporeditev o¢esc med pasovoma
barvnih prog (razli¢ica 71), za popolno opredelitev jagode
pa manjka vzorec okrasnega ocesca.

H 2. Tonovcov grad pri Kobaridu

Med arheoloskim raziskovanjem poznoanti¢ne visinske
naselbine na Tonovcevem gradu so v letih 1993-2006 nasli
veliko stekla, predvsem ¢repinje posod in kosce okenskih

158 Rokopisni zvezek 89, str. 62. Izvirnik hrani arhiv
Naravoslovnega muzeja na Dunaju pod naslovom: Tagebiicher,
Biichlein 89, Palethnologische Excursionen 1884-1887. Kopija
dnevnika je v arhivu Instituta za arheologijo ZRC SAZU.

159 Svoljsak 2002, 268, 274, 277, sl. 2 in 4 (barvna
rekonstrukcija mozai¢ne jagode). Predlagana opredelitev
mozaic¢ne jagode za tipsko razli¢ico MAP 1271 je negotova,
ker vzorec ocesca ni znan. Dolzina jagode je bila po skici
v dnevniku priblizno 2,5 cm, premer pa 1 cm.

160 Andrae 1973, 110-117, Taf. 1-5.

$ip,161 steklenih jagod je bilo malo, jagode ogrlice, med

katerimi so tudi jagode iz pramenastega stekla, so nasli v
grobu 3.192 Po analizi PIXE-PIGE je bila na Tonovcovem
gradu ugotovljena ena jagoda iz halofitskega stekla,'® t. j.
$tiri¢lenasta modra jagoda iz zgodnjesrednjeveske plasti
v stavbi 1.164

H 3. Zale pri Srednji vasi v Bohinju

Analizirani vzorci: A 119-125.

Leta 1907 so na ledini Zale pri Srednji vasi v Bohinju
izkopali 23 skeletnih grobov. Najdbe, med katerimi je
predvsem nakit, so uvr§¢ene v t.i. karantansko in kottlasko
kulturno skupino.'®> V otrogkem grobu 18 so ob okrasni
zaponki in obsen¢nih obrockih nagli tudi steklene jagode
ogrlice (t. 4: 6-9).1 Analize (A 121-124) so pokazale,
da je tudi temno modra tri¢lenasta jagoda iz halofitskega
stekla (A 122; t. 4: 6/122; 5: 4/122).

H 4. Pristava na Bledu

Analizirani vzorci: A 46-74.

Med arheoloskimi izkopavanji v letih 1948-1951 so od-
krili na ledini Pristava pod blejskim gradom 233 skeletnih
grobov iz zgodnjega srednjega veka. V grobovih s predmeti
karantanske skupine so naili tudi steklene jagode,'®” po
analizah (A 47-74) ob jagodah iz natronskega stekla tudi
ve¢ jagod iz halofitskega stekla. Tak$ne so nekatere jagode
ogrlic iz grobov 14 (A 52-54; t. 1: 24,29,31; 3: 1/52-54;
5:1/52-54) in 143 (A 71-73; t. 1: 8,35,39; 4: 1/71-73; 5:
2/71-73), v grobu 65 pa je bila temno modra dvoclenasta
jagoda, nataknjena na obsencni obrocek (A 63; t. 3: 25).
Iz halofitskega stekla je tudi jagoda obeska na uhanu iz
groba 14 (A 48; sl. 15: 5; t. 3: 6). V blizini grobi$ca so
odkrili tudi ostanke zgodnjesrednjeveske naselbine, med
najdbami z obmocja naselbine je tudi kroglica (pr. 0,8 cm)
iz prozornega modrikastega natronskega stekla (A 46), v
kateri je Zelezen Zi¢nat nastavek, morda del igle.!®

H 5. Brdo na Bledu

Analizirani vzorci: A 75-87.

Na ledini Brdo vzhodno od vasi Grad so leta 1894 pre-
kopali pri zemeljskih delih 100 do 150 skeletnih grobov.
Najdbe karantanske skupine so ohranjene le delno in brez
podrobnejsih najdis¢nih podatkov. Na vrhu naravne gomile,
kjer so bile najdbe pogostejse, so nasli tudi glinena lonca
(sl. 17: 8; t. 4: 205 drugi lonec je pogre$an), na juznem

161 Milavec 2011b in 2015.

162 Milavec 2011a, 71-73, sl. 2.13.

163 Smit et al. 2013, 54, Table 1 (§t. 22304).

164 Milavec 2011a, 34, sl. 2.3: 7, t .4: 10.

165 Obe poimenovanji, ki ju je predlagala P. Korosec
(1979), uporabljava le kot oznaki za prepoznavna sklopa
najdb med zgodnjesrednjeveskim arheoloskim gradivom z
obmocdja Vzhodnih Alp. V nadaljevanju krajde: karantanska
skupina in ketlagka skupina.

166 Smid 1908, 21, 25, Taf. 2: 29; Korosec 1979, 76/1,
17/11, t. 15: 3¢,d.

167 Kastelic, Skerlj 1950, 35-36, sl. 17; Korosec 1979,
65/1,72/1,13/11,15/11; t. 8: 5,11; 14: 2b-g; 154: 5.

168 Belak, Pleterski, Knific 2008, 180, t. 29: 20 (domnevno
zaklju¢ek uhana z verizicami).

=N
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obrobju pa vsaj v dveh grobovih steklene jagode,'®® ki so
zdaj nanizane skupaj (. 5: 5). Po analizah (A 79-87) je
ob jagodah iz natronskega stekla v nizu tudi nekaj jagod
iz halofitskega stekla (t. 5: 5/81,82,85-87), med njimi mo-
zai¢na valjasta jagoda (MAP 0062) z znacilnim progastim
vzorcem (t. I: 7). Iz halofitskega stekla je tudi ena od treh
okrasnih jagod na Zi¢natem uhanu (A 78; sl 15: 7/78).

H 6. Zasip

Analizirani vzorci: A 89-91.

Na ledini Zale so v letih 1985-1987 raziskali grobisce s
55 skeletnimi grobovi. Drobne najdbe so bile v 20 grobovih,
predvsem nakit, ki spada v karantansko in ketlagko skupi-
no, in nekaj uporabnih predmetov, med njimi keramicen
lonec. V grobu 15 so nasli steklene jagode ogrlice,!”® med
katerimi je bila po analizi (A 89) tudi zlato rumena tricle-
nasta jagoda iz halofitskega stekla (¢. 1: 33).

H 7. Smoku¢

Analizirani vzorci: A 99-118.

Sredi vasi so po letu 1934 veckrat nasli skeletne grobo-
ve, ki so bili, kot so pokazale arheoloske raziskave v letih
2003 in 2004, del velikega grobisc¢a. Takrat so odkrili e
76 grobov, od katerih jih bilo nekaj iz poznorimskega ob-
dobja, vecina pa iz zgodnjega srednjega veka.l”! Najdbe iz
zgodnjesrednjeveskih grobov, predvsem nakit, so znacilne
za karantansko in ketlasko skupino. Izkopali so tudi grob s
pridanim kerami¢nim loncem, in sicer na delu grobisca, od
koder sta bila tak§na grobova znana Ze od prej.!’? V dveh
grobovih sta bili ogrlici iz steklenih jagod: v grobu 2 skupaj
z nakitom karantanske skupine (sl. 16; t. 4: 3), v grobu 60 pa
so ob ogrlici (£. 5: 3) nasli tudi kokosje kosti.!”® Po analizah
so izbrane jagode z obeh ogrlic iz natronskega (grob 2: A
103,104,106; grob 60: A 112-114) in halofitskega stekla (grob
2: A 99-102,105, ¢t. 1: 13,22; grob 60: A 110,111,115-118;
t. 1: 11,41). V grobu 51 z nakitom karantanske skupine je
bila jagoda iz halofitskega stekla, nataknjena na obsenc¢enem
obrocku (A 1105 sl. 15: 9). Vzorci jagod iz poznoanti¢nega
groba 8 so iz natronskega stekla (A 107-109).

H 8. Predtrg pri Radovljici

Analizirani vzorci: A 92-98.

Leta 1906 so na Sandrovi polici v Predtrgu pri Radov-
ljici izkopali osem skeletnih grobov. Pridatki so bili v dveh
grobovih, v enem Zelezen noz in keramicen lonec, v drugem
(grob 6) zelezen noz in steklene jagode ogrlice (¢. 6: 1).174
Po analizah je vecina izbranih jagod iz halofitskega stekla
(t. 6: 1/92,94-98), tudi mozai¢na jagoda z ocesci tipa MAP
1272 (A 94; t. 1: 5).17> Med analiziranimi primerki je iz na-
tronskega stekla le zelena cevkasta jagoda (A 93; t. 6: 1/93).

169 Miillner 1894, 14; Smid 1908, 32, Taf. 2: 30; Korogec
1979, 11/1, 61/11, t. 2: 14,15.

170 Knific, Pleterski 1993, 244-245, sl. 17, t. 4: 15/4—63
(tri¢lenasta jagoda iz halofitskega stekla je narisana na t. 4:
15/35).

71 Sagadin, Svoljsak 2000-2004.

172 Knific 2002, 118-119; Knific, Nabergoj 2016, 71, s1. 83.

173 Knific, Nabergoj 2016, 71, sl. 83 (NMS, inv. §t. S 5609).

174 Pleterski 1990.

175 Andrae 1973, 174, §t. 116.

H 9. Gradis$ce nad Basljem

Analizirani vzorci: A 41-45.

Manj$a arheologka izkopavanja so na Gradis¢u potekala
v letih 1939, 1998 in 2015. Odkrite so bile razvaline po-
znoanti¢ne naselbine (5. in 6. st.), nad njimi pa ¢rna plast,
moc¢no pomesana z drobci oglja, v kateri so bile $tevilne
zgodnjesrednjeveske najdbe, datirane od poznega 8. st. do
prve polovice 10. st. Leta 1998 so nasli v tej plasti veliko
kovinskih predmetov (t. 2: 7-19), predvsem za karolinsko
obdobje znacilne dele konjenidke oprave,!”® $tevilne od-
lomke lonéenine (sl. 17: 1-3; t. 2: 20-22) ter ve¢ steklenih
izdelkov (t. 2: 1-6) in kosov neobdelanega stekla (sl. 12:
7-9). Analize opravljene leta 2004!77 in nekaj leta 2010
(A 41-45) so pokazale, da prevladuje natronsko steklo (sl.
12), §tiri jagode pa so bile narejene iz halofitskega stekla
(sl. 13; t. 1: 15).

H 10. Lajh v Kranju

Analizirani vzorci: A 26-38.

V letih 1898-1905 in 2003-2010 so na ledini Lajh
pod Kranjem odkrili 720 skeletnih grobov iz obdobja od
poznega 5. do zgodnjega 7. st. Posebnost med njimi je
grob 57, ki ga je po jagodah iz halofitskega stekla (t. I:
6,17,19,21; 6: 2/26-29,32,33) mogoce datirati v pozno 8. st.
ali prvo polovico 9. st. V grobu je bila tudi okrogla noga
steklenega kozarca.!”® Najdi$c¢e niza jagod (A 29-33; £. 6: 2)
ni povsem zanesljivo, saj o njih v poro¢ilu o izkopavanju
grobid¢a ni podrobnih podatkov!”® in do leta 1970 niso
bile vpisane v inventarno knjigo ali fotografirane v sklopu
najdb iz Lajha. V zvezi s tem najdis¢em se omenjajo leta
1973 v §tudiji 0 mozai¢nih jagodah z oéesci,'® z risbo so
bile objavljene leta 1980.!8!

H 11. Ljubljana

Analizirani vzorci: A 1-6.

Na obmo¢ju rimske Emone so nasli med izkopavanji,
ki jih je v letih 1909-1912 vodil W. Smid, dve jagodi, mo-
zai¢no z ocescem tipske razli¢ice MAP 0120 in ¢lenasto
(t. 1: 3,40),'82 za kateri so analize PIXE-PIGE pokazale,
da sta iz halofitskega stekla.

H 12. Prianj v Ljubljani

Analizirani vzorci: A 11-25.

Na Przanju so leta 2004 raziskali ostanke zgodnje-
srednjeveske naselbine iz ¢asa med 8. in 10. st., v katerih
so odkrili sledove Zelezarske dejavnosti. V zasutju na-
selbinskih jam so nasli veliko odlomkov loncenine, tudi
precej ¢repinj razli¢nih steklenih posod, ki so bile kar v
13 jamah,'®3 in nekaj steklenih jagod. Analize so za dva
vzorca pokazale natronsko steklo (A 11,23), za mozai¢ni

176 Karo 2012a; Karo, Knific 2015a.

177 Smit et al. 2009a, 122, Fig. 2.
178 Stare 1980, 55, t. 26: 1.
179 Smid 1907, 63, Taf. 2.
180 Andrae 1973, 171, §t. 77.
181 Stare 1980, 55, t. 26: 2.
2 Knific 2008, 36, sl. 3: 1,4 (pod ¢lenasto jagodo je
na sliki po pomoti napisana §t. 2).
183 Hrovatin, Turk 2008,147-149.

N

~

%

1

o



Zgodnjesrednjevesko steklo na Slovenskem: studij sestave in jagode iz halofitskega stekla 393

jagodi tipske razli¢ice MAP 0120'%* (A 12-22) in dvojno
¢lenasto jagodo (A 24,25; t. 1: 27) pa halofitsko steklo.

H 13. Dolsko pri Ljubljani

Analizirani vzorci: A 128-131.

Leta 2008 so na ledini Spodnje Skovce pri Dolskem
odkrili zgodnjesrednjeveski grob, v katerem sta bila po-
kopana odrasla oseba in otrok.!®> V grob so polozili za
glavi pokojnih ve¢ji lonec, k nogam odraslega pa loncek.
Ob ostankih otroske lobanje je lezalo 43 steklenih jagod,
veclina svitkastih, svetlomodrih in temno modrih (¢. 1: 14)
ter dve dvojni ¢lenast jagodi (. I: 25,26). Analizirane jagode
so iz halofitskega stekla.

H 14. Roje pri Moravcah

Analizirani vzorci: —.

Na grebenu Roje med Morav¢ami in Gabrovko so v letih
1878, 1902, 1907, 1970 in 1999 odkrili veliko zgodnjesre-
dnjeveskih grobov. V nekaterih so nasli nakit, ki spada v
ketlasko skupino, v drugih na poc¢asnem vretenu narejene
keramiéne lonce.!8¢ Leta 1902 je ve¢ grobov izkopal J.
Szombathy,'®” v enem so naili steklene jagode (sl 11). V
nizu, ki ga hranijo v Naravoslovnemu muzeju na Dunaju, je
tudi mozai¢na jagoda tipske razlicice MAP 0450 (t. 1: 4).188

H 15. Bela Cerkev pri Smarjeti

Analizirani vzorci: A 7-10.

Med arheoloskimi izkopavanji na avtocestni trasi pod
vasjo Bela Cerkev so leta 2002 odkrili ostanke naselbine
iz starejse Zelezne dobe in mozai¢no jagodo z ocesci tipa
MAP 0121 (¢. 1: 2) kot posami¢no najdbo.!®

H 16. Anc¢nikovo gradisce pri Juri$ni vasi

Analizirani vzorci: —.

Z arheoloskimi raziskavami v letih 1986-2002 so na
najdis¢u odkrili ostanke poznorimske utrjene viSinske
naselbine (druga polovica 4. in prva polovica 5. st.)!”°
in sledi zgodnjesrednjeveske poselitve (druga polovica 8.
in 9. st.).1! O tej poselitvi pri¢ajo malostevilni odlomki
loncenine in mozai¢na jagoda tipa MAP 0473 (t. I: 1).

H 17. Turni$ce pri Ptuju

Analizirani vzorci: A 135-140.

V blizini gras¢ine Turni$ce so v letih 1949, 1950, 1954 in
1970 odkrili 27 zgodnjesrednjeveskih skeletnih grobov. V
dvanajstih so nasli kerami¢ne lonce, v sedmih okostja ptic,
ob uhanih, nozih, kresilih in drugih drobnih najdbah pa v
$estih grobovih (9, 10, 14, 16, 22, 28) tudi steklene jagode.'*?
Analizirane so bile po tri jagode z ogrlic iz grobov 10 in 14

1

%

4 Knific 2008, 35-36, §t. 1,2.

185 Klasinc 2008; Zorz 2012, 286—288.

186 Knific 2002, 121.

187 Szombathy 1911, [20].

188 Andrae 1973, 175, §t. 120 (jagoda je opredeljena
kot razli¢ica MAP 0410).

189 Kriz 2003, 94 (slika); Knific 2008, 36.

190 Ciglenecki 2008, 488, 494.

1 Strménik Guli¢, Ciglenecki 2003, 23-24, 34.

192 Korosec, Koro$ec 1953; Jevremov 1975; Bitenc,
Knific 2001, 85-87, kat. 275-277. - V prvi objavi se opis

o

(t. 1: 36; 6: 3,4); vse so iz halofitskega stekla. V obeh grobovih
je bil lonec, v grobu 14 tudi par delno ohranjenih uhanov.!*?
Lonec iz groba 10 je bil narejen na po¢asnem vretenu (sl.
17:9), lonec iz groba 14 pa prostoro¢no (sl. 17: 10).

H 18. Ptujski grad na Ptuju

Analizirani vzorci: A 141-144.

Na veliki nekropoli na Ptujskem gradu z okoli 400 zgo-
dnjesrednjeveskimi grobovi so nasli steklene jagode v 21
grobovih, pogosto v velikem $tevilu, drobne, brezbarvne,
skoraj vedno skupaj z najdbami belobrdske kulture (npr. v
grobovih 77, 175, 181, 192, 193, 208, 287, 395).1% Druga¢-
ne so jagode iz groba 367 (t. 6: 5), ki ga je P. Koro$ec na
podlagi para srebrnih uhanov uvrstila v starejso, veliko-
moravsko fazo ptujskega grobis¢a.!® Za izbrane jagode iz
groba 367 je analiza PIXE-PIGE pokazala, da so narejene
iz halofitskega stekla.

H 19. Sredisce ob Dravi

Analizirani vzorci: A 175-179.

Na ledini Cirkevca pri Sredi$¢u ob Dravi so v letih
1907, 1908 ter 1993, 1994 in 1996 potekala arheoloska
izkopavanja, med katerimi so nasli 21 skeletnih grobov
z najdbami, ki sodijo v belobrdsko kulturo. V njih je bilo
malo steklenih jagod, najveé v grobu 54,'°¢ nekaj podobnih
pa tudi v grobu 71 (t. I: 18), za katere je analiza pokazala,
da so iz halofitskega stekla (A 175-178).

H 20. Popava pri Lipovcih

Analizirani vzorci: A 156-160.

Leta 2006 so na najdis¢u Popava 1 odkrili naselbinske
ostanke iz zgodnjega srednjega veka, med njimi tudi jame
enoprostornih stanovanjskih objektov. V zasutju jam je bilo
predvsem veliko odlomkov lonéenine, nasli pa so tudi pet
steklenih jagod, in sicer v objektih 2, 3 in 29.'7 Analize
so pokazale, da so §tiri jagode iz natronskega stekla (A
156, 158-160), ena, iz objekta 29, pa iz halofitskega stekla
(A'157;t.1:9). V jami objekta 29 je bilo tudi ve¢ odlomkov
lon&enih posod (sl. 17: 4-7).198

H 21. Na plesi v Murski Soboti

Analizirani vzorci: A 162-174.

V letih 2013 in 2014 so na najdi$¢u Na plesi v Murski
Soboti raziskali del zgodnjesrednjeveskega grobisca. Odkrili
s0 24 skeletnih grobov, iz obdobja od konca 8. do 10. st., v
katerih je bilo tudi ve¢ ogrlic iz steklenih jagod.'* Anali-
ziranih je bilo 13 jagod iz grobov 2, 4, 14 in 15, in razen
ene iz natronskega stekla (A 164), so bile druge narejene
iz halofitskega stekla (t. 1: 10,12,28,32,34,38). V grobovih
so nasli tudi loncenino.

grobov zac¢ne s $tevilko 8, ker so sedem grobov prekopali
ze pred arheoloskimi izkopavanji.

193 Korosec, Korosec 1953, 203, risba 9: 1,2; 105 sl. 25.

194 Korosec 1999, 60-62.

195 1b., 50-51, t. 37: 11-13.

196 Knific, Tomani¢ Jevremov 2005, 171, sl. 5: 14.

197 Savel, Karo 2012, 350-355, 432-433, §t. 941, 947,
958-959, 1242.

198 Ib., 432-433, §t. 1243, 1245-1247.

199 Sankovi¢ 2016 (predavanje v Kranju, 29. 9. 2016).



394 Timotej KNIFIC, Ziga SMIT

KATALOG PREDMETOV

DMNM = Dolenjski muzej Novo mesto

NHMW = Naturhistorisches Museum Wien

NMS = Narodni muzej Slovenije

PM = Pomurski muzej Murska Sobota

PM P-O = Pokrajinski muzej Ptuj-Ormoz

ZVKDS, Center za preventivno arheologijo = ZVKDS, CPA

Tabla 1

Mozaicne jagode z ocesci, enojne in ¢lenaste jagode iz
halofitskega stekla z najdis¢ v Sloveniji (izbor znacilnih jagod)

1. Anénikovo gradisée pri Jurisni vasi

Valjasta mozai¢na jagoda z raznobarvnimi progami
ob straneh in dvema vrstama enakih oc¢esc na osrednjem
polju.?%? Proge si sledijo v zaporedju modra, bela, rdeca,
rumena, rdeca, bela, modra. Odesca imajo radialno zeleno-
rumeno obrobje, rumen kolobar obdaja rde¢ notranji krog
z belim kriZzem, na seci$¢u krakov je moder pravokotnik.
Po znacilnih vzorcih okrasnih prog (1), o¢esc (04) in nji-
hovi razporeditvi (73)?°! je jagoda opredeljena kot tipska
razli¢ica MAP 0473.2°2 Jagoda ni bila analizirana z metodo
PIXE-PIGE. Dol. 2,0 cm, pr. 0,9 cm. Hrani jo Zavod za
varstvo kulturne dedis¢ine Slovenije, OE Maribor.

2. Bela Cerkev pri Smarjeti

Mozai¢na jagoda v obliki olive s $estimi enakimi ocesci,
ki zapolnjujejo vso povrsino. Ocesca imajo radialno zeleno-
rumeno obrobje, v sredini modro piko v belem krogu, ki
je obdan z rde¢im in rumenim kolobarjem. Siroka obrobja
ocesc dajejo jagodi prevladujoco zeleno barvo. Spada med
jagode tipske razli¢ice MAP 0121.2%% Analiza vzorcev po
metodi PIXE-PIGE (A 7-10). Dol. 1,52 cm, pr. 0,93 cm.
DMNM, inv. §t. A 3170.

3. Ljubljana

Mozai¢na jagoda podolgovato ovalne oblike z dvema
ocescema: eno je razpotegnjeno, drugo stisnjeno v barv-
ne ¢rte. V sredini ocesca je modra pika, obdana z belim,
rde¢im in rumenim kolobarjem. Siroko obrobje ocesc s
temnimi pre¢nimi ¢rtami daje jagodi prevladujoco zeleno
barvo. Spada med jagode tipske razlicice MAP 0120.204
Analiza PIXE-PIGE (A 2-6). Najdena na obmoc¢ju rimske
Emone, shranjena skupaj s pet¢lenasto jagodo (t. 1: 40).
Dol. 1,4 cm, pr. 0,42 cm. NMS, inv. §t. R 10051.

4. Roje pri Moravéah

Mozai¢na jagoda tipske razli¢ice MAP 0450.2°° Jagoda
ni bila analizirana z metodo PIXE-PIGE. Jagoda z ogrlice

200 Prva objava: Strménik Guli¢, Ciglenecki 2003, 25,
sl. 29 (desno).

201 MAP = tipoloska opredelitev mozai¢nih jagod z
ocesci po Andrae 1973, 110-117, Taf. 1-5.

202 Knific 2008, 36, sl. 3: 2 (na sliki je pod jagodo
pomotoma zapisana $tevilka 4).

203 Knific 2008, 36, sl. 3: 3

204 Knific 2008, 36, sl. 3: 1.

205 Andrae 1973, 175, §t. 120 (navedena inv. §t. ogrlice
je napacna). Mozai¢na jagoda je pripisana razli¢ici MAP
0410, vendar jagoda ni kroglasta, ampak je ploscata.

iz groba 11.2% Dol. 0,65 cm, vi$. 0,65 cm, deb. 0,25 cm.
Naturhistorisches Museum Wien, inv. §t. 54830.

5. Predtrg pri Radovljici

Valjasta mozai¢na jagoda z raznobarvnimi progami ob
straneh in v sredini. Pasova med progama sta zapolnjena
z ocesci. Proge si sledijo v zaporedju modra, bela, rdeca,
rumena, rdeca, bela, modra. Ocesca imajo rumen notranji
krog, obdan z rde¢im in belimi kolobarjem, iz katerega
izhajajoce ¢rtice radialno delijo modro obrobje. Po zna-
¢ilnih vzorcih okrasnih prog (1), ocesc (12) in njihovi
razporeditvi (72) je jagoda opredeljena kot tipska razlic¢ica
MAP 1272.2%7 Povr§ina z modrim steklom je mo&no naceta,
jagoda je razpadla na dvoje. Analiza PIXE-PIGE (A 94).
Jagoda z ogrlice iz groba 6 (. 6: 1/94).208 Dol. 2,2 cm, pr.
0,8 cm. NMS, inv. §t. 2037.

6. Lajh v Kranju

Valjasta mozai¢na jagoda z raznobarvnimi progami ob
straneh in v sredini. Pasova med progama sta zapolnjena z
ocesci. Delno ohranjene proge (predvsem rdece, rumene in
bele le kot komaj vidne sledi) si sledijo v zaporedju modra,
bela, rde¢a, rumena, rdeca, bela, modra. Ocesca imajo
modro obrobje in zelen notranji krog z belim krizem in
rde¢im pravokotnikom na secis¢u krakov; notranji krog
obdajajo rumen, rde¢ in bel kolobar. Po znac¢ilnih vzorcih
okrasnih prog (1), o¢esc (07) in njihovi razporeditvi (72)
je jagoda opredeljena kot tipska razli¢ica MAP 0772.20°
Analiza PIXE-PIGE (A 32). Jagoda v nizu iz groba 57
(t. 6: 2/32). Dol. 2,2 cm, pr. 0,75 cm. NMS, inv. §t. S 854.

7. Brdo na Bledu

Valjasta mozai¢na jagoda s progastim vzorcem, od
modre na robu prek bele in rde¢e do rumene v sredini,
tipska razli¢ica MAP 0062 (t. 5: 5/82). Analiza PIXE-PIGE
(A 82). Narejena je v mozai¢ni tehniki. Dol. 0,8 cm, pr.
0,65 cm. NMS, inv. §t. S 2151.

8. Pristava na Bledu

Jagoda mandljaste oblike iz svetlomodrega prosojnega
mehurckastega stekla (t. 4: 1/73; 5: 2/73). Analiza PIXE-
PIGE (A 73). Dol. 1,5 cm, vi$. 1,0 cm, deb. 0,5 cm. Narejena
je v tehniki ovijanja. Jagoda z ogrlice iz groba 143. NMS,
inv. §t. S 275.

9. Popava pri Lipovcih

Dolga valjasta jagoda iz rumeno rjavega pozornega
stekla. Plas¢ jagode je tanek. Analiza PIXE-PIGE (A 157).
Dol. 2,9 c¢m, pr. 0,5 cm, deb. plas¢a 0,05 cm. Narejena v
tehniki pihanja in vlecenja. Iz stanovanjskega objekta 29
(SE 260).21° PM, inv. §t. AT 11783.

10. Na plesi v Murski Soboti

Jajcasta jagoda iz prosojnega brezbarvnega stekla. Plas¢
jagode je tanek. Nekoliko poskodovana, z velikima ovalni-
ma luknjicama pri straneh. Dol. 1,35 cm, pr. 0,97 cm, deb.
plasc¢a 0,1 cm, $irina ovalnih luknjic do 0,4 cm. Narejena

206 Tzkopavanje J. Szombathyja 12. avgusta 1902. Po
podatkih P. Stadlerja (Naturhistorisches Museum Wien).

207 Andrae 1973, 174, ét. 116.

208 pleterski 1990, 486, sl. 8, 9 (5t. 41).

209 Andrae 1973, 171, §t. 77 (jagoda je pomotoma
oznacena kot razli¢ica MAP 0762); v seznamu (ib., 180,
Liste 8) je uvrs¢ena med jagode razlicice MAP 0772.

210 Savel, Karo 2012, 432-433, §t. 1242,
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v tehniki pihanja in vle¢enja. Analiza PIXE-PIGE (A 168).
Grob 4. PM, ter. §t. PN 68.

11. Smokuc

Svitkasta svetlo zelena jagoda iz pramenastega stekla
(t. 5:3/117). Analiza PIXE-PIGE (A 117). Jagoda z ogrlice
iz grob 60. Deb. 0,4 cm, pr. 7,5 cm. NMS, inv. §t. S 5069.

12. Na plesi v Murski Soboti

Svitkasta jagoda iz travnato zelenega stekla. Analiza
PIXE-PIGE (A 174). Deb. 0,38 cm, pr. 0,75 cm. Grob 15,
PM, ter. $t. PN 181.

13. Smokuc

Kolobarjasta zelena jagoda iz pramenastega stekla; na
eni strani je poSevno odrezana, na drugi zaobljena (sl.
16: 3/101; t. 4: 3/101). Analiza PIXE-PIGE (A 101). Deb.
0,56 cm, pr. 0,75 cm. Jagoda z ogrlice iz groba 2. NMS,
inv. §t. S 5625/4.

14. Dolsko pri Ljubljani

Svitkasta jagoda iz modro zelenega stekla. Analiza
PIXE-PIGE (A 129). Jagoda iz dvojnega groba 3, najdena
pri lobanji otroka. Deb. 0,25 cm, pr. 0,41 cm. ZVKDS,
CPA, Ptuj, ter. st. PN 21.

15. Gradisée nad Basljem

Svitkasta jagoda iz temno modrega pramenastega stekla
(sl. 13: 1). Jagoda je bila analizirana leta 2004. Sonda 1,
plast 2. Deb. 0,25 c¢m, pr. 0,68 cm. NMS, inv. §t. 2872.

16. Predtrg pri Radovljici

Svitkasta jagoda iz temno modrega pramenastega stekla.
Analiza PIXE-PIGE (A 98). Jagoda z ogrlice iz groba 6
(t. 6: 1/98). Deb. 0,5 cm, pr. 0,9 cm. NMS, inv. §t. 2037.

17. Lajh v Kranju

Kolobarjasta jagoda iz rumenega pramenastega stekla.
Analiza PIXE-PIGE (A 28). Jagoda v nizu iz groba 57 (t.
6: 2/28). Deb. 0,5 cm, pr. 0,8 cm. NMS, inv. §t. S 854.

18. Sredis¢e ob Dravi

Kroglasta jagoda iz srebrno belega pramenastega stekla.
Analiza PIXE-PIGE (A 177). Odrezana od ¢lenasto oblikovane
palcke. Na obeh straneh ostanka sedlastega dela med ¢leni.
Grob 71. Deb. 0,7 cm, pr. 0,75 cm. PM P-O, ter. §t. 93/471A.

19. Lajh v Kranju

Dvojna ¢lenasta jagoda iz zelenega pramenastega stekla.
Analiza PIXE-PIGE (A 33).Jagoda v nizu iz groba 57 (¢. 6:
2/33). Dol. 0,85 cm, pr. 0,6 cm. NMS, inv. §t. S 854.

20. Pristava na Bledu

Dvojna ¢lenasta jagoda iz temno modrega pramena-
stega stekla (A 63; t. 3: 25/63). Jagoda je bila nataknjena
na obsené¢ni obrocek (delno ohranjen) iz groba 65. Dol.
0,85 cm, pr. 0,7 cm. NMS, inv. §t. S 144.

21. Lajh v Kranju

Dvojna ¢lenasta jagoda iz temno modrega pramenastega
stekla. Analiza PIXE-PIGE (A 27).Jagoda iz groba 57 (¢. 6:
2/27). Dol. 0,9 cm, pr. 0,7 cm. NMS, inv. §t. S 854.

22. Smokuc

Dvojna ¢lenasta jagoda iz temno modrega pramenastega
stekla; na obeh koncih ravno odrezana (A 102;sl. 16: 4/102;
t. 4: 3/102). Jagoda z ogrlice iz groba 2. Dol. 0,9 cm, pr.
0,75 cm. NMS, inv. §t. S 5625/14,15.

23. Predtrg pri Radovljici

Dvojna ¢lenasta jagoda iz temno modrega pramenastega
stekla. Analiza PIXE-PIGE (A 97). Jagoda z ogrlice iz groba
6 (t. 6: 1/97). Dol. 1,1 cm, pr. 0,8 cm. NMS, inv. §t. 2037.

24. Pristava na Bledu

Dvojna ¢lenasta jagoda iz temno modrega pramenastega
stekla (¢. 3: 1/52; 5: 1/52). Analiza PIXE-PIGE (A 52). Ja-
goda z ogrlice iz groba 14. Dol. 1,4 cm, pr. 0,7 cm. NMS,
inv. §t. S 45.

25. Dolsko pri Ljubljani

Dvoja ¢lenasta jagoda iz pramenastega stekla srebrnkasto
bele barve. Analiza PIXE-PIGE (A 128). Jagoda iz dvojnega
groba 3, najdena pri lobanji otroka.?!! Dol. 0,65 cm, pr.
0,45 cm. ZVKDS, CPA, Ptuj, ter. §t. PN 21.

26. Dolsko pri Ljubljani

Dvojna ¢lenasta jagoda iz pramenastega stekla zlate
barve. Analiza PIXE-PIGE (A 130). Jagoda iz dvojnega
groba 3, najdena pri lobanji otroka.?!? Dol. 0,72 cm, pr.
0,55 cm. ZVKDS, CPA, Ptuj, ter. §t. PN 563.

27. Przanj v Ljubljani

Polovica dvojne ¢lenaste jagode, narejene iz dveh slo-
jev stekla, notranji je iz belega pramenastega, zunanji iz
zlato rumenega mehurckastega stekla. Analiza PIXE-PIGE
(A 24). Dol. 1,1 c¢m, vi$. 0,65 cm. Jama 3 (PN 279). NMS,
inv. §t. S 7180.

28. Na plesi v Murski Soboti

Tri¢lenasta jagoda iz turkiznega stekla na povrsini (plas¢)
in bele cevke v sredini. Cleni jagode so svitkaste oblike.
Analiza PIXE-PIGE (A 169). Dol. 1,43 cm, pr. 0,74 cm, pr.
cevke 0,4 cm, deb. cevke 0,2 cm. Grob 4. PM, ter. §t. PN 76.

29. Pristava na Bledu

Trojna ¢lenasta jagoda iz temno modrega pramenastega
stekla (¢. 3: 1/54; 5: 1/54). Analiza PIXE-PIGE (A 54).
Jagoda z ogrlice iz groba 14. Dol. 1,16 c¢m, pr. 0,6 cm.
NMS, inv. §t. S 45.

30. Predtrg pri Radovljici

Tri¢lenasta jagoda iz temno modrega pramenastega
stekla. Analiza PIXE-PIGE (A 96). Jagoda z ogrlice iz groba
6 (t. 6: 1/96). Dol. 1,3 cm, pr. 0,8 cm. NMS, inv. §t. 2037.

31. Pristava na Bledu

Trojna ¢lenasta jagoda iz rumenega pramenastega stekla
(t. 3: 1/53; 5: 1/53). Analiza PIXE-PIGE (A 53). Jagoda z
ogrlice iz groba 14. Dol. 1,25 c¢m, pr. 0,63 cm. NMS, inv.
§t. S 45.

32. Na plesi v Murski Soboti

Tri¢lenasta jagoda iz prozornega brezbarvnega stekla.
Cleni jagode so svitkaste oblike. Na eni strani je nastavek
za luknjico trombasto oblikovan. Analiza PIXE-PIGE
(A 167).Dol. 1,16 cm, pr. 0,5cm. Grob 4, PM, ter. §t. PN 67.

33. Zasip

Tri¢lenasta jagoda iz zlato rumenega stekla, narejena
iz dveh slojev stekla, notranji je iz belega pramenastega,
zunanji iz zlato rumenega mehurckastega stekla. Analiza
PIXE-PIGE (A 89). Dol. 1,4 cm, pr. 0,72 cm. Jagoda z
ogrlice iz groba 15. NMS, inv. §t. 2384.

34. Na plesi v Murski Soboti

Tric¢lenasta jagoda iz rumenkastega stekla na povrsini
(plag¢) in bele cevke v sredini. Cleni jagode so svitkaste
oblike. Okrogel prerez je rahlo deformiran, tako da je
nekoliko ovalen (deformacija je nastala med ohlajanjem
stekla). Analiza PIXE-PIGE (A 173). Dol. 1,63 cm, pr.

211 Klasinc 2008, 153, sl. 3 (druga z leve).
212 Klasinc 2008, 153, sl. 3 (prva z leve).
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0,89 cm, pr. cevke 0,65 cm, deb. cevke 0,25 cm. Grob 15.
PM, ter. $t. PN 175.

35. Pristava na Bledu

Stiri¢lenasta jagoda iz temno modrega pramenastega
stekla (¢. 4: 1/71; 5: 2/71). Analiza PIXE-PIGE (A 71). Cleni
so kolobarjaste oblike. Dol. 1,7 ¢cm, pr. 0,6 cm. Jagoda z
ogrlice iz groba 143. NMS, inv. §t. S 275.

36. Turnisce pri Ptuju

Stiri¢lenasta jagoda iz temno modrega pramenastega
stekla. Analiza PIXE-PIGE (A 135). Jagoda ogrlice iz groba
10 (t. 6: 3/135). Dol. 2,3 c¢m, pr. 0,8 cm.

37. Predtrg pri Radovljici

Stiri¢lenasta jagoda iz temno modrega pramenastega
stekla. Analiza PIXE-PIGE (A 95). Jagoda z ogrlice iz groba
6 (t. 6: 1/95). Dol. 2,2 cm, pr. 0,8 cm. NMS, inv. §t. 2037.

38. Na plesi v Murski Soboti

Stiri¢lenasta jagoda iz temno modrega stekla. Cleni jagode
so svitkaste oblike. Skoraj okrogel prerez je ohranjen le pri
zaCetnem c¢lenu na eni strani, pri drugih je prerez ovalen
(deformacija je nastala med ohlajanjem stekla). Analiza
PIXE-PIGE (A 172). Dol. 1,86 cm, pr. 1,1 cm (8ir. ovalnih
¢lenov 1,16 cm). Grob 15. PM, ter. §t. PN 174.

39. Pristava na Bledu

Stiri¢lenasta jagoda iz zlato rumenega stekla (£. 4: 1/72;
5:2/72). Analiza PIXE-PIGE (A 72). Narejena iz dveh slo-
jev, notranji je iz sivkastega pramenastega stekla, zunanji
iz prozornega stekla. Dol. 1,74 cm, pr. 0,8 cm. Jagoda z
ogrlice iz groba 143. NMS, inv. §t. S 275.

40. Ljubljana

Temno modra petc¢lenasta jagoda. Najdena na obmocju
rimske Emone, shranjena skupaj s mozai¢no jagodo (t. I:
3).213 Analiza PIXE-PIGE (A 1). Dol. 2,33 cm, pr. 0,9 cm.
NMS, inv. §t. R 10051.

41. Smoku¢

Pet¢lenasta srebrna jagoda (t. 5: 3/116). Analiza PIXE-
PIGE (A 116). Jagoda z ogrlice iz grob 60. Dol. 2,5 c¢m, pr.
0,75 cm. NMS, inv. §t. S 5609.

Tabla 2
Gradi$ce nad Basljem

Sonda 1, plast 2

1. Sod¢asta jagoda iz ¢rnega stekla. Okrasena je z belim
cikcakastim motivom. Dol. 2,7 cm, pr. 1,1 cm. NMS, inv.
§t. S 2861 (sl 12: 6).

2. Zelezna igla s kroglasto glavico iz prozornega zelen-
kastega stekla. Dol. 3,66 cm, pr. glavice 0,6 cm. NMS, inv.
§t. S 2766 (sl 12: 1).

3. Zelezna igla s kroglasto glavico iz temno modrega
stekla. Dol. 2,74 cm, pr. glavice 0,62 cm. NMS, inv. §t.
S 3009 (s 12: 2).

4. Zgornji del Zelezne igle s kroglasto glavico iz olivno
zelenega stekla. Dol. ohranjenega dela 0,81 cm, pr. glavice
0,55 cm. NMS, inv. §t. S 5263 (sl. 12: 3).

213 Knific 2008, 36, sl. 3: 4 (na sliki je pod jagodo
pomotoma zapisana $tevilka 2).

5. Zelezna igla s kroglasto glavico iz temno modrega
stekla. Dol. 2,95 cm, pr. glavice 0,45 cm. NMS, inv. §t.
S 6252 (A 42; sl. 12: 4).

6. Zgornji del zelezne igle s kroglasto glavico iz svetlo
modrega stekla. Dol. ohranjenega dela 1,8 cm, pr. glavice
0,6 cm. NMS, inv. §t. S 6264 (A 43; sl. 12: 5).

7. Bronast kroglast kragulj¢ek s plo§¢ato zanko. Robovi
reze in pas nad njo so okraseni z vrezi. Vi§. 2,62 cm, pr.
2,15 cm. NMS, inv. §t. S 2887.

8. Zelezna jermenska zaponka z objemko. Na okov iz
zapognjenega plocevinastega traku sta pritrjena pasni obro¢
v obliki ¢rke D in pravokotna objemka z gladko zgornjo
ploskvijo. Dol. 3,6 cm, $ir. 2,43 cm. NMS, inv. §t. S 2889.

9. Zelezen pravokotni pasni zaklju¢ek. Zgornja ploskev
je s plasti¢nim rebrom v obliki ¢rke Y razdeljena na tri
dele, na vsakem je dvignjen pravokotnik z zaobljenimi
vogali, okragen z vrezi. Okov je bil pritrjen na pas s tremi
kovicami, ki so na zgornji strani podlozene z bakrenim
trakom. Dol. 2,91 cm, §ir. 2,33 cm. NMS, inv. §t. S 2802.

10. Zelezno kresilo s spiralno zavitima koncema. Na
sredini je trikotno raz$irjeno. Dol. 8,8 cm, $ir. 3,7 cm.
NMS, inv. §t. S 2790.

11. Zelezen pravokotni pasni zaklju¢ek. Zgornja po-
vrsina je razclenjena s pre¢nimi gladkimi in narezanimi
rebri, povr$ine med njimi so zapolnjene z gostimi kratkimi
vzdolznimi rebri. Ohranjene so tri kovice za pritrditev na
pas. Dol. 3,2 cm, $ir. 2,15 cm. NMS, inv. §t. S 2791.

12. Zelezna pusci¢na ost z dolgima krilcema, tordiranim
vratom in tulom okroglega preseka. Tul je na spodnjem delu
poskodovan. Dol. 8,31 cm, $ir. 3,33 cm. NMS, inv. §t. S 2819.

16. Masiven usloc¢en Zelezen pasni okov. Na obeh straneh
visokega plasti¢nega rebra na sredini so po §tiri posrebrene
kovice. Glavice kovic so podlozene z bakrenim trakom. Cik-
cakast motiv na rebru in stiliziran motiv na obeh ploskvah
sta poudarjena z vloZzenim bakrom. Dol. 7,8 c¢m, $ir. 2,55
cm. NMS, inv. §t. S 2847. Okov je del iste pasne garniture
kot jermenski zaklju¢ek pod $tevilko 17 (inv. §t. S 2841).

20. Odlomek zgornjega dela posode z izvihanim, ravno
odrezanim ustjem. Rama posode je okraena z vrezano
veckratno valovnico in vodoravnim Zlebom pod njo. Lu-
knjicasta keramika je me$ana z nekaj peska, barva prehaja
od sive k svetlo rjavi. Vi$. ohranjenega dela 4,5 cm, rekon-
struiran pr. ustja 7,2 cm. NMS, inv. §t. S 5701 (sl. 17: 1).

21. Odlomek zgornjega dela posode z izvihanim ravno
odrezanim ustjem. Ostenje je okrageno z vrezano veckratno
valovnico. Luknji¢asta keramika je meS$ana z nekaj peska,
povrdina je svetlo rjava, barva sredice prehaja od svetlo
rjave prek svetlo sive k temno sivi. Vis. ohranjenega dela
4,9 cm, rekonstruiran pr. ustja 9 cm. NMS, inv. §t. S 5731
(sl. 17: 2).

22. Del ustja in ostenja posode z izvihanim ustjem. Oste-
nje je okraseno z dvema dvojnima vrezanima valovnicama.
Luknji¢asta keramika je me$ana z drobnim peskom, barva
prehaja od svetlo rjave k temno sivi. Vi§. ohranjenega dela
4,4 cm, pr. ustja 11,8 cm. NMS, inv. §t. S 5434 (sl. 17: 3).

Sonda 2, plast 2

13. Zelezen jermenski zakljucek polkroznega preseka.
Zgornja povrsina je raz¢lenjena s petimi pre¢no narezanimi
rebri. Na delu, kjer je bil okov pritrjen na pas, je ohranjena
kovica. Dol. 1,88 cm, §ir. 1,45 cm. NMS, inv. §t. S 2837.
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14. Zelezna pravokotna objemka. Razdirjena zgornja
ploskev je raz¢lenjena s petimi pre¢no narezanimi rebri.
Vis. 1,9 cm, $ir. 1,67 cm. NMS, inv. §t. S 2814.

15. Zelezen okov noZnice. Na osnovo iz zapognjenega
traku je pritrjen masivnej$i okov, okrasen z rebri in vrezi.
Kovice na spodnjem delu okova so podloZene s srebrnim
(?) trakom. Okov je nekoliko poskodovan. Dol. ohranjenega
dela 7,9 cm, $ir. 1,55 cm. NMS, inv. §t. S 2788.

17. Masiven zelezen pasni zakljucek. Stiliziran motiv
na okrasnem polju je poudarjen z vloZzenim bakrom. Stiri
kovice, s katerimi je bil okov pritrjen na pas, so posrebre-
ne. Glavice kovic so podlozene z bakrenim trakom. Dol.
3,87 cm, $ir. 2,5 cm. NMS, inv. §t. S 2841. Zakljucek je del
iste pasne garniture kot okov pod §t. 16 (inv. §t. S 2847).

18. Zelezen ovalen jermenski zaklju¢ek. Zgornja stran
je mrezasto narezana, ohranjena je kovica za pritrditev na
pas. Dol. 2,32 cm, §ir. 1,2 cm. NMS, inv. §t. S 2838.

19. Zelezna ostroga. StoZ&ast trn je okraden s $tirimi
drobno narezanimi rebri. Kraka polkroznega preseka sta
na polovici ob trnu in na zakljuckih okrasena s pre¢nimi
drobno narezanimi rebri. Na zaklju¢kih sta ohranjeni
kovici za pritrditev na jermenje. Dol. 12,5 c¢m, §ir. 9,9 cm.
NMS, inv. §t. S 2831.

Tabla 3
Pristava na Bledu

Grob 14

1. Ogrlica iz Sestih odlomkov steklenih posod, ene jagode
iz bronaste plocevine in 94 steklenih jagod (t. 5: 1).2!4 Ra-
znobarvne jagode so zelo razli¢nih oblik in velikosti, med
njimi je tudi sedem ve¢jih jagod iz svetlo zelenega mehur¢-
kastega stekla ter sedem ¢lenastih temno modrih jagod iz
pramenastega stekla. Analiza PIXE-PIGE je pokazala, da
so izbrane jagode iz natronskega (A 49-51,55-59) in halo-
fitskega stekla (A 52-54; t. 1: 24,29,31). NMS, inv. §t. S 45.

2. Uhan iz bronaste Zice, spenja se z zanko in kavelj¢kom.
V Sestih zankah na spodnjem delu so vdete veriZice, na
koncih dveh sta ohranjeni svetlo zelenkasti stekleni jagodi.
Vis. 6,4 cm, pr. loka 2,9 cm. NMS, inv. §t. S 40.

3. Uhan iz bronaste Zice, spenja se z zanko in kavelj¢kom.
Lok je bil v ¢asu uporabe popravljen. Na spodnjem delu
je Sest zank, v petih so ohranjeni deli bronastih verizic.
Vi$. 5 cm, $ir. 2,55 cm. NMS, inv §t. S 41.

4. Uhan iz bronaste Zice, spenja se z zanko in kavelj¢ckom.
Spodnji del loka je ovit s tenko bronasto Zico, ki je na $estih
mestih oblikovana v zanke, v katerih je delno ohranjenih
pet verizic. Vi$. 5,4 cm, pr. loka 2,45 cm. NMS, inv. §t. S 44.

5. Tri steklene jagode in deli verizic uhana. Ve¢ja jagoda
je iz brezbarvnega stekla, manjsi sta temno modri. Dol. naj-
daljSega ohranjenega dela veriZice 2,87 cm. NMS, inv. §t. S 43.

6. Uhan s tremi zankami, izdelan iz bronaste Zice. V
srednji zanki je ohranjen obesek s temno modro jagodo
na koncu. Vis. 3,1 cm, pr. loka 1,8 cm. NMS, inv. §t. S 42
(sl. 15: 5). Analiza PIXE-PIGE (A 48).

7. Uhan iz bronaste Zice, na lok je nataknjena modra
steklena jagoda. Vi$. 1,95 cm. NMS, inv. §t. S 38.

214 Kastelic, Skerlj 1950, 35, sl. 17.

8. Uhan iz bronaste Zice, z zanko in kavelj¢kom. Vis.
3.02 cm. NMS, inv. §t. S 37.

9. Uhan iz bronaste Zice, spet z zanko in kavelj¢kom.
Spodnji del loka je ovit z drobno bronasto zicko. Vis.
2,23 cm. NMS, inv. §t. S 39.

10. Okrogla bronasta okrasna zaponka z Zeleznim jedrom.
Okrogla izboklina na sredini je obrobljena z dvojnim zrnatim
nizom in pasovoma z odtisnjenim pleteninastim okrasom,
ki sta prav tako obrobljena z zrnatimi nizi. Mehanizem za
zapenjanje manjka. Pr. 4,2 cm. NMS, inv. §t. S 48.

11. Trakast prstan iz bronaste plocevine. Pr. 1,6 cm, §ir.
traku 0,4 cm. NMS, inv. §t. S 50.

12. Prstan iz bronaste plocevine, spet s kovico. Trak je
ob robu okragen s pasom drobnih cikcakastih vrezov, na
raz§iritvi na zgornji strani taksni vrezi tvorijo Andrejev
kriz. Pr. 2,14 cm, $ir. do 1,32 cm. NMS, inv. §t. S 49.

13. Zelezen obrocek kvadratnega preseka. Pr. 4,08 cm.
NMS, inv. §t. S 47.

14. Zanka zeleznega predmeta (?). Vis. 3,2 cm. NMS,
inv. §t. S 46.

15. Zelezen noz z ravnim hrbtom rezila. Zaklju¢ek trna
za rocaj in konica rezila sta nekoliko poskodovana. Dol.
ohranjenega dela 8,7 cm, $ir. rezila do 1,07 cm. NMS,
inv. §t. S 36.

Grob 65

16. Uhan iz bronaste Zice, s kavelj¢kom in zanko. Na
treh zankah na spodnjem delu loka visijo deli bronastih
verizic. Ohranjena je jagoda iz svetlega zelenkastega ste-
kla. Vi§. ohranjenega dela 7,3 cm, pr. loka 3,5 cm. NMS,
inv. §t. S 136.

17. Uhan iz bronaste Zice, s kaveljckom in zanko. V treh
zankah na spodnjem delu loka so ohranjeni deli bronastih
verizic, na koncu ene visi jagoda iz svetlega zelenkastega
stekla. Vis. ohranjenega dela 7,4 cm, pr. loka 3,5 cm. NMS,
inv. §t. S 142 (A 62).

18. Obsencni obrocek iz bronaste Zice, zapenja se s
kaveljckom in zanko. Pr. 3,5 cm. NMS, inv. §t. S 139.

19. Obsen¢ni obrocek iz bronaste Zice, zapenja se s
kaveljckom in zanko. Pr. 3,6 cm. NMS, inv. §t. S 145.

20. Obsen¢ni obrocek iz bronaste Zice z zanko, kaveljéek
je nekoliko poskodovan. Pr. 2,9 cm. NMS, inv. §t. S 137.

21. Obsen¢ni obrocek iz bronaste Zice z zanko in ka-
velj¢kom. Na lok je nataknjena drobna modra steklena
jagoda. Pr. 2,6 cm. NMS, inv. §t. S 138.

22. Obsen¢ni obrodek iz bronaste Zice z esasto zanko.
Kavelj¢ek je odlomljen. Pr. 2,7 cm. NMS, inv. §t. S 140.

23. Obsenc¢ni obrocek iz bronaste Zice, z zanko. Kavelj¢ek
je nekoliko poskodovan. Pr. 2,7 cm. NMS, inv. §t. S 143.

24. Odlomek obsen¢nega obrocka iz bronaste Zice, s ka-
velj¢ckom. Dol. ohranjenega dela 2,6 cm. NMS, inv. §t. S 141.

25. Del obsen¢nega obrocka iz bronaste zice. Na loku
je temno modra dvoclenasta steklena jagoda. Dol. ohra-
njenega dela loka 1,75 cm, dol. jagode 0,95 cm. NMS, inv.
§t. S 144 (A 63).

26. Trakast prstan iz bronaste plocevine, konca sta
speta s kovico. Okra$en je z vzdolZnima pre¢no nare-
zanima zlebi¢ema. Pr. 2,1 cm, S$ir. traku 0,41 cm. NMS,
inv. §t. S 146.
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Tabla 4
Pristava na Bledu

Grob 143

1. Ogrlica iz kapljaste modre steklene jagode, ene temno
modre in ene zlate §tiri¢lenaste jagode, treh odlomkov
steklenih posod in Zeleznega obrocka. Dol. temno modre
stiriclenaste jagode 1,7 cm. NMS, inv. §t. S 275 (¢. I: 8,35,39;
5:2). Analiza PIXE-PIGE (A 70-73).

2. Zelezen noz z ravnim hrbtom rezila in Sirokim trnom
za nasaditev. Dol. 9,7 cm, §ir. rezila do 1,2 cm. NMS, inv.
§t. S 276.

Smokuc¢

Grob 2

3. Ogrlica iz 54 steklenih jagod (35 modrih, 9 prosojnih
brezbarvnih, 8 rumenih, ene zelene in ene zelenkaste z
rumenim cikcakom) in odlomka steklene posode. Dol.
svetlo modre tri¢lenaste jagode 2 cm, dol. niza 31 cm. NMS,
inv. §t. S 5625 (sl. 16). Analiza PIXE-PIGE (A 99-106).

4. Uhan iz bronaste Zice, kaveljé¢ek in zanka sta posko-
dovana. Ohranjena je polovica bronaste dvojno stozcaste
jagode, ki je visela na loku. Okragena je s kolobarji zrnatih
nizov zgoraj, spodaj in na najve¢jem obodu. Vis. 4,02 cm,
pr. jagode do 0,76 cm. NMS, inv. §t. S 5627.

5. Uhan iz bronaste Zice, spet s kavelj¢ckom in zanko.
Zanka je nekoliko poskodovana. Na lok je nataknjen dro-
ben narebren obrocek. Pr. 1,7 cm. NMS, inv. §t. S 5626.

Zale pri Srednji vasi v Bohinju

Grob 18

6. Ogrlica iz osmih modrih, petih zelenih in dveh rumenih
steklenih jagod ter odlomka steklene posode (t. 5: 4). Dol.
niza 15 cm, dol. temno modre tri¢lenaste jagode 1,44 cm.
NMS, inv. §t. S 2103. Analiza PIXE-PIGE (A 121-124).

7. Bronasta pravokotna okrasna zaponka z zeleznim
jedrom. Odtisnjeni okras je le delno ohranjen, razpozna-
ven je trojni zrnati niz ob robu zaponke. Vel. 3,6 x 3 cm.
NMS, inv. §t. S 2102.

8. Obsenc¢ni obrocek iz bronaste Zice, zapenjal se je
z zanko in kaveljckom. Pr. 4,3 cm. NMS, inv. §t. S 2100.

9. Obsenc¢ni obrocek iz bronaste Zice, zapenja se z zanko
in kavelj¢kom. Pr. 4,18 cm. NMS, inv. §t. S 2101.

Brdo na Bledu

10. Uhan iz bronaste Zice, z zanko in kavelj¢ckom za
zapenjanje. Na loku visi ko§¢ek bronaste Zice, veckrat zavit
okrog svoje osi. Vis. 4,4 cm. NMS, inv. §t. s 2118.

11. Uhan iz bronaste Zice, s kavelj¢kom in zanko. Spodnji
del loka je uvit v zanko, na katero so nataknjeni kroglasta
prosojno rumena steklena jagoda in odlomka uvitih zick
pod njo. Vis. 4,93 cm. NMS, inv. §t. S 2122.

12. Uhan iz bronaste Zice, s kavelj¢kom in zanko. Spod-
nji del loka je oblikovan v zanko, na katero je nataknjena

dvojnostozéasta plocevinasta jagoda. Vis. 4,4 cm. NMS,
inv. §t. S 2148.

13. Uhan iz bronaste Zice, s kavelj¢kom in zanko. Spod-
nji del loka je oblikovan v zanko, na katero je nataknjena
dvojnostozcasta plocevinasta jagoda. Vis. 4,6 cm. NMHW,
inv. §t. 87561.

14. Uhan iz bronaste Zice, s kavelj¢kom in zanko. Spodnji
del loka je zavit v §tiri zanke, v dveh sta ohranjena ostanka
verizic. Vis. 3,7 cm. NHMW, inv. §t. 87562.

15. Bronasta okrogla okrasna zaponka z Zeleznim je-
drom. Odtisnjeni motiv kentavra-lokostrelca, ki zapolnjuje
povrsino zaponke, je obrobljen z zrnatim nizom. Pr. 4,1 cm.
NMS, inv. §t. S 2138.

16. Bronasta pravokotna okrasna zaponka z Zeleznim
jedrom, stranice zaponke so uslo¢ene. Okrogel okrasni
kamen iz temno modrega stekla (A 75) na sredini je ob-
robljen z bisernim nizom. Odtisnjeni motiv §tirilistnega
kriza, po dva krozca s piko na sredini v vsakem vogalu,
diagonalne ¢rte, ki povezujejo vogale s sredi$¢em in rob
zaponke, prav tako dajejo vtis bisernega niza. Vel. 5,2 x
4,7 cm. NMS, inv. §t. S 2139 (sl . 15: 8).

17. Trakast prstan iz bronaste plocevine, spet s kovico.
Okrasen je z vrezanimi po$evnimi ¢rtami in kroZci s piko na
sredini. Pr. 2,3 cm, §ir. traku 0,5 cm. NMS, inv. §t. S 2146.

18. Trakast prstan iz bronaste plo¢evine. Rombi¢no
raz$irjeni del je okra$en z devetimi vrezanimi krozci s piko
na sredini, povezanimi z dvojnimi ¢rtami. Pr. 21,6 cm, $ir.
do 1,5 cm. NMS, inv. §t. S 2145.

19. Zelezen kljuc s plo$éato zankasto glavo, votlim
steblom in neraz¢lenjeno pravokotno brado. Dol. 8,3 cm.
NMS, inv. §t. S 2142.

20. Lonec z izvihanim ustjem in ravnim dnom. Okrasen
je z nepravilno vrezanima valovnicama pod ustjem in na
najve¢jem obodu posode. Keramika je me$ana s peskom,
barva prehaja od svetlo rjave k temno sivi. Vi$. 12,4 cm,
pr. ustja 12,4 cm. NMS, inv. §t. S 3001 (sl 17: 8).

Tabla 5

Nizi steklenih jagod

1. Pristava na Bledu, grob 14.

Opis v Katalogu predmetov (t. 3: 1).

2. Pristava na Bledu, grob 143.

Opis v Katalogu predmetov (t. 4: 1).

3. Smokuc, grob 60.

Ogrlica iz 38 steklenih jagod, ve¢inoma iz pramenastega
stekla. Barvno prevladujejo svetlejsa jagode, veliko je ¢le-
nastih, dve sta dvojni, $est je trojnih, ena $tiri¢lenasta in
dve celo petclenasti. Med njimi je tudi ostanek mozai¢ne
jagode, ohranjen je le del s progastim vzorcem (verjetno
MAP 1). Analiza PIXE-PIGE je pokazala, da so izbrane
jagode iz natronskega (A 112-114) in halofitskega stekla
(A 111,115-118; t. 1: 11,41).

4. Zale pri Srednji vasi v Bohinju, grob 18.

Opis v Katalogu predmetov (t. 4: 6).

5. Brdo na Bledu.

Niz 54 steklenih enojnih in ¢lenastih jagod (A 79-87; t.
1: 7). Najve¢ je temno modrih, ve¢inoma iz pramenastega
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stekla. Med 43 enojnimi jagodami, v glavnem svitkaste
oblike, je ena z belo-modrimi olesci, najvecje tri, podolgo-
vate, so iz mehurckastega stekla. Valjasta mozai¢na jagoda
s progastim vzorcem je tipska razli¢ica MAP 0062 (A 82;
t. 1: 7/82). Clenastih jagod je 11, ve¢ina je temno modrih,
iz pramenastega stekla, sedem je dvojnih, §tiri so trojne;
dvojna zelena jagoda in trojna oranzna jagoda sta iz me-
hurckastega stekla. Analiza PIXE-PIGE je pokazala, da so
izbrane jagode iz natronskega (A 79,80,83,84) in halofitskega
stekla (A 81,82,85-87). Jagode so zdaj v enem nizu, ¢eprav
so jih nagli vsaj v dveh grobovih na juznem robu grobi¢a.?!
Ob jagodah je ohranjenih tudi $est ¢repinjic, odlomljenih
z votlih robov steklenih posod in zaradi vzdolznih luknjic
primernih za nizanje na vrvico. NMS, inv. §t. S 2151.

Tabla 6

Nizi steklenih jagod

1. Predtrg pri Radovljici, grob 6.

Ogrlica iz 79 steklenih jagod in spirale iz bronaste Zice.?!
Vecina jagod je temno modrih, enojnih, pogoste so tudi
¢lenaste, od dvojnih do $tiri¢lenih (t. I: 16,23,30,37). Med
svetlej$imi so bele in rumene enojne in dvojne jagode. Edina
mozai¢na jagoda z ocesci je tipska razli¢ica MAP 1272 (A 94;
t. 1: 5).2'7 Mozai¢na in prevladujoce temno modre prame-
naste jagode so znacilne za prvotni sestav ogrlice, v katerem
so lahko bili tudi svetlejsi primerki. Analiza PIXE-PIGE je
pokazala, da so vse izbrane jagode te vrste iz halofitskega
stekla (t. 6: 1/92,94-98). Med analiziranimi primerki je iz
natronskega stekla le zelena cevkasta jagoda (A 93), ki se
od drugih lo¢i po barvi in obliki. Ta bi bila lahko skupaj s
bronasto spiralo dodana prvotnemu nizu jagod.

2. Lajh v Kranju, grob 57.

Niz 81 steklenih jagod in ene kroglaste kamnite jagode
(t. 6: 2). Vecina jagod je temno modrih, 65 enojnih, $tiri

6

215 Miillner 1894, 14.

216 pleterski 1990, 486, sl. 8, 9; Knific, Nabergoj 2016,
68, sl. 79.

217 Andrae 1973, 174, §t. 116.

dvojno ¢lenaste, sedem enojnih jagod je rumenih, ena je
dvojna zelena (¢. I: 17,19,21). Edina mozai¢na jagoda z
ocesci je opredeljena kot tipska razli¢ica MAP 0772 (A 32;
t. 1: 6). Analiza PIXE-PIGE je pokazala, da so izbrane
jagode te vrste iz halofitskega stekla (A 26-29,32,33).
Mozai¢na in prevladujoce temno modre in rumene jagode
iz pramenastega stekla so znadilne za prvotni sestav niza.
Dve modri jagodi, bikoni¢na in cevkasta, sta iz natron-
skega, mehurckastega stekla (A 30,31). Verjetno sta bili
skupaj s kamnito in modro-belo progasto jagodo dodani
prvotnemu nizu. NMS, inv. §t. S 854.218

3. Turnisée pri Ptuju, grob 10.

Ogrlica iz 46 steklenih jagod iz pramenastega stekla.
Razen $tiriclenste temno modre jagode (t. I: 36) so vse
druge enojne, ve¢inoma svitkaste ali kolobarjaste oblike.
Med enojnimi jagodami (pr. do 0,7 cm) je 24 temno modrih,
19 rumenih ter po ena siva in rde¢a.?!® Analiza PIXE-PIGE
je pokazala, da so izbrane jagode iz halofitskega stekla
(A 135-137; t. 1: 36). PM P-O, inv. §t. S 1272.

4. Turnisée pri Ptuju, grob 14.

Niz 61 jagod ve¢inoma iz pramenastega stekla. Tri
jagode so dvojno c¢lenaste, druge so enojne, predvsem
svitkaste ali kolobarjaste oblike. Med enojnimi jagodami
(pr. do 0,7 cm) je 41 temno modrih, 8 rumenih ter nekaj
svetlo modrih (ena s pr. 1,0 cm), belih in srebrnkastih.??
Analiza PIXE-PIGE je pokazala, da so izbrane jagode iz
halofitskega stekla (A 138-140). PM P-O, inv. §t. S 1277.

5. Ptujski grad na Ptuju, grob 367.

Niz 51 jagod iz ve¢inoma pramenastega stekla in enega
odlomka steklene posode.??! Dve modri jagodi sta trojno
¢lenasti, ena je $tiri¢lenasta, tri so dvojne. Druge so enoj-
ne, predvsem svitkaste ali kolobarjaste oblike. Povr§ina
nekaterih jagod je prekrita s belkastim korozijskim slo-
jem. Vecina jagod je modrih, nekaj belih, ena je rumena.
Analiza PIXE-PIGE je pokazala, da so izbrane jagode iz
halofitskega stekla (A 141-144). PM P-O, inv. §t. S 562.

218 Lajh v Kranju ni povsem zanesljivo najdi$ce jagod
(gl. H 10).

219 Korosec, Korosec 1953, 202-203, sl. 23.

220 Korosec, Korosec 1953, 204, sl. 25. V opisu ogrlice
je na$tetih 63 jagod, med njimi tudi zdaj pogresana
tr¢lenasta jagoda.

221 Korosec 1999, 26-27, 51, t. 37: 13.
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Priloga A: Podatki o steklu z zgodnjesrednjeveskih najdis¢ v Sloveniji, pridobljeni z meritvami po kombinirani metodi
PIXE-PIGE v letih 2009-2016.

V prvem stolpcu razpredelnice (A = vzorec) so vpisane zaporedne Stevilke vzorcev (1-179), s katerimi so predmeti na-
vedeni v besedilu. Na slikah in tablah v ¢lanku so $tevilke pri predmetih iz natronskega stekla rdece barve, pri predmetih
iz halofitskega stekla pa modre. V stolpcu MgO priloge A so sivo obarvana polja, kjer je odstotek magnezija 1,6 % in
ve¢, kar je znadilnost halofitskega stekla. S ¢rtico (—) so oznacdene vrednosti pod detekcijsko mejo.

A II;:,"I\SIZ Naéiljce Na,0 |MgO |ALO, |SiO, |P,0,|SO, | Cl |K,0 |CaO |TiO, |Cr,0,|MnO |Fe,0, |CoO
1 R10051 | Ljubljana |13,3 [464 [168 |67 | - [089 |091 |292 701 [012 [0004 |021 [096 |0,069
2 R 10051 ” 132 546 (149 565 | - |4 |1 [276 [578 |og4 | - [028 |06 [0014
3 § ” 139 (463 (181 |52 | - 677 [103 [261 [56 |013 [0,007 [045 |069 | -
4 § ” 137 471|212 |e08 | - 257 [09 [278 |7 014 001 [073 [144 [0019
5 5 ” 15 |527 |198 |601 | - [133 |082 322 [684 |015 |00l [062 [099 0,009
6 8 ” 13 43 [166 635 | - (139 [09 [347 [733 o015 | - [122 064 [0,004
7 PN 121 | BelaCerkev |122 [396 [353 [616 | - [224 073 |287 [543 [026 [0006 |011 [172 [0,02
8 § ” 118 428 (314 588 | - 452 [077 [265 [547 |o04 | - [028 [152 [0006
9 § ” 142 481 (308 |601 | - |156 [082 [32 [679 |024 [0006 [051 |149 0,038
10 ” ” 13 [416 (378 635 | - 101 [087 [335 [639 |029 0,007 [059 [172 [0027
11 $ 7069 Prianj |166 071 |276 693 | - [020 |083 [041 |567 |037 0,008 |176 |121 -
12 $7001 ” 109 [365 (128 |644 | - |192 [067 [307 [655 |01l [0009 [014 |075 0,032
13 X ” 144 541 [184 |526 | - |522 [081 [249 [515 |012 | - [036 |058 0013
14 X ” 118 [39 (157 |66 | - |252 (08 [31 [747 012 [001 [074 |115 [0,013
15 § ” 134 423 (183 |65 | - 092 [069 [293 [55 005 [0007 [045 |058 0,045
16 § ” 113 383 (1,37 |706 | - |094 [073 [3,08 [546 [008 [001 [019 |084 0,131
17 ” ” 115 355 (14  |642 | - [121 [075 [3,14 [69 004 | - [061 069 [0006
18 $ 7002 ” 127 423 |145 |676 | - |101 [068 304 [548 |01l |0006 |005 |0,62 0013
19 8 ” 11,8 431 [206 [595 | - [385 |082 [294 [537 [018 |0007 [046 [093 | -
20 § ” 121 [38 (204 |65 | - |11 [076 [294 [809 014 [0007 [077 |177 [0,022
21 § ” 125 (439 [156 659 | - 104 [08 [314 [656 |008 | - [059 [065 [0014
2 § ” 125 393 (1,69 |663 | - 093 [08 [34 [679 |013 | - [03 098 [0085
23 $7179 ” 167 060 [329 650 | - 027 [070 [092 [670 0,15 [0004 [076 |422 | -
24 57180 ” 150 355 (314 657 | - 019 [078 [2,12 [763 |016 [0010 [071 |08 | -
25 i § 136 322 (302 |67.0 | - 027 [069 [229 [784 015 |oo01l [105 |075 | -
26 $ 854 K“‘;‘: ;;a’h 143 [561 (172|526 | - |LI3 |07 |26 |19 |0454 | - |056 |073 |0,06
27 § ” 147 617 |16  |663 | - 077 [064 [261 [519 |0076 | - [052 [077 [0056
28 § ” 138 (499 (133 657 | - 078 [079 [266 [432 |0119 | - [075 |039 | -
29 § ” 16 438 (1,55 |61 | - 063 [077 [358 [477 o115 | - [136 |057 | -
30 § ” 175 (1,02 [204 |691 | - |091 [1,06 [089 [58 [0076 | - [004 |056 0,021
31 § ” 179 |11 [232 |e65 | - 089 [1,09 [127 [641 0013 | - [022 [113 [0044
32 > § 155 39 193 |608 | - 069 [086 [324 [604 |0118 | - [004 |143 0298
33 8 ” 158 471 [191 638 | - 1079 [074 [282 [637 |0119 0004 [033 |056 | -
34 $929 gr8s  [148 |121 [202 [689 | - [227 091 |152 |630 [0184 | - [017 [115 0,024
35 § ” 138 [074 [174 700 | - 094 [093 [158 [903 |0066 | - [022 |036 | -
36 51324 gr229 171 [138 [251 |e27 | - 122 [1,03 [106 [932 0169 | - [117 |144 [0,182
37 § ” 156 [151 [363 |657 | - |116 [12 [106 [602 |0,589 |0006 [009 |174 | -
38 § ” 177 147 [266 |642 | - 107 [089 [088 [821 015 | - [176 091 -
Kranj -
39 SNO1 | Zupnacerkev [160 | - 3,12 |706 | - |012 |056 |1,19 |699 (009 | - |038 |071 -
1953_20296
40 SN 02 ” 143 [081 [290 [728 | - 017 [071 [124 [559 0090 | - [003 |L11 0,059
41 $6240 Baseli = 1171 096 287 |67 | - los1 |08 087 618 (0121 | - |047 |105 0137
Gradisce
2 56252 ” 158 035 [35 655 | - |094 [063 [183 [793 0349 | - [041 |257 0,069
43 S 6264 ” 15 |09 [408 691 | - 083 [068 [1,87 [507 |0137 | - [011 |094 0,009
" 56271 ” 151 [308 |2 685 | - 065 [08 [359 [529 o151 | - [003 [071 [0026
45 56273 § 134 [547 |178 |668 | - |07 069 |32 [543 [0,134 |0007 [087 [1,02 0,086
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Appendix A: Data regarding glass from early medieval sites in Slovenia, acquired with measurements from the combined
PIXE-PIGE method in 2009-2016.

The first column of the spreadsheet (A = sample) contains consecutive numbers of samples (1-179) as cited in the
paper. In images and tables, the red numbers indicate natron glass and the blue numbers plant-ash (halophytic) glass.
In the MgO column of Appendix A, grey fields indicate that the percentage of magnesium is 1.6% or higher, which is
characteristic of plant-ash glass. Dash (-) denotes quantities below LOD.

A |NiO |CuO |ZnO |As,0,| Br | Rb,0 [SfO |ZrO, | Pd | Ag | Cd |SnO, |Sb,0, | BaO | Au |PbO
1 0,003 0,08 |0,21 - 0,0010 | 0,0030 | 0,0520 - - - - - - - - 0,05
2 0,003 1,83 | 0,06 0,015 |0,0050 - 0,0530 - - - - 1,18 - - - 5,76
3 0,004 0,3 0,02 0,017 |0,0090 - 0,0520 - - - - 1,59 - - - 8,55
4 0,003 [095 [004 |o0012 00050 | - |00630 | - - - - o | - | -] - |ue7
5 0,004 [046 [003 [0005| - - oo700 | - - -l -l | - [ -] - loss
6 - logt 005 |0005| - - o030 | - - - -y | - | - - oz
7 0,003 1,3 0,04 0,017 - - 0,0440 - - - - 0,79 - - - 3,1
8 0,003 0,91 |0,03 0,011 |0,0030 - 0,0310 - - - - 1,11 - - - 4,57
9 0,004 0,05 |0,04 - - - 0,0310 - - - - 2,73 - - - 0,42
10 - 0,06 |0,15 - 0,0020 - 0,0280 - - - - 0,93 - - - 0,16
11 0,0009 | 0,006 [0,002 | - - - Jooasas (00200 - | - | - | - | - | - | - [oo004
12 0,005 [438 [014 [o0018] - - o050 - - - - oz | - [ -] - [u3s
13 0,004 [055 [002 | 002500070 | - |00460 | - - - - us [ - - - |85
14 0,003 0,59 |0,02 0,016 - - 0,0520 - - - - 1,25 - - - 3,11
15 0,001 0,06 |0,11 0,004 - - 0,0450 - - - - 3,72 - - - 0,35
16 0,001 0,1 0,51 - - - 0,0440 - - - - 0,68 - - - 0,1
17 0,001 0,34 |0,04 - - - 0,0500 - - - - 5,03 - - - 0,48
18 0,005 [233 [003 [o0017] - - |oo0640 | - - - - Jozs | - [ -] - |o33
19 0,003 [011 [001 | 0021 [00060 | - [00450 | - - -] - s | -] -] - Jes
20 0,003 [1,05 [0,03 | 0005 |- - Joos20 | - - | -] - Joos | - | - | - Joz8
21 0,003 |0,14 |0,02 0,005 |0,0020 - 0,0530 - - - - 2,45 - - - 0,21
22 - 0,16 |0,37 0,001 - - 0,0590 - - - - 1,55 - - - 0,12
23 0,0005 | 0,026 | 0,003 - - - 0,0485 - - - - - 0,05 - - 0,09
24 0,0034 0,024 [0,006 | - - - Jooeso 00168 - | - | - | - | - | - | - Jom
25 0,0020 | 0,006 [0,003 | - - - 00509 00085 | - | - | - | - | - | = | - [oo03
26 0,005 |0,09 |02 ~ 10,0006 | 0,0018 |0,0575 |0,0104 | - | - | - |0021 | - | - | - |0066
27 0,004 |0,06 |0,32 - 0,0006 | 0,0014 | 0,0655 | 0,015 - - - 0,015 - - - 0,034
28 0,002 0,01 |0,01 - 0,0081 - 0,049 | 0,0059 - - - 0,56 - - - 3,81
29 0,002 0,01 |0,01 - 0,0173 - 0,0577 - - - - 1,22 - - - 8,26
30 0,002 |01 [001 | 001 [0,0007 | 00007 [00462 [00053 | - | - | - | - o7 | - | - o007
31 0,002 [017 [o01 | - o001 - Joosss joo0s6 | - | - | - | - Jos2| - | - |05
32 0008 [025 [1,13 | - Jooo12 | - 00535 00157 | - | - | - | - [377] - | - |00
33 0008 [2  [o01 0006 00012 - J00549 [00161 | - | - | - | - | - | - | - 006
34 0,005 |0,11 |0,01 - 0,0034 | 0,0021 | 0,061 |0,0106 - - - 0,03 - - - 0,27
35 0,002 0,01 |0,01 - 0,0017 | 0,0021 | 0,051 |0,0046 - - - - 0,57 - - 0,02
36 0,017 0,12 |- - 0,0016 - 0,0721 | 0,0093 - - - - - - - 0,54
37 0006 [122 012 | - [oo0015 | - Jo0486 (00272 | - | - | - Jooe8 | - | - | - o023
38 0,002 [001 |- - 00017 | - [00895 [00104 | - | - | - [0015]0041 | — |0005]0014
39 - 10069 0006 | - - - 10033 - - Jow | - | - 005 | - | - |002
40 - 0,13 | 0,020 - 0,0006 - 0,033 | 0,008 - 0,013 - - - - - 0,04
41 0,006 0,19 |0,01 - 0,0009 | 0,0012 | 0,0396 |0,0086 - - - - 1,19 - - 0,23
02 0,004 [008 [002 | - [00017 | 0,005 [00414 [00082 | - | - | - | - Jo03| - | - |o047
43 0,002 [001 [002 [ 0022 |- 0,0076 0,058 00098 | - | - | - | - 106 | - | - |0082
44 0,004 [006 [006 | - [00012 | 00017 [00425 [00106 | - | - | - | - | - | - | - o007
45 0008 [o11 [031 | - [o0004 | 00011 00362 [00131 | - | - | - | - | - | - | - o032
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A IE:IVI\S;O Naé‘iitfce Na,0 | MgO |ALO, |SiO, | P,0,[SO, | Cl |K,0 |CaO |TiO, |Cr,0, MnO |Fe,0, |CoO
46 S4672 Bled= 175 lo4s [314 |es2 | - |o73 109 |L01 702 |0074 | - |018 |036 -
Pristava
47 528 g9 147 030 [1,35 [e68 | - [126 [1,38 [1,03 106 |0066 | - [130 [076 [0084
48 42 grl4  |144 |245 246 |653 | - |161 |1,00 [231 [827 |0,120 |0005 [022 [1,63 0,030
49 $45 3 166 (051 |208 [730 | - 071 |085 [080 [430 [0054 | - [002 [072 0,024
50 : 3 165 1073 |206 [697 | - 096 |096 |1,04 [542 [0094 | - [063 [117 0,13
51 : 3 159 1099 |278 [674 | - 095 081 [151 [666 |0217 | - [083 [130 -
52 3 3 143 (448 [240 [646 | - [079 [079 [301 [729 o120 | - o066 [093 0,10
53 3 3 100 308 [160 [623 | - [ - Jo90 |282 [648 o118 | - o060 [073 -
54 8 . 146 [511 [242 |648 | - 090 |073 [271 [659 |0,121 |0006 [0,66 |085 0,12
55 5 5 169 1036 |1,68 [702 | - [1,07 |1,14 065 |674 |0091 | - [067 |054 -
56 : : 166 |1,19 |259 |676 | - 085 |1,01 082 [528 |0487 |0,004 [0,08 |141 -
57 : 3 150 026 |234 [727 | - (090 |1,12 [099 [614 [0072 | - [002 [031 -
58 : 3 165 1058 |204 |672 | - (089 [1,10 [131 [667 [0150 | - [094 [146 0,19
59 3 3 193 [1,00 [261 [640 | - [1,13 [1,12 [089 [630 0205 | - o012 [L15 -
60 569 er22 183 |1,09 [253 657 | - [121 1,02 [1,3 [709 [o0153 | - [o63 o071 -
61 $72 8 100|051 |1,17  |685 | - 1,9 |14l |124 [124 0327 |o71 |-  [132 -
62 S 142 gr65 162 |085 |18 |697 | - |257 |095 073 [613 [0100 | - [005 |057 -
63 S 144 : 158 [547 217 [623 | - [119 076 328 [667 |0154 | - [053 [093 0,079
64 $222 gr112  |204 [082 [204 |62 | - [097 [09 |1,06 [701 |0104 [ - [015 [173 -
65 : 169 |078 |304 [588 | - [39 |141 [114 [848 [0235 | - [415 [L12 -
66 $259 gr 141 179 [1,33 [202 650 | - |1,09 [087 [1,13 |744 [0136 | - [159 [1,03 -
67 3 3 148 083 (202 [704 | - 073 [075 [147 [706 |0065 | - |031 [091 [0056
68 $ 265 gr142  |174 118 [242 653 | - [094 [096 |11 |697 |0244 | - [038 [229 [030
69 $ 268 3 158 047 232 [689 | - 1,08 |093 [143 [732 |01 - loss o067 -
70 $275 gr143  |175 o074 [272 |e72 | - [129 [1,05 [1,37 [694 [0145 | - [002 |071 -
71 : 3 143 62 |21 [657 | - [086 |066 276 [54 | 0,09 - lo6l |088 [0074
72 : 3 15 |464 [198 [653 | - [09 082 [3 [666 |0,192 0009 [035 [107 0,008
73 3 3 15 481 1227 [659 | - 083 [079 276 [687 |0091 | - [005 [058 [0017
74 5291 er 159 [11,2 [o84 |140 [704 | - 083 [146 [127 |679 [0917 [0014 [232 [222 -
75 $2121 | Bled-Brdo |169 |127 |244 661 | — [078 [074 092 |698 [0357 | - |18 |136 -
76 $2139 5 147 |062 |234 [693 | - 083 072 [13 [834 |0084 | - [028 [1,09 0,085
77 $2149 3 155 |064 |225 [708 | - 043 |054 [120 [711 [0118 | - [051 [068 -
78 : 3 12,1 448 o738 [704 | - [070 |068 [295 [604 |0085 | - [036 [078 0,078
79 $2151 3 175 1,50 [251 [655 | - 068 |1,22 [133 [477 [0217 | - [o66 [119 -
80 3 3 175 052 [204 [672 | - [1,00 [135 [1,13 [891 0044 | - o001 [027 -
81 5 3 136|187 1,33 [719 | - [o060 [063 |282 [514 |0078 | - 057 [084 [0122
82 : : 102 [348 |106 |614 | - | - 098 506 [747 [0125 | - [053 [184 -
83 : 3 107 1039 |094 [563 [ 050 - |1,70 [141 [1455 [o110 | - [003 [1,59 -
84 : 3 135 1032 |147 [682 | - |18 |122 [272 [925 [01290 | - [033 [076 0,009
85 : 3 123 410 [143 [674 | - [121 |o65 [292 [698 [0125 | - [076 [132 [0,118
86 : 3 1,1 353 [1,09 [680 | - [1,05 |1,04 [395 [781 [0133 | - [o64 [102 0,104
87 : 3 98 1325 |06l 680 | - [174 [085 [402 [877 [0177 | - [o048 [1,54 [0087
88 $ 1802 Ble‘fg; ?t"k 156 067 272 |647 | - 128 |062 |1,65 |875 |0170 | - |052 |136 |0078
89 $ 2384 Zas‘g‘; J 5zale 145 [518 (333 [634 | - (067 (049 |275 (747 |0,164 |0,075 [051 |1,05 -
90 5 5 112|047 |148 [712 | - [119 1,32 [081 [921 |0,131 |0002 [002 [178 0,075
91 : 3 149 1083 |1,68 |681 | - 044 |1,15 [054 [678 |0,148 | - [0,69 [2,19 -
92 s2036 | Redovliica= 1, Tsas 1177 |23 | - (125 |09 272 [491 |0a21 | - |098 |051 | 0012
Predtrg
93 : 3 178 |1,35 |316 [653 | - 085 |11 |089 565 |049 |0005 [0,08 [14 0,017
94 3 3 103 [449 [321 [464 | - [154 [1L,11 [1,98 [655 0252 |0,019 |05 |21 -
95 5 3 151 511 21 [627 | - [1,07 [081 [312 [708 0122 | - |054 [115 [o0,154
96 : : 148 [551 [276 [623 | - 1,53 |083 324 [666 |04 - loel |10 0,153
97 5 3 148 [624 [225 [635 | - 081 073 [359 [631 0093 | - [o46 [073 0,09
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A [NiO |CuO [ZnO |As,0,| Br | Rb,0 |StO |ZO, | Pd | Ag | Cd |SnO, |Sb,0,|BaO | Au |PbO
46 - -~ | = |~ 100003 | 00019 00460 | - e e -
47 0,007 0,18 |0,01 - 0,0028 - 0,068 | 0,0030 - - - 0,02 0,01 - - 0,12
48 0004 [011 [001 [ - 00014 | 000250056 |00074 | - | - | - Joo3 | - | - [ - Jol0
49 - 015 [0,01 | 000500007 | 00019 0047 [00060 | - | - | - | - o3t | - | - -
50 0,039 [020 [002 [o0001 [00010 | - [0045 |00054 | - | - | - Joo1 | 003 | - [ - Jo22
51 0,005 |016 [010 | - 00012 | 0,0035]0058 | - - -] - Joo4a o3| - | - Jo13
52 0,005 0,08 |0,29 - 0,0011 | 0,0014 | 0,051 |0,0123 - - - - - - - 0,03
53 0,002 0,02 |0,02 - 0,0482 - 0,042 - - - - 1,07 - - - 10,2
54 0,007 0,09 |0,24 - 0,0005 - 0,047 |0,0119 - - - - - - - 0,02
55 0,001 [001 [001 [ - 00014 | 000190069 | - - -1 -1 -1-1-1- -
56 0020 |162 [016 [0030 00015 - [0046 |00273 | - | - | - Joos | - | - [ - Jow
57 0,001 (002 [002 | - 00005 | 000100028 |00029 | - | - | - | - | - | - | - |oo
58 0012|060 [002 | 0009 00010 | - [0052 Jooos2 | - | - | - | - o3| - | - JoI2
59 0,016 |1,74 0,08 0,027 10,0011 - 0,050 |0,0158 - - - 0,06 0,07 - - 0,12
60 - 0,09 0,02 - 0,0008 | 0,0018 | 0,0454 | 0,0071 - 0,007 - - 0,11 - - 0,044
61 0,003 |0,16 |0,03 - 0,0014 | 0,0016 | 0,0312 |0,0346 - - - 0,037 - - - 0,039
62 0002 |012 [001 | - 00006 | 000140030 00041 | - Joo012] - Jo02 | - | - [ - |00
63 - Joas Jo21 | - |o0004 [ 00015 00467 0008 | - [ - | - | - | - | - | - 0058
64 0008 [148 (033 | - ooot4 | - [0069 |o0109 | - | - | - Jo27 | - | - | - Joe8
65 0003 [002 [003 | - Jooot6 | - [00647 J00083 | - | - | - | - | - | - | - ool
66 0,003 0,18 |0,01 - 0,0019 | 0,0016 | 0,094 |0,0151 - - - 0,01 - - - 0,03
67 0,004 0,17 |0,01 - 0,0009 | 0,0025 | 0,059 |0,0053 - - - - - - - 0,04
68 0,011 0,34 |0,02 - 0,0009 | 0,0014 | 0,058 |0,0169 - - - 0,02 - - - 0,23
69 0002 [012 [003 [ - 00006 | 0003200603 | - - | -] - Jooua o015 | - | - 0032
70 0002 [001 [001 [ - 00009 | 0001900632 | - - -] -1 - Jow | -] - oo
71 0004 [007 [016 | - 00005 | 00019 00628 00140 | - | - | - | - | - | - [ - |o043
72 0,003 0,01 |0,01 - 0,0016 | 0,0028 | 0,0798 |0,0232 - 0,012 - - - - - 0,011
73 0,003 0,02 |0,01 - 0,0009 | 0,0019 | 0,0622 - - - - - - - - 0,036
74 0,003 0,07 0,02 - 0,0013 | 0,0031 | 0,046 |0,0423 - - - 0,03 - - - 0,01
75 0002 [014 [002 [ - 00010 | 000060060 |00243 | - | - | - [o03 | - | - | - [o04
76 0005 [027 [001 | - o001 |00018 00395 0002 | - | - | - | - | - | - [ - |00
77 - [0099 [0,004 | - |0001 [00029 0041 [0008 | - [ - | - Joor | 008 | - | - 003
78 - |o0267 [0208 | - - Joo0023 0064 0015 | - | - | - | - | - | - | - [oos
79 - 2,316 | 0,114 - - - 0,069 | 0,021 - - - 0,13 0,04 - - 0,11
80 - 0,005 | 0,010 - 0,001 0,0014 | 0,050 | 0,003 - - - - - - - -
81 - 0,071 | 0,355 - - 0,0027 | 0,076 | 0,018 - - - - - - - 0,03
82 - Jo831 [oose | - Jooa | - o059 | - - -] - ]20 - - - Jayr
83 - Jo218 0035 | - 0034 | - o072 | - - -] - o2 o9 | -] - |103
84 - Jo122]0040| - Joo002 | - o076 | - - -] - Jooo| - | - [ - Jo03
85 - |o170 Jo286 | - Jo002 | - Jooes o019 | - | - | - Jooo| - [ - | - o1
86 - 0,093 | 0,316 - 0,002 - 0,055 0,014 - - - - - - - 0,03
87 - 0,128 | 0,331 - 0,001 0,0030 | 0,067 |0,015 - - - 0,02 - - - 0,08
88 - 0,43 | 0,068 - - 0,0047 | 0,057 |0,013 - - - 0,07 0,70 - - 0,55
89 0,0011 |0,088 0,023 | - - - Joos8 |oo17 | - | - | - | - | - | =] - |o23
90 0,0054 | 0,31 |0,023 | 0,013 - - 0,030 | 0,004 - - - - 0,12 - - 0,53
91 - 1,84 |0,031 | 0,007 - - 0,062 0,010 - - - 0,13 - - - 0,39
92 - 0,01 |0,01 - 0,0075 - 0,0518 | 0,0107 - - - 0,73 - - - 3,93
93 0,006 |1,48 |0,14 - - - 0,0517 | 0,0288 - - - 0,073 - - - 0,18
94 - Joos 003 | - [00493] - 00555 |- - - - e - | - - s
95 - Jo13 Jos7 | - [00009 [ 0001300583 [00112| - [ - | - | - | - | - | - o012
96 - Jo07 Jo21 | - ]00009 [ 00022 00572 [00138 | - [ - | - | - | - | - | - 0029
97 - Joo4 Jo17 | - J00005 | 00017 00452 [00099 | - | - | - | - | - | - | - o002
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Timotej KNIFIC, Ziga SMIT

A IE:IVI\S;O Naé‘iitfce Na,0 | MgO |ALO, |SiO, | P,0,[SO, | Cl |K,0 |CaO |TiO, |Cr,0, MnO |Fe,0, |CoO
98 E > 159 531 |1,97 |631 | — |083 |0,78 2,83 |649 |0,169 |0,005 |1,36 |0,87 |0,06
99 $5625 S‘z;’lz“é 133 |513 (387 |672 | — |010 |033 [247 |576 |0,097 |0024 |022 |099 |0,126
100 S 5625/3 » 128 |445 |255 |685 | — |0,18 |030 |2,64 |620 |0,099 |0,002 |087 |076 |0,072
101 S 5625/4 » 129 1460 |1,84 |664 | — 1079 |046 |247 |648 |0,159 |0,005 |029 |0,56 -
102 s 625/51 als » 133 |42 |176 |659 | — |1 063 |298 |663 |0118 |0,005 |1,22 |1,18 |0,108
103 s 625/517,1 o » 156 |0,78 [225 |674 | — 1193 |09 |096 |67 |0204 | — |073 |1,06 -
104 > > 123 |053 |317 |648 | — |048 |1,02 |097 |575 0129 | - 048 |075 -
105 $5625/28 > 802 [3.23 |28 657 | - |1,02 |094 |2,64 |495 |0123 | - |145 075 -
106 $5625/29 > 165 1059 |1,95 697 | — |1,05 |0,81 |05 |49 |008 | - |021 |1,39 0,049
107 S 5647A o 8 ~ |18 - ~ 260 - J255 | - [750 - - |- 0,10 -
108 S 5647B > 177 |045 |241 |650 | — |037 |0,60 |094 |11,6 0078 | — 017 |053 -
109 S 5647C > 157 |o75 |278 |703 | — |o054 0,65 0,51 |637 |0,089 |0,001 |0,03 |1,29 |0,049
110 $5591 gr. 51 140 |445 |1,85 |674 | — 1029 |039 |271 |617 |0,105 |0,002 |0,84 |082 |0,068
111 $ 5609 gr. 60 9,11 |3,72 |349 |61,8 | - |141 |023 |245 |860 |0,148 |0,009 |0,72 |2,08 -
112 > > 145 059 |1,92 |721 | — |024 |099 [0.80 |658 |0073 0001 |0,02 |136 0,161
113 > > 144 |0,70 |3,85 |686 | — 0,16 |0,60 |0,64 |590 |0236 | - |258 |2,14 _
114 > » 154 1,02 |292 |663 | — |025 |0,63 |069 |104 |0145 | - 002 |068 -
115 > » 939 [371 |492 |607 | - |134 |009 |2,00 |565 |0067 | - |101 |06l -
116 > > 143 |442 [233 |673 | — |014 |040 245 |730 |0122 | - 047 |00 -
117 E > 107 428 [346 |683 | — 1091 |0,19 |223 |665 |0,133 | — |037 |067 -
118 > > 135 |552 |324 |664 | — |0,13 |026 |234 |682 |0088 | - |054 |083 |0,059
Srednja vas —
119 $2090 Zale 165 |125 |1,74 |644 | - |1 112 |1,06 |7,54 |0,147 |0036 031 |093 -
gr. 14
120 > » 142 049 [319 704 | — |07 |1,02 |1,31 |49 |0,119 |001 |1,34 |098 |0,094
121 $2103 gr. 18 663 |03 |04 |657 | - |682 |1,38 |267 |135 |o0262 | - |o67 1,04 |-
122 > » 821 [259 |074 552 | - |42 |1,83 |518 |134 |0244 | — |081 |2,19 |0262
123 > » 139 |043 |282 |65 ~ 165 |1,37 |18t [971 |o125 | - |22 |o77 o005
124 > > 133 049 |1,29 |665 | — |1,32 | 1,39 |1,34 |7,81 0409 | — 085 |L63 -
125 $2110 gr 23 121 031 |149 |682 | — |175 |13 |2.16 |893 |02 — 11,02 |146 -
Srednja vas —
126 $2113 Podonjice | 148 |026 |1,85 |678 | - |24l |136 |1,16 |821 |0141 | - |037 |0,58 -
gr. 24
127 S2114 » 134 |0,78 |215 |60, | — 1335 |166 |1,53 |10,8 |0257 | — |1L15 |3,16 -
Do!sko -
128 PN21A | Sp.Skovce |151 [3,81 (201 |670 | - |041 |0.66 |2.89 |672 |0101 | - |065 |062 0006
gr. 3
129 PN 21B » 106 1336 |234 |713 | — |078 |0:86 |252 |622 |0129 | — |004 |073 |0,047
130 PN 563A > 160 |451 |191 |654 | — 038 |066 |251 |742 |0,102 | — |033 |066 -
131 PN 563B > 11,3 374 |247 |700 | — 080 |081 255 |625 |0,139 | - |004 |070 |0,043
Gorenji
132 A2898 | Mokronog— |149 |04 |203 |679 | - |091 079 |096 |849 |0084 | - |054 1,02 |0,121
Vrajk
133 A3245 | CorOvLoE— o0 1005 1226|698 | - |031 068 127 652 |0086 | - |036 |0,53 -
Camberk
134 A 3253 » 167 |1L11 |245 |687 | — |039 |081 |098 |691 |0134 | - 064 |078 -
135 S1272 TE:‘:IS'CC 139 562 |1,60 |657 | — |057 068 328 |691 |0093 | - |025 |086 |0,105
136 > » 126 1526 |133 |648 | — |- |076 |270 |438 0056 | - 077 |039 -
137 > > 135 |511 |154 |659 | — |- |068 [328 |658 |0094 | — |1,07 |077 |0,046
138 S 1277 > 142 439 |266 |663 | — |042 |058 2,63 |7,00 |0,124 | - |052 |088 |0,043
139 E > 140 1567 |1,80 |646 | — |054 |0,62 287 |725 |0122 | - 092 |116 0,071
140 > > 11,9 |448 |184 |640 | — |- |083 234 |571 0070 | - 080 |052 -
141 $562 | Ptuj—Grad |134 |514 (240 |685 | - |035 |056 |252 |551 |0071 | - |046 071 |0,049
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A |NiO |CuO |ZnO |As,0,| Br | Rb,0 |StO |ZrO, | Pd | Ag | Cd |SnO, |$b,0,|BaO| Au |PbO
98 - |o1 Joos | - Joo0007 | - 00499 00216 | - | - | - 0028 | - | - | - 005
99 - 0066 0,264 | - - 1000120050 |0012 | - | - | - | - - | =] - 005
100 - |o16 |o083 | - - - |0044 Jo010 | - | - | - Jo08 | - | - | - |o21
101 - Joe9 Joo011| - - - |0049 Jo008 | - | - | - Jo3t | - | - | - [192
102 - o015 [019 | - [00028 | 00017 |0,0487 |0,0129 | - | - | - |02 - = - Jo3
103 0,004 (0,09 [003 | - |00054 | 00007 0,057 |0,0147 | - | - | - [016 | 017 | - | - |087
104 0,002 |005 |004 | - 00181 | - |0,044 - - | - - |ust Jour | - | - 777
105 0005 |015 [011 | - 00213 | - 00627 | - - | - - e | - | -] - |68
106 0,007 031 |012 | - ]0005 | - 0088 [02202| - | - | - [0061 | L16 | - | - |03l
107 - |Ll6 [0119 | - - - - - - -1 - 1- - | -] - |63
108 - |o12 Joo10| - Jooo1r | - 0064 - - -1 -1- - | -1 - oo
109 - J038 |o0012 | - - - 0042 - - -] - Joo3 Jo27 | - | - oW
110 - J023 |0115| - [00009 | - |0046 |0014 | - |0041| - [012 | - | - | - [035
111 |0,0011 [0,87 [0,025 | - 00016 | - [0046 0006 | - |0019| - |179 | 002 | - | - |[342
112 (0,109 [039 |0015 | 0,122 | - - 0,033 - - | - | = | - ]oona| - | - |o04
113 |0,0016 | 0,036 |0,006 | 0,006 |0,0021 | - 0051 0017 | - | - | - 002 | 004 | - | - 005
114 |0,0004 | 0,019 |0,009 | 0,030 |- - 0058 J0002 | - | - | - | - [132] - | - |003
115 |0,0008 |0,010 |0,003 | - 00064 | - |0,034 - |oo011]o0018]0022 181 | - | - | - [863
116  |0,0011 0011 [0,007 | - [00007 | - 0058 |0009 | - | - | - | - - | -] - 002
117 |0,0005 |047 [0,007 | - |00005| - 0037 0020 | - | - | - |028 | - | - | - 120
118 - ]0,056 |0,117 | 0,001 [0,0011 | - 0053 |0015 | - | - | - | - - | - - |oo4
119 0,007 (232 [006 | - 00016 | - [00803 0011 | - | - | - 025 | 032 - | - [L09
120 0,005 |0,16 [002 | - - 10002700505 |0007 | - | - | - | - 02| - | - [077
121 0,005 |009 [008 | - [0,0019 | 0,051 |0,065 00058 | - |0067| - | - |012| - | - 0103
122|001 |257 |095 | 0057|0003l | - |0,0749 |- - o269 - | - - | -] - |u17
123 0,002 |003 |0,03 | 0008 |0,0008 | 0,002 |00603 00073 | - |o0011| - | - - | - | - ool
124 0009 [159 |008 | - 00043 | 00017 |0,0714 00286 | - | - | - 019 | - | - | - |175
125 0,003 [052 |006 | - 00021 | 0,0047 00682 00173 | - |0127| - | - | 017 | - | - |07
126 0,002 |028 |006 | - |0,001 |00013 00506 00044 - |0166| - | - | 016 |014| - 0092
127 0003 |076 |06 | - [0,0033 | 00038 00473 0003 | - |0233| - | - - 03] - 012
128 | 0,0006 |0,011 |0,006 | - [0,0008 | - |0052 (0012 | - | - | - | - - - | - oot
129 |0,0003 |056 |0,097 | - |00010 | - 0038 |0011 | - | - | - |oll | - | - | - 028
130 - |0,007 [0,004 | - - - Jooes |oo11 | - | - | - | - - | - | - Joot
131 - |o45 Joo089 | - - - o040 Joo11 | - | - | - Jo14 | - | - | - |02
132 - o020 | - - - - 0,050 - - | - | - |ooo | 140 | - | - 052
133 - 10,025 |0,005 | - - - | 0,044 - - = | - ]ooo | 023 | - | - 005
134 - Jo21 |o0015 | - - - 0042 - - | - | - Jooo | 006 | - | - 009
135 - |006l [0227 | - |0,001 - 0049 |0008 | - | - | - | - - | -] - 005
136 - 10,005 | 0,005 | 0,027 | 0,026 - 10,048 - - - - Jogm | - | -] - 605
137 - |0,120 0,076 | 0,018 | 0,003 - 10039 Jo009 | - | - | - Jo18 | - | - | - ]1,08
138 - 10065 0,130 | 0,009 | - 00020 0048 [0014 | - | - | - | - - | - - |om
139 - ]0,110 [ 0,147 | 0,017 [0,001 | 0,0015 [0,046 [0,012 | - |0010| - | - - | -] - |oo4
140 - 0,015 [0,009 | - [0,025 - |o,058 - - - - |10 - | -] - |es52
141 - J0061 [0263 | - |0,001 - Joos7 Joo12 | - | - | - | - - | -] - 006
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Timotej KNIFIC, Ziga SMIT

A IE:IVI\S;O Naé‘iitfce Na,0 | MgO |ALO, |SiO, | P,0,[SO, | Cl |K,0 |CaO |TiO, |Cr,0, MnO |Fe,0, |CoO
142 E > 134 |469 |246 |687 | — 1035 |059 |247 |578 |0,101 | - |004 |084 |0,102
143 E > 123 391 |469 |653 | — |022 |0,78 2,18 |810 |0,150 | - |08l |1,10 |0,072
144 » » 105 426 |293 |655 | - |- |o64 |202 |501 0058 | - 088 |039 -
145 PN5 | o tui;‘;/[;mf 170 |067 |271 |657 | - |017 |o74 |1,05 |701 0117 | - 091 |3,73 -
Murska
146 SO 45 Sobota— | 1,11 ~ le4s 324 |249| - 000 |- |084 |0292 | - |004 |1,84 -
Nova tabla
147 SO 53 > 118 038 [218 |506 | — | — |1,03 |0.67 |468 |009% | - 043 |123 -
148 SO 149 > 147 |o60 [315 |712 | — | — |o96 |078 |578 |o111 | — |o67 |01 -
149 SZ9A > 126 |098 [291 |626 | — | — |083 |076 |58 |0,110 | — |034 |11,4 -
150 SZ 9B > 157 1066 |242 697 | — | - |084 |0,62 |625 |0082 | - |056 |0.65 -
151 SZ 10A » 158 0,94 [300 |631 | - | — |093 |099 537 |0130 | - 063 |483 -
152 SZ 10B » 131 057 [298 600 | — | — |119 |069 |469 |0142 | - 073 |658 -
153 Sz 15 > 334 1065 |552 |370 | 7,80 | — |086 | 124 |1,52 |0393 | - |022 |113 -
154 SZ17/19 > 156 |051 |259 709 | — 032 |059 |071 |710 0053 | - 128 |035 -
155 SZ.17/20 > 147 |043 [301 |674 | — | — |o81 [238 |911 |0080 | - |039 |1,09 0116
156 11540 Lipovei =100 1025 238 1634 | - (041 |066 |133 |454 |0013 | - |098 9,83 -
Popava 1
157 11783 » 161 |431 |3,53 |620 | — 1049 |050 |2,63 |88 |0,139 | — |038 |096 -
158 12240 » 134 |049 |576 |680 | — |066 | L1l |1,62 |699 |0212 | - |035 |1,31 -
159 12245 » 100 059 [249 |747 | — |1,17 |095 053 |624 |0104 | — 032 |060 -
160 12246 > 130 076 |378 |70.6 | — 1092 | 1,03 |0.83 |540 0203 | - 053 |1,02 -
Lipovci —
161 12477 Popava2 |148 |038 [2,62 |725 | — |052 |0,60 |1,53 598 |0082 | - |030 |046 |0,005
gr.3
Murska
162 PN 7 Sobota— | .o 1490 |248 |639 | - 059 |074 |315 725 |0436 | - |o11 |102 |0,056
Na plesi
gr.2
163 PN 9 > 133 576 |191 |591 | — |090 |06l |274 |138 |0314 | - 079 |062 -
164 PN 15 » 27 044 |2,13 |904 | — |043 |045 |1,00 121 |0072 | - |001 |045 -
165 PN 42 g 4 145 |557 |136 |647 | — |- |o64 |251 437 0072 | - 089 |040 -
166 PN 58 » 145 430 |221 |664 | — |045 |06l |267 |629 0119 | — 1,57 |0,80 -
167 PN 67 > 132 |364 |187 |698 | — |034 |078 |242 |616 |0111 | — 093 |070 -
168 PN 68 > 138 1522 |164 |679 | — 1039 |059 |275 |541 |0,100 | — |1,53 |0,64 -
169 PN 76 > 148 |436 |233 |642 | — 031 |06l 336 |697 |0,100 | — |0,13 |064 -
170 PN 106 > 138 |471 |143 [695 | — 034 |068 234 |468 |0080 | - |129 |047 -
171 PN 141 gr. 14 147 |524 |159 |67,7 | — 038 |064 |247 |497 |0,113 | - |1,14 |085 0,051
172 PN 174 gr. 15 126 448 |279 |693 | — |022 |052 |266 |602 |0103 | - |027 |075 |0,092
173 PN 175 » 148 |436 |326 |599 | 402 |027 |0,63 3,00 |7,88 0206 | - 047 |102 -
174 PN 181 > 130 |3,78 |207 |642 | 1,34 |044 0,80 253 |767 0130 | - 014 |125 -
Sredisce
175 93/359-31| obDravi |0,038 |- 0,62 N - - |- 1,10 -
gr. 69
176 93/466 g 71 128 362 [386 |674 | — 1016 |0,71 |2,35 |600 |0,14 |0,006 |1,98 |0,84 -
177 93/471A > 945 |2,67 |7.48 695 | - |04 |038 |1,89 |7,19 |009 0,171 |0,04 |071 -
178 93/471B » 146 433 |287 |e61 | — |026 |058 |298 |651 |0,11 |0005 091 |0,73 -
179 94/154 kv XII 167 |074 |251 687 | — |040 | 081 |098 |666 |014 |0,001 |024 |098 |0,059
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A |NiO |CuO |ZnO |As,0,| Br | Rb,O |StO |ZrO, | Pd | Ag | Cd |SnO, |$b,0,|BaO| Au |PbO
142 - 0,079 0,356 | 0,015 | 0,001 - |oo046 Joo013 | - | - | - | - - | - - |om
143 - 10067 [0162 | - |0,001 - o044 Joo015 | - | - | - | - - | -] - 003
144 - 0,005 |0,016 | 0,018 | 0,041 - 0056 0047 | - | - | - |11 - | -] - 665
145 - |0,039 |0,004 | - - 100070 0,055 0007 | - | - | - | - |002] - | - [008
146 - - 10007 | - |0064 - |0033 ~ 0064 0045| 014 (728 | - | - | - [248
147 |0,0023 0,066 |0,004 | - 0,017 - 0042 - 0026 - ]0036 021 | 011 | - | - [153
148 0,009 [0,85 |0008 | - 00006 | - |0042 |0004 | - | - | - | - |o004 | - | - |04l
149 ]0,0010 0,039 |0,003 | - |- 0,0081 | 0,035 - - | - - Joos | - | - | - |141
150 0,0019 |1,56 |0,032 | - 00012 | - [0047 0003 | - | - | - | - |01l | - | - |073
151 - |o62 [0,017 | - 10,0036 | 0,0014 | 0,046 - - | - | - |oe6 | 006 | - | - |28
152 - 10019 0,004 | - |0014 - |0041 - - | - Joo030]o084 | 002 | - | - 837
153 |0,0019 | 0,040 [0,006 | — |0,041 - |o.028 - Jooes| - |o1rjo2 | - | - | - |297
154 | 0,0004 |0,005 0,003 | - [0,0003 | 0,0004 0040 0004 | - | - | - | - - | -] - 002
155 0,0009 [020 |0,013 | - 00017 | 0,0019 0,063 0004 | - | - | - | - | 002 - | - |06
156 | 0,0039 |0,034 [0,003 | - [00008 | - 0029 0003 | - | - | - | - - | =] - |o04
157 |0,0016 | 0,031 |0,008 | - |0,0004 | 0,0011 |0,059 |0008 | - | - | - | - - | -] - 002
158 | 0,0008 | 0,007 |0,006 | - |0,0004 | 0,0023 |0,047 0004 | - | - | - | - - | -] - 000
159 | 0,0003 |0,009 0,003 | - |00018 | - 0047 0003 | - | - | - |L14 | 026 | - | - 089
160 00011 [125 |0,034 | - 00009 | - |0040 0004 | - ]0009| - |002 | 010 - | - |053
161 - 0013 [0,004 | - |0,0002 | 00017 0,034 |0004 | - | - | - | - | 013 | - | - |00
162 - |0049 |06 | - Joo0005 | - |0054 |0017 | - | - | - | - - - | - oot
163 |0,0007 |0,033 [0,006 | - [0,0005 | 00011 0045 |0012 | - | - | - | - - | - | - Joot
164 |0,0004 |0,67 |0,007 | - |- 0,0018 10,007 0,005 | - | - | - 1009 | - | - | - Jo01
165 | 0,0006 |0,011 [0,004 | - 00057 | - [0050 0001 | - | - | - 069 | - | - | - [428
166 | 0,0011 0,011 [0,006 | - |0,0006 | 0,0007 |0,045 0014 | - | - | - | - - -] - 002
167 |0,0016 0,010 [0,005 | - [0,0012 | 0,0007 |0,047 |0012 | - | - | - | - - | - | - Joo1
168 |0,0012 |0,015 |0,006 | - 00008 | 0,0010 0,053 0017 | - | - | - | - - | -] - 002
169  |0,0025 |198 |0015 | - |00011 | 00011 0070 0011 | - | - | - 003 | - | - | - 007
170 |0,0008 | 0,006 [0,002 | - [0,0005 | 0,0006 0,038 |0011 | - | - | - ]055 | - | - | - |004
171 - |o066 |0,027 | - |- 0,0006 |0,041 0,027 | - | - | - 1003 | - | - | - ]004
172 |0,0004 0,051 |0,13 | - |0,0007 | 0,0007 | 0,046 |0,014 | - 0006 - | - - | -] - 003
173 |0,0012 |0,011 [0,006 | - [0,0013 | 0,0017 |0,057 0,020 | - |0049| - | - - | - | - Joot
174 |0,0008 |0,64 [0,007 | - [00022 | - 0059 [0010 | - | - | - J0o26 | - | - | - |164
175 - 0098 | - - - - - - - - -] - - | -] - |84
176 |0,0016 0,024 [0,004 | - - - |00524 [o0105 | - Jo0039| - | - - | - - |oo
177 |0,0014 |0,015 |0,006 | - - - 10,0404 [0,0033 | - |oo010| - | - - | - | - |oo004
178 |0,0008 | 0,015 |0,004 | - - - 00562 [0,0098 | - |0024| - | - - | -] - 002
179 ]0,0003 |0,17 |0,005 | - - - |o038 |00079 | - | - | - | - |05 | - | - |017
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Early medieval glass in Slovenia:
Analytical study and beads of plant-ash glass

Translation

Glass finds from the early medieval sites of Slo-
venia are numerous; the most frequent are beads,
less numerous is jewellery with added glass orna-
ments; there are also some ingots and fragments of
glass vessels. The first material analysis of medieval
glass was performed in 2004 on the finds from
Gradisce above Baselj.! The measurements based
on the combined PIXE-PIGE method revealed two
types of glass, natron and halophytic (Fig. 1). The
two types distinguish according to the flux used:
(1) natron, a mixture of sodium carbonate and
bicarbonate, and (2) the ash of halophytic plants.
Glass with less than 1.6% MgO was made of natron,
glass with a higher percentage of MgO is halophytic.
In 2009 and 2010, we expanded our research to
the glass beads from various archaeological sites
in Slovenia.? In addition to the natron-type glass,
we also discovered several examples of halophytic
glass, which raised questions about correct dating
of certain find complexes.® Our research continued
into 2015 and 2016, analysing another group of glass
beads, including the recent finds from Pomurje.

! Smit et al. 2009a; Smit et al. 2010.

2 The studies of early medieval glass have been carried
out since 2004 within the “Archaeological and Archaeomet-
ric Research of Portable Archaeological Heritage” research
program, coordinated by Dr Janka Isteni¢ (Narodni muzej
Slovenije, Ljubljana). The authors acknowledge the financial
support from the Slovenian Research Agency (research
core funding No. P6-0283).

3 Smit et al. 2012.

All measurements executed between 2009 and 2016
are shown in the table (App. A) that includes 179
samples from 25 sites (A 1-179).*

MEASUREMENTS
Experiment

The measurements were performed with the
Tandetron accelerator of the JozZef Stefan Institute in
Ljubljana. Two methods were applied: the method
of proton-induced X-rays (PIXE) for the elements
of silicon and heavier, and the method of proton-
induced gamma rays (PIGE) for the elements of
sodium, magnesium, and aluminium. The nominal
proton energy was 3 MeV, but it reduced to ap-
proximately 2.7 MeV on the target, as the protons
left part of their energy in the exit window and in

4 A (analysed sample) + number = sample serial number
(App. A). In figures and in the table, the numbers of natron
glass are shown in red, and the numbers of halophytic
glass in blue. In the table (App. A), the fields with values
of the MgO content higher than 1.6% are painted grey,
thus indicating halophytic glass. The symbol (-) denotes
values bellow the detection limit. - At the measurements of
2004, we could clearly distinguish between the natron and
halophytic glass, but due to the inefficient normalization
procedure of the gamma spectra, those values are less ac-
curate than our present values obtained during 2009-2016,
so we did not include them into App. A.
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an approximately 1 cm air gap between the exit
window and target. The width of the air gap was
kept fixed with mechanical spacers. The beam profile
at the target was Gaussian with 0.8 mm width at
half maximum. The emitted X-rays were detected
in a Si(Li) detector of 160 eV resolution at 5,89
keV, positioned at 45° with respect to the target
normal. The distance between the irradiated area
and the detector was approximately 6 cm. Precise
values of the two air gaps were determined from
the measurements of pure elemental and simple
metal oxide targets, using the argon signal from
the air for normalization.

Two measurement series were performed with
different settings. For the first series of 112 data,’
three sequential spectra were measured in each
measuring spot: two PIXE and a PIGE. For PIXE
measurements, an 8 um aluminium foil was used as
the exit window, as the aluminium lines of 1.5 keV
produced no scattering background in the spectra.
Low-energy PIXE measurement was aimed at the
elements between silicon and iron. The proton
current was a few tenths of nA, using a 5.7 cm
air gap as the only absorber. The measuring time
was about 300-500 seconds. For the subsequent
high energy PIXE, the proton current was set to
about 1 nA, and the X-ray detector was equipped
with an additional absorber made of 0.1 mm thick
aluminium foil. The sensitivity for mid-Z elements
around Sr was thus approximately 10 pg/g. Spectral
deconvolution was performed by the AXIL pro-
gram, and the two sets of X-ray intensities were
combined into one input file numerically, using
the Fe Ka line for normalization.

The third, the PIGE spectrum, involved gamma
rays of essential glass elements sodium, magnesium,
and aluminium. For these measurements, the exit
window was a 2-um thick tantalum foil that produced
no gamma background up to approximately 300
keV. The detector used was intrinsic germanium
with 40% relative efficiency. The detected gamma
rays were excited by inelastic nuclear scattering and
were 440 keV for Na, 585 keV for Mg, and 844 and
1014 keV for AL® Independently, we determined the
intensity of 583 keV gamma line from the natural
background and subtracted its contribution from the
magnesium gamma line. In plant ash that contains
several percent points of MgO, the counting rate

5 In App. A, these are sample numbers A 1-10,12-22,
26-38,41-87,92-98,102-106,119-127,135-144.

¢ Hirvonen, Lappalainen 1995, 592-593; Savidou et
al. 1999.

of the background line was less than 10% of the
magnesium line, but in natron glass, the counting
rates of both lines were approximately equal. This
effect reduced sensitivity for MgO to about 0.3%.
The proton current for PIGE measurements was a
few nA and the accumulated dose, measured by a
wire mesh intersecting the beam in the vacuum,’
was 3 uC. The GRILS program of the GANAAS
software was used for the spectral deconvolution.

During the second series of 67 data,® we meas-
ured the X-ray and gamma spectra simultaneously,
using the 2 pm tantalum foil for the exit window.
Scattered tantalum L lines then contributed as
a small background in the spectra, which we
subtracted during the de-convolution procedure.
The proton current was approximately 1.2 nA
and the measuring time was about 1500 seconds,
which corresponded to the accumulated dose of
3 uC. In order to balance the detection of X-rays
from light and heavy elements, the detector was
equipped with a funny filter made of 0.05 mm
thick aluminium foil with a hole 0of 0.0883 relative
opening. The X-ray intensities obtained from the
spectra de-convolution were numerically corrected
for transmission of the funny filter.

The elemental concentrations were evaluated
using an iterative procedure, simultaneously tak-
ing into account the matrix effects for X-rays and
gamma rays. Glass standard NIST 620 was used
to determine the concentrations of Na, Mg and
Al according to the surface approximation;® the
iterative procedure depended on proton stopping
in the target only. The concentrations from the
X-ray intensities were determined according to
the method of independent physical parameters,
taking into account X-ray absorption and proton
stopping in the target. As glass is essentially a
mixture of oxides, the sum of all determined
concentration oxides was normalized to unity.
The sum of oxides was also calculated from the
argon signal excited in the air gap between the exit
window and target. Differences up to 20% were
considered tolerable, but larger values signalled
that the absorption correction was not considered
correctly. The reason for this was sample geom-
etry, which departed from the flat target scheme
assumed in the calculation. A different distribu-
tion of X-ray escape lengths was then simulated

7 Jezer$ek, Smit, Pelicon 2010.

8 In App. A, these are sample numbers A 11,23-25,39,40,
88-91,99-101,107-118,128-134,145-179.

9 Climent-Font et al. 2008.
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by varying the X-ray exit angle from the target.
As a test, we also varied the input parameters in
the range expected in the experiment. Variation
of the exit concentrations implied concentration
uncertainties in the range of 10-15%. Periodically,
we also measured the standards NIST 620 and
621 as unknown targets. The differences between
nominal and experimental concentrations were
then smaller, typically within +5%.

Results

The elemental concentrations for 179 samples
are shown in the table in mass% (App. A). The
detection limits for the elements obtained from
the gamma spectra are 50 ug/g for Na,O, 0.2%
for MgO and 500 ug/g for AL,O,. For the elements
obtained from the X-ray spectra, they are about
0.5% for P,O., 500 pg/g for SO, and 150 ug/g
for Cl. For elemental oxides between Cr and Zn,
they are about 10 ug/g and increase to 20 pg/g for
elements heavier than As. For PbO determined
according to its L lines, the detection limits were
30 ug/g; for BaO that interferes with Ti K lines,
they were about 200 pg/g.

The majority of beads in the table (App. A)
contains more than 9% Na,O, which characterizes
them as true glass. Only three beads contain less
than 3% Na,O. A green bead from Smoku¢ (A
107) contains an undetectable amount of sodium,
but 61% PbO and 26% P,O., a white bead from
Murska Sobota (A 164) contains 2.7% Na,O only,
but 90.4% SiO,, and a yellow bead from Nova
tabla (A 146) with 1.11% Na,O contains 32.4%
S§iO,, 24.9% P,0. and 24.8% PbO. The beads
from Smoku¢ and Nova tabla are related to early
medieval lead glass,!? though their phosphorous
content is higher than the values published for
other examples.!! The low sodium content in the
bead from Murska Sobota is very likely the result
of weathering; this is supported by visual inspec-
tion of the bead’s surface. The true glass samples
were first inspected for their main type, i.e. they
are produced of natron or of halophytic plant ash.
The MgO-K,O graph in Fig. 1 clearly shows two
groups. The glass with the MgO content lower
than 1.6% is regarded as natron-produced glass;
the corresponding K,O content should be smaller

10 Mecking 2013.
11 Mecking 2011, 332.

than 1%.'? In our natron group, this is not the
case, as approximately half of the natron group
has K,O concentrations higher than 1%, with four
samples even between 2 and 3% (A 84, 121, 125,
155). High potassium values may result during
recycling when the melted glass makes contact with
feldspar and other potassium-bearing minerals in
the oven. Three types of glass lay halfway between
the natron and plant-ash group; therefore; they
can be made of recycled glass containing both
components. The plant-ash group further shows
more dispersed magnesium and potassium values,
which reflects using different plant materials. It
is important to note that the beads with mosaic
eyes are all made of plant-ash glass. With four
such beads, we made 20 measurements on the
fields with different colours; the analysed beads
are from Ljubljana (A 2-6), Bela Cerkev (A 7-10)
and Przanj (A 12-22).

Natron glass

Natron glass is made of coastal siliceous sand
that contains calcium, for example in the shape
of mollusc shells. The impurity elements, such as
aluminium, titanium, iron and calcium are then
used to determine the provenance of the sand
source. In Late Antiquity, the main production
centres of primary glass were located in Egypt and
Palestine,'® though in the earlier, imperial period,
the glass could have also been produced in Italy
and the western Mediterranean.!*

Over the previous fifteen years, researchers
have recognized several types of Roman and
Late Antique glass, which we show in Fig. 2. The
characteristic regions of CaO and Al,O, oxides
are marked with the boundaries that extend 20
from the mean. In 2003, Foy distributed the glass
of southern France into 12 groups.!®> Roman Im-
perial Age glass formed groups 3 and 4; the main
difference was the use of decolourizer, which was
manganese for group 3 and antimony for group
4. The latter group also belong to a rather nar-
row time interval, dated into the 2" and 3™ c.
AD. Several subgroups are connected with Late
Antiquity: Group 3.2 extends from the end of the
5% until the beginning of the 6 c., and group 3.3

12 Sayre, Smith 1961.

13 FEreestone 2005, 3.

14 Ganio et al. 2012a; Ganio et al. 2012b.
15 Foy et al. 2003.
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from the end of 7" into the beginning of the 8t
c. Group 2 extends from the mid-6" until the end
of the 8 c. AD; its characteristic is higher MgO
content of about 1.2%. Group 1, containing high
concentrations of Fe, Mn and Ti (but also higher
concentrations of Na,O and MgO) was identified
for Egypt in the first half of the 5 c.

Similar groups, though with different names,
were identified by researchers in England. They
identified Levantine I glass typical for Late Antiq-
uity of the 5"-7" c. and HIMT glass (high iron,
manganese and titanium) that matches closely
group 1 of Foy.!® HIMT glass was frequently used
in the western part of the Roman Empire of the
4 ¢, onwards; subdivision of HIMT glass was
further proposed.!” Group 2 of Foy was also related
to the so-called weak HIMT glass'® or HLIMT
(high lime).! Levantine II glass identified in Bet
Eliéser in Israel was used during the 6!"-8t" c., and
Egypt II glass during the 8™ and 9t c.2° A further
subdivision was according to the glass analysis
from Faragola in central Italy, involving samples
from the period between the 3'¢ and 9" c. AD.%!

As shown in Fig. 2, the glass beads generally
coincide with the glass groups of Late Antiquity
until the 9 c. AD. There are only a few points
extant: five are characterized by high CaO values
(A 26, 83,120, 121, 163), and four by high ALO,
values (A 146, 153, 158, 177). The bead with the
second highest CaO amount also contains 10.3%
PbO (A 83); calcium plumbate might have be
used to obtain a yellow colour. For the high alu-
minium values, we presently have no explanation.
High aluminium may result due to the surface
contamination, but the beads A 158 and A 177
are of transparent green colour, which makes con-
tamination less likely. Figs. 3-5 show distribution
of the beads according to iron, titanium and alu-
minium. For iron, we cannot distinguish between
its chemical states, so Fe,O, is used for both of its
oxides. The iron-manganese graph (Fig. 3) shows
we only have two (or possibly three examples) of
HIMT glass (A 65,74,113). This situation is similar
to the glass inventory of Tonovcov grad?? and is
consistent with the observation that HIMT glass

16 Freestone 2005, 6.

17 Foster, Jackson 2009.

18 Jackson, Paynter 2016.

19 Ceglia et al. 2015.

20 Freestone 2005, 14.

21 Gliozzo 2016; Gliozzo et. al. 2015; Gliozzo et. al. 2016.
22 Smit et al. 2013, 57.

more frequently circulated in the western part of
the Roman Empire, which did not change during
Late Antiquity.

The titanium-iron graph (Fig. 4) shows that several
high-Ti concentrations of natron glass (A 37, 56,
93) lie along a single correlation line, which may
indicate recycled HIMT glass. Generally, natron
and plant ash glass show no systematic differences
in aluminium (Fig. 5), but some examples of na-
tron glass exhibit rather high concentrations of
iron, above 6% (A 147, 149, 152, 153, 156). Such
high iron concentrations were evidently used for
pigmentation, as the beads containing about 10%
iron oxide are opaque black, and those containing
3-5% iron oxide are dark brown.

Recently it was proposed to distinguish between
the glass made in Egypt and Palestine according
to the content of titanium and aluminium oxides,
showing the ratio TiO,/Al,O, as a function of
Al,0,/Si0,.* In our case (Fig. 6) we see no clear
separation between the two groups. For natron-
type glass, the number of samples that should have
originated from Egypt is larger than the number of
the proposed Palestine glass. For plant-ash glass,
it is interesting to note that the beads of mosaic
eyes appear on both sides of the division line,
proposed by Schibille and co-workers.?* Some
points of both types of glass exhibit quite large
TiO,/Al,O, ratios and are out of range of the
Schibille’s graph (A 74, 121).

We may expect that natron-type glass was re-
cycled several times until it was finally employed
for the beads. An indicator of recycling can be
antimony, which was used as a decolourizer in a
rather narrow time interval of the 2" and 3™ c.
AD.?> The concentration of Sb,0, in transparent
glass is typically below 0.2% (Fig. 7), which is the
boundary value indicating intentional addition.?¢
It is the only transparent glass that shows a higher
antimony value of 1.06% (A 43), which may be
regarded as intentional. However, it is interesting
to observe that Sb,0, reaches values greater than
0.2% in many of the samples of coloured glass
(white and blue, see A 32, 41, 106, 114, 132). We
may conjecture that antimony was a component
of the pigment in these glasses.

23 Schibille, Sterrett-Krause, Freestone 2016.

2 1b., 15, Fig. 9.

25 Foy et al. 2003, 80; Silvestri, Molin, Salviulo 2008,
337-338.

26 Silvestri, Molin, Salviulo 2008.
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We further attempted to classify the natron-type
glass according to the scheme of Gliozzo, which is
based on the concentrations of ten characteristic
elements.?” We then introduced a system of scores:
each glass sample was questioned for all glass
types, and for each type of glass, we checked the
concentrations of all ten characteristic elements. If
the concentration of a particular element differed
from the reference value by less than two standard
deviations, a score was given for this type of glass.
The final glass type was then selected according
to the highest number of scores collected. The
procedure showed that quite a high number of
types of glass (32 among 80 considered) remained
undetermined as more than two types collected
an equal number of scores. Among the types that
could be classified, the largest group was Late
Antique Clear glass discoloured with manganese
(LAC-Mn, 42 examples). The remaining types
were LAC-Sb (one example; A 90), and LAC-MnSb
(two examples; A 30, 55). There were also three
examples of earlier Roman glass, the naturally
coloured RNCBGY2 (one example; A 77) and the
colourless RC-MnSb (two examples; A 49, 147).

Plant-ash (halophytic) glass

Within our samples, we found 94 examples of
halophytic glass, which was made of alkalis ob-
tained from the ash of halophytic plants (App. A).?

Halophytic glass contains a larger variety of ele-
ments than natron. For glass-making technology, it
is important that the ash also contains earth alka-
line oxides that contribute to its chemical stability.
During glass manufacture, the ashes were purified
in different ways that are not known in detail.
The extreme purifying procedure is precipitation,
which included dissolving the agents in the water,
removing the insoluble products and evaporation
of water. Glasses of such type are easily recognized
as the procedure also removes insoluble strontium
oxide, giving apparently high rubidium concen-
tration with respect to strontium. All our types
of glass show SrO values higher than 280 ug/g,
which excludes precipitation and is characteristic
for plant ash sources, but also corresponds to glass
made of coastal sand.”

27 Gliozzo 2016; Gliozzo et al. 2015.

28 In the column MgO in App. A, the percentage values
for plant-ash glass are painted blue.

29 Freestone 2005, 4.

The source of ash can be identified in the plot
showing the relative fraction of sodium and potas-
sium oxides in the total content of alkaline and
earth-alkaline oxides.>* The examples of plant ash
analysed in our study generally coincide with the
area, which we designated as vitrum blanchum II
in our studies of Venetian glass (Fig. 8).3! Though
the glass beads in our study are 400-700 years
older than the Venetian glass, it seems the flux
sources and harvesting/purifying procedure of
the plant ash were the same. However, the origin
of ash source in vitrum blanchum II is still dis-
putable and contradicting explanation occur in
the literature. According to one explanation, this
glass was also produced in Venice itself parallel to
vitrum blanchum I glass;** according to another,
only vitrum blanchum I is original Venetian glass,>?
while vitrum blanchum II is glass produced in the
Venetian manner (2 facon de Venise), using low-
grade plant ash barilla from Spain.>*

In our previous publication on glass beads, we
pointed out that glass with a flux similar to vitrum
blanchum IT was also produced in the eastern parts
of Europe from Bulgaria, Mesopotamia, and the
areas around the Aral Sea.*> According to our sug-
gestion, the ash that we first identified as vitrum
blanchum II belongs to specific plants or plant
parts. We also showed a similarity between the
glasses produced in Banias in Israel during the
11%-13% ¢, with the vitrum blanchum I group.>
Because this area produced the finest plant ash
during Venetian glass making known as alume
catino,’” the candidates for vitrum blanchum II
are halophytic desert plants harvested deeper in
the interior.

The beads of halophytic glass are thus of ori-
ental origin and very likely reached our sites as
ready-made products. Several pieces of raw glass
and jewellery with the added glass ornaments also
suggest domestic glassmaking. The glass objects
were likely made from the available raw and re-
cycled glass, which mainly contained the older,
Roman natron glass.

30 De Raedt 2001, 125.

31 Smit et al. 2009b.

32 Smit et al. 2004.

33 Cagno et al. 2012b.

3 Cagno et al. 2012a, 1547-1548.
35 Smit et al. 2012, 11-12.

36 Smit et al. 2012, 12.

37 McCray 1998.
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ARCHAEOLOGICAL CLASSIFICATION
The premise

The analyses of selected beads from the early
medieval sites in Slovenia conducted in 2009-2016
identified natron glass in 85 samples and plant-ash
(halophytic) glass in 94 samples (App. A). Two types
of glass appearing simultaneously were a novelty
in Europe and were a result of the circumstances
in Mediterranean, Northern Africa and the Middle
East, which caused the production of raw glass to
change profoundly during the Early Middle Ages.

Glass mass is produced from three basic in-
gredients in such a way that the melting point of
the main ingredient, silica, is reduced by alkalis,
and oxides of alkaline earth metals are added for
chemical stability. Roughly between 800 BC and
AD 800, the alkaline flux known as natron was
harvested from dry lake beds of Ancient Egypt.*®
Natron glass was used in the Roman world and
then continued to be in use in Europe in the Late
Antiquity and Early Middle Ages. In the 7' c.,
however, political events in Egypt hindered ac-
cess to natron, so alkaline materials began to be
harvested from the ashes of halophytes, plants that
grow in coastal areas and deserts and tolerate high
salinity.*® Although in nature natron contains many
sodium compounds, it is chemically fairly clean;
thus, it is possible to distinguish between the two
types of glass on the basis of the amount of the
added magnesium and potassium compounds.*®

Glassmaking by adding plant ash was known in
the Bronze Age in Egypt, as well as Mesopotamia,
where it never died down.*! In the Early Middle
Ages, the production of plant-ash glass took root
and developed in the East, in places under Mus-
lim and Byzantine rule.*? It was likely from there
that in the second half of the 8 c. strings of both
mosaic eye beads and segmented and single beads
from drawn glass were coming to Europe through
various routes.*

These types of beads have also been found at
Slovenian sites (Fig. 9; PI. 1), and the PIXE-PIGE

38 Nenna, Picon, Vichy 2000.

3 Shortland et al. 2006.

40 Sayre 1961; Zucchiatti et al. 2007.

41 Rehren 2008.

2 Smit et al. 2012.
For the appearance of mosaic beads in the late 8™
c. cf. Callmer 1997, 199, P1. 16; Poche 2005, 60. For dating
to the second half of the 8™ c.: Ungerman 2005, 723-724;
Eichert 2010, 99-100; Ungerman 2016, 186.

analyses have shown they are made of plant-ash
glass (App. A). Because they are relatively numer-
ous, varied and wide-spread, they deserve a more
thorough review, while their presence on 21 sites
in very diverse archaeological contexts points to
certain chronological parameters, which will be
discussed later.

History of research

Mosaic eye beads (three of them have not been
analysed) and other beads of plant-ash (halophytic)
glass are known from 21 sites in Slovenia (Fig.
9).% The research history of this type of beads
consists of a period of collecting and a period of
study. The first period started in the late 19t c.
with stray beads (Fig. 10) found by the church of
Devica Marija na Polju near Bovec (H 1)* and
at Brdo in Bled (H 5). Collecting continued with
some success in the early 20" c. with archaeological
excavations of cemeteries Roje near Moravc¢e (H
14), Lajh in Kranj (H 10), Predtrg near Radov-
ljica (H 8) and Srednja vas v Bohinju (H 3). One
mosaic and one segmented bead were also found
in Ljubljana, in the territory of Roman Emona
(H 11). During 1946-1950, after a long gap, the
museum collections again acquired a number of
beads from excavations of large cemeteries at the
Ptuj Castle (H 18) and Pristava at Bled (H 4) and
a smaller cemetery in Turni$ce near Ptuj (H 17).
During the period of collecting, the mosaic beads
were briefly discussed among other finds in the
published excavation reports.*®

The period of wider and more intense study-
ing began in 1975 with the publication of the
fundamental research on distribution and dat-
ing of mosaic beads from the Carolingian era in
Europe by Andrae, which included several beads
from Slovenian sites (Roje near Moravée, Lajh in
Kranj, Predtrg near Radovljica).*’ The findings are

4 The PIXE-PIGE method was used on beads from
18 sites. The map (Fig. 9) and the catalogue of sites also
include three mosaic eye beads that have not been analysed,
namely from Bovec (missing), Roje near Moravce (kept in
Vienna) and An¢nikovo gradisc¢e near Juri$na vas.

4 H (halophytic glass) + no. = the consecutive number
of the find site of beads in the Catalogue of sites of mosaic
and other beads of plant-ash (halophytic) glass in Slovenia
(H). The numbering of sites is the same as in Fig. 9.

46 Smid 1908, 25; Korosec 1950, 79-84 Korosec, Korosec
1953, 220; Kastelic, Skerlj 1950, 35-36.

47 Andrae, 1973, 171, 174-175, nos. 77, 116, 120.
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discussed in detail by Pleterski in his publication
on the necklace from Predtrg near Radovljica
(H 7), where he is particularly critical about the
chronology of blue and green mosaic beads.*®

With the new finds at Przanj (H 12), Bela Cerkev
(H 15) and An¢nikovo gradisce near Jurisna vas (H
16) and the previously neglected find from Ljubljana
(H 11), the research interest turned to the typology
of mosaic beads.*’

In 2004, after the excavations at Gradi$c¢e above
Baselj (H 9) where a lot of many glass fragments
were recovered, archaeometry research also began for
early medieval glass. In 44 samples from Gradisce,
the PIXE-PIGE analysis identified natron glass,
while only two beads were made of plant-ash glass.*®

In 2009 and 2010, the PIXE-PIGE measure-
ments were extended to include beads from other
sites. The analyses showed beads of natron glass,
but also numerous beads of plant-ash glass, both
mosaic, and segmented and simple annular beads.
Some of these beads were often “hidden” within a
group of finds, with no recognized relations to the
beads from mosaic sets, and in the context of the
archaeological assemblage dated to the time before
the appearance of plant-ash glass in Europe.”! The
glass from Tonovcov grad near Kobarid (H 2) was
analysed separately; one of the beads was made
of plant-ash glass.®> To further the research of
chronological issues, the analyses were continued
in 2015 and 2016. Other beads of plant-ash glass
were recognized, namely from the sites of Zasip
(H 6), Smoku¢ (H 7), Sredi$ce ob Dravi (H 19),
Popava near Lipovci (H 20), and Murska Sobota
(H 21). All 179 measured samples of natron and
plant-ash (halophytic) glass are the basis of this

paper (App. A).

Mosaic and other beads of plant-ash
(halophytic) glass

On Slovenian sites, beads of plant-ash glass
were found in clusters or individually. On the
basis of their position in the graves, the clusters

48 Pleterski 1990, 487-488, 493-496.

49 Knific 2008.

50 Smit et al. 2009a; Smit et al. 2010. - Distinguishing
between natron and plant-ash (halophytic) glass in the 2004
analyses is clear, yet the numerical values are less accurate
than in later analyses and were, therefore, not included in
the table of analysed samples (App. A).

51 Smit et al. 2012.

>2 Smit et al. 2013.

are treated as necklaces (afterwards, the beads were
often strung together in an arbitrary order). Some
necklace strings consist of both mosaic eye beads
and segmented and simple annular beads, also
forming a separate group because they are made
of plant-ash glass (PL 1).>* The necklaces either
consist entirely of these beads or individual beads
of another origin were added to the original set, as
is the case with the necklaces from Predtrg near
Radovljica (PI. 6: 1) and Lajh in Kranj (PL 6: 2).>*
Judging from appearance alone, since it has not
been analysed with the PIXE-PIGE method, the
same is probably true of the necklace from Roje
near Moravce.”® With some hesitation, because the
strings do not contain mosaic eye beads, necklaces
from Smoku¢ (Pls. 4: 3; 5: 3), Turni$¢e near Ptuj
(PL 6:3,4) and the Ptuj Castle (Pl 6: 5) can also be
considered to be original sets. Very different from
these are necklaces that only contain a few beads
from the mosaic group; prevalent are beads from
far and wide, as well as fragments of glass vessels.
Such necklaces come from Pristava at Bled (Pls.
3:1; 4: 1; 5: 1,2) and Srednja vas v Bohinju (PIs.
4: 6; 5: 4). The string from Brdo in Bled (PI. 5: 5)
with a number of beads from the mosaic group is
probably made of beads from two (or more) graves.

Mosaic eye beads or millefiori (Mosaikaugen-
perlen) from the Slovenian sites are known in
seven type variants (Pl. I: 1-7). They have been
classified according to the MAP typology, con-
ceived by Andrae,>® but also compared against the
Scandinavian®’ and northern-German (the site of
Grof} Stromkendorf)®® bead typologies.

The bead from An¢nikovo gradi§¢e near Juri$na
vas (Pl 1: 1) has not been analysed with the PIXE-
PIGE method; nevertheless, its features correspond
to the MAP 0473 variant.>® The bead from Bela
Cerkev (Pl 1: 2) belongs to MAP 0121 or the

53 The beads and other artefacts on the plates (PIs.
1-6) are described in the catalogue of objects.

54 R. Andrae (1973, 103-104) classifies necklaces into
three types. In the case of the necklace from Predtrg near
Radovljica A. Pleterski (1990, 487) believes the beads
probably belong to its original set.

55 The photos of the necklace from Roje near Moravée
by Alice Schumaher and the data on the find were provided
by Dr Peter Stadler (Naturhistorisches Museum, Vienna).

56 Andrae 1973, 110-117, Taf. 1-5.

57 Callmer 1977; Callmer 1997.

58 Poche 2005.

5 Andrae 1973, Taf. 4: 0473.

60 Andrae 1973, Taf. 4: 0121.
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HO001°¢! or C 8%? type variants according to the
Scandinavian typology.

The bead from Ljubljana (PI. I: 3) is a variant of
MAP 0120. Two such beads were also recovered on
the near-by site of Przanj (H 12).%* The MAP 0120
type of beads was among the most common and
well-distributed in northern, central and eastern
Europe.®* This type of bead from Scandinavian
and Baltic sites is classified as group J001, which
includes several variants,% and as type M1 in the
case of the glass from Grof§ Strémkendorf.%¢

Mosaic beads from Anénikovo gradis¢e (Pl I:
1) and Przanj are individual finds from the early
medieval settlement level, while others (Pl 1I:
4-7) were found in graves together with various
beads, one in a set. The beads from Bela Cerkev
(PL 1:2) and Ljubljana (PI. I: 3) were discovered
during excavations, but the original context was
not identifiable.

Due to its flatness, a fairly angular bead from
Roje near Moravée (Pl I: 4) is classified among
the beads of the MAP 0450 variant.®” This is the
last one from the selection of beads that are pri-
marily green (Pl I: 1-4). Two beads (the MAP
1272 variant [Grof Stromkendorf: type M 2]
from Predtrg near Radovljica [Pl I: 6] and the
MAP 0772 variant from Lajh in Kranj [PL 1: 7])
are blue (the blue glass of the Predtrg bead only
survives in fragments), and contrary to the rear
bead from Roje belong to the two more numerous
groups of typological variants.® The bead from
Brdo in Bled (PI 1: 7) with no eyes belongs to the
beads of the MAP 0062 variant.”®

Mosaic eye beads were dated to ca 8007! - the
late 8t c. and first the half of the 9" ¢.”? Some

61 Callmer 1977, Cpl. 4: HOO1.

62 Callmer 1997, Pl. 16: C 8.

63 Knific 2008, 35-36.

64 Andrae 1973, 110-117, 179, Taf. 4: 0120, Liste 2,
Karte 6. The more recent map (Knific 2008, 36. Fig. 2)
should be updated, e.g. with the site of Auhof in Austria
(Tovornik 1986, 420-421, graves 75 and 81).

65 Callmer 1977, 54, 90, 99, Cpl. 4: J0O1.

%6 Pche 2005, 142143, Taf. 9: 11.

67 Andrae 1973, 175, no. 120; the bead is attributed
to the MAP 0410 variant, but because of its form, the
M 0450 is more likely.

%8 Poche 2005, 60.

% Andrae 1973, 179 (Liste 5, MAP 0450), 180 (Liste
8, MAP 0772), 181 (Liste 12, MAP 1272).

70 Cf. Andrae 1973, 110, 179, Taf. 4: 0061 (correctly
0062), Taf. 3: 62, Liste 1, MAP 0062, Karte 4.

71 Andrae 1973, 156.

72 Callmer 1997, 199. Pl. 16.

data now point to their earlier appearance in
Europe, as early as the second half of the 8" c.”?
It is generally accepted that they are Oriental in
origin and that their considerable influx was an
all-European phenomenon.”*

The strings with mosaic beads also contained
drawn segmented beads (Reihenperlen) and drawn
cut simple beads (Einfache Ziehperlen).”> The same
kind of beads were also components of necklaces
from Slovenian sites, the strings with and without
mosaic beads, while some beads are individual finds.
The PIXE-PIGE analyses have shown that they are
mostly made of plant-ash glass; the selection includes
the most typical beads (Pl 1: 11-41).7° Segmented
beads have up to five segments, the surface of the
dark blue ones is mostly rough and displays a dis-
tinct striated structure (Pl 1: 22-24,29,30,37,40).
Some others, the blue-green one (PI. 1: 27) and the
bright, golden-coloured segmented beads (PI. I:
25-27,32-34,39,41), have a smooth surface, because
the inner striated part is covered with a clear glass
coating, which gives the bead its glittering appear-
ance. Beads such as these were also a common and
well-distributed import from the East.”

In contrast to this selection of beads from Slo-
venian sites (Pl 1: 11-41), which correspond to
the sets of beads of Oriental origin elsewhere in
Europe, the beads from Pristava at Bled (PL I: 8),
Popava near Lipovci (PL 1: 9) and Murska Sobota
(Pl 1: 10) differ in their form, transparency of the
glass, and manufacturing technique; nevertheless,
they are all made of plant-ash (halophytic) glass.

Glass from Gradisc¢e above Baselj

The plant-ash glass discovered in Slovenia links
five different groups of archaeological finds. The
first group consists of the finds from hill-top
sites of the Carolingian era. Among them (in ad-
dition to Tonovcov grad near Kobarid [H 2] and
An¢nikovo gradi$ée near Juri$na vas [H 15; PI. 1: 1])
is Gradisce above Baselj (H 9), where numerous
glass fragments were found. In 2004, they were

73 On the history of researching mosaic beads: Unger-
man 2005, 723-724; Eichert 2010, 99-100.

74 Callmer 1997, 199; Péche 2005, 60.

75 Andrae 1973, 128-131, Taf. 6; Callmer 1997, 199,
Pl. 16.

76 Among the analysed monochrome segmented beads
only beads A 55 (Pl 3: 1/55; 5: 1/55) and A 113 (PL 5:
3/113) are made of natron glass.

77 Pdche, 2005, 54-56.
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analysed with the PIXE-PIGE method; the analyses
included glass from the late antiquity and early
medieval layers. Natron glass was identified in
42 samples and plant-ash glass in two samples.”®
Further analyses (A 41-45) of the glass extracted
by panning soil of the early medieval layer (marked
as layer 2) identified two more beads as plant-ash
glass. The early medieval layer at Gradisce contains
more natron glass: pins with glass heads, a large
barrel-shaped bead and chunks of raw glass (Fig.
12). Only the four annular beads (Fig. 13; PL I:
15) are made of plant-ash glass; the dark blue ones
are quite evidently made of drawn glass. This kind
of bead was common in sets with mosaic beads in
the first half of the 9h ¢.”

In the early medieval layer of the Gradisce site,
charred grains of wheat have survived; carbon dating
pinpoints the date to between 790 and 990 (95%
probability).®? The beads of plant-ash glass (Fig.
13), as well as other finds from the early medieval
layer (PIl. 2; descriptions in the catalogue of ob-
jects), can be placed within the same time frame.
The selected finds (besides a B 071 type bead®!
(Pl 2: 1) and five pins with heads of natron glass
(PL 1:2-6)%%) include a crotal bell (Pl 2: 7), a fire
striker (PI. 2: 10) and a belt-fitting (PL 2: 11); of
weaponry, an arrowhead (P 2: 12), a fighting knife
chape (PL. 2: 15) and parts of a Zavada-type sword
belt® (PL 2: 9,16,17); and of riding gear, a spur
(PL 2:19), a buckle (PL 2: 8), a clamp (Pl 2: 14)
and two strap-ends (PI. 2: 13,18) for fitting spurs,
as well as many fragments of pottery vessels made
on a slow wheel (Fig. 17: 1-3; Pl 2: 20-2). The
finds from layer 2 are only a small portion of the
finds from the Carolingian era at Gradi§c¢e;®* the
weaponry includes pommels of the type X swords,
whereas the metal pieces of equestrian and horse
equipment include stirrups,®® bridles, spurs and
cross-shaped strap dividers;% objects that were

78 Smit et al. 2009a, 122, Fig. 2. The two plant-ash
glass beads are from the early medieval layer.

79 Callmer 1997, 199, Pl. 16: B18,C4.

80 2 0, measurement no. Beta-199408 (Beta Analytic
Inc., Miami, Florida).

81 Callmer 1977, Cpl 2: B 0710.

82 Three pin-heads were analysed with the PIXE-PIGE
method in 2004.

83 Ungerman 2015, 263-267.

84 Bitenc Knific 2001, 96-101, Cat. Nos. 315-330; Karo
2012a; Karo Knific 2015a.

85 Karo 2004, 171-172, Cat. Nos. 5-7.

86 Karo, Knific 2015b.

also found at Gradi$ce as part of two hoards.?”
The parts of the equipment are superb products:
the iron artefacts are often tinned,3® whereas the
bronze ones are gilded. The iron pieces are typical
of the standard soldier-horseman equipment of
the 9 c. The gilded artefacts probably belonged
to someone of the highest rank.3° This would sug-
gest that Gradi$¢e was one of the more important
exposed places in Slovenian territory during the
Carolingian era.”

The beads of plant-ash glass (Fig. 13) fit the
context; however, the appearance of pins with
glass heads of natron glass is less clear. Only one
survived intact, with a sharpened end, and is un-
doubtedly a decorative pin (Fig. 12: 1; PL 2: 2).
No such pins are known from Slovenian sites; the
two pins of this size (up to 4 cm) found near the
pilgrim church of St. Hadrian in Zalavar, Hungary,
were hair-pins.’! The other four supposed pins
survive in part. Their heads were all made in such
a way, that the end of the iron wire was wound
with melted glass, which was then formed into
a little globe (Fig. 12: 2-5; PI. 2: 3-6). A similar
little globe of natron glass with an iron stub, pos-
sibly part of a pin, was found in the settlement at
Pristava at Bled (H 4; A 46).

Winding was also used to attach little glass
globes to bronze-wire earrings. Three pairs of such
earrings were found in grave 142 at Pristava (Fig.
14: 1-6). Glass could be attached to the neck of
the noose under the hoop of the partly fashioned
earring (Fig. 14: 5,6) and on pendants of bronze
chains (Fig. 14: 1,2) or tiny iron bars (Fig. 14:
3,4).%? In the first instance, the glass looks like a
hooked bead; in the second, like a hanging little
globe or a head on an upturned pin. According to
the PIXE-PIGE analysis, both samples are made
of natron glass (A 68, 69; Fig. 14: 1,6).

87 Knific 2010, 86, 91, P1. 3; Karo, Knific 2015b,
222-224, Fig. 5.

88 Karo, Knific, Mili¢ 2001.

89 Knific 2007.

%0 On hill-top sites from the Carolingian area in
Slovenia: S. Karo and T. Knific, Die frithmittelalterlichen
Militarfunde von Hohensiedlungen in Slowenien, Collection
of the meeting in Wildon, Vienna 2016, in prepartion. - A
historical perspective on the Carolingian era: Stih 2013.

o1 Sz8ke 2014, 104, Fig. 76.

92 Iron parts of bar-shaped pendants were originally
wrapped with a narrow, 2-mm wide copper band. One
of the iron bar-shaped pendants was probably accidently
attributed during/after the excavations to an earring with
chains (Fig. 14: 1, the pendant on the right).
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As stated, two kinds of glass were recovered
from the early medieval layers at Gradi$¢e. The
more common is natron glass (Fig. 12), made in the
Roman tradition, also found in untreated chunks
struck from raw glass,”® which could suggest lo-
cal domestic glass-working. Pin-heads, made in
the winding technique, are of natron glass. The
barrel-shaped bead, possibly from Italy** and with a
good parallel from the Carolingian era cemetery in
Kinderheim near Kallmiinz, Germany,”® was made
in the same way and consists of the same kind of
glass. The other kind of glass at Gradi$¢e above
Bagelj is plant-ash glass, used in drawn beads of
eastern origin (Fig. 13). In the context of the site,
both types of glass can be dated from the late 8t
to the first half of the 10t ¢.%®

There are many parallels for the military-
equestrian finds from Gradi$¢e above Baselj; some
of the artefacts are Carolingian in origin, others
were made under Carolingian influences. In the
settlements at Bojna, Slovakia,®” these types of
artefacts were found similarly clustered together;
more dispersed, yet numerous were such finds
in the territory alongside the SE border of the
Frankish Empire from the Adriatic,”® across the
western Pannonian Basin® to the upper Danube
region and further north.!%

Glass from the cemeteries
of the Gorenjska region

PIXE-PIGE analyses were also performed on the
glass from early medieval cemeteries in Gorenjska,
on necklace beads and various decorative jewel-
lery details. The finds from Pristava at Bled (H 4),
Smoku¢ (H 7), Srednja vas v Bohinju (H 3), and
Brdo in Bled (H 5) were chosen for the analysis. On
the first three sites, the glass was found in graves
together with other objects; the grave context for the

93 Besides the ones shown here (Fig. 12: 7-9), the early
medieval layer revealed three additional fragments of raw
glass (Knific, Nabergoj 2015, sl. 107).

94 Callmer 1977, 86-87.

%5 Stroh 1954, 20, Taf. 11: 14.

% For the oldest early medieval finds ¢f. Karo, Knific,
Lubisna Tusek 2011, 132-133, 137, 140; Karo 2012b, 449-450,
552; for the youngest (pommels of swords X) cf. paper by
S. Karo and T. Knific (in preparation), the title in fn. 90.

97 Pieta, Ruttkay 2006; Pieta 2015.

98 Milogevi¢ 2000; Jurcevié 2011, Petrinec, Juréevié 2015.

9 Sz8ke 2014.

100 profantova 2011; Tur¢an 2011.

finds from Brdo in Bled is unknown, because the
cemetery had been destroyed during sand digging.
Similarly, site data are scarce for the two necklaces
with mosaic beads (PI. 6: 1,2) found in Predtrg near
Radovljica (H 8) and Lajh in Kranj (H 10).

There are few necklaces from the early medieval
period; the strings are short, the largest number of
beads is of the necklace from grave 14 from Pris-
tava, made of assorted beads, also from the Roman
era, and fragments of glass vessels (Pls. 3: 1; 5: 1;
the description in the catalogue of objects). The
analysed beads are made of natron and plant-ash
glass (A 49-59). Six beads are of clear, light green
glass with bubbles, made in the winding technique;
the analysed bead is made of natron glass (Pl 3:
1/51). These beads are similar to the beads of a pair
of earrings from grave 142 from Pristava (Fig. 14:
5,6), as well as the beads from other wire earrings
from Pristava (Fig. 15: 2,4), Brdo in Bled (A 75;
Pl. 4: 11; earring Inv. No. § 2121) and Srednja vas
v Bohinju (Fig. 15: 10). The natron glass that was
used and the manner of production suggest the
same workshop. The same can be said for the wire
earrings with chain pendants from graves 142 (Fig.
14: 1,2) and 65 from Pristava (Fig. 15: 1; Pl 3: 17);
the analysed little globes at the end of the pendants
are made of natron glass. The light green natron
glass was also used for the decorative stone of the
ring from Pristava (Fig. 15: 6).

Also of natron glass are the green and blue
decorative stones of the ring from grave 14 from
Srednja vas v Bohinju (Fig. 15: 11); however, the
ring is probably from a later date, because it was
found with forged crescent earrings and temple rings
with segmented ends.!°! On Slovenian sites, the
light green translucent natron glass was also used
for the button and bead of the wire earring from
the cemetery at Camberk in Gorjanci hills (Fig. 15:
12,13).192 Rings with lozengiform expansion and a
pair of wire earrings connect Camberk to the find
sites in central Slovenia,'® whereas the parallels
for the glass button are somewhat more distant,
e.g. from the sites of Zalavar in Hungary'®* and
Bieclav-Pohansko in southern Czech Republic.!®

101 Korosec 1979, 106/1, T. 36: 4; 37: 2.

102 Bregeak 2002, 106-107, Abb. 4: 1; 6: 2; Kriz 2009,
367, nos. 35a, 36b.

103 Bregc¢ak 2002, 107-110, Abb. 5: 3 (grave 9); 6: 1-3
(grave 17).

104 S78ke 2014, 107, Fig. 73.

105 Ptichystalova, Stelcl, Vavra 2014, 44, 55-56, Figs.
8: 2 (grave JP/177); 9: 1 (grave JP/202).
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The PIXE-PIGE analyses also prove concurrent
use of both types of glass: the wire crescent ear-
ring from Brdo in Bled was made by using beads
of both natron and plant-ash glass as a decorative
detail (Fig. 15: 7). Grave 14 contained an earring
with a little globe of dark blue, probably recycled
plant-ash glass (Fig. 15: 5; PL. 3: 6) attached to the
wire pendant. Such globes are normally made of
natron glass, as is also the case with the earring
with a metal bead from Pristava (Fig. 15: 3). The
concurrent use of both types is also supported by
the finds from grave 65 in Pristava: in addition to
the globe of natron glass on the earring with chain
pendants (Pl 3: 17), the grave also contained a
fragment of an earring with a hooked segmented
bead of plant-ash glass (PI. 3: 25).10

In addition to the necklace and head jewellery,
grave 14 from Pristava also held a decorative brooch,
a ring with a lozengiform expansion, and a knife
(Pl. 3:10,12,15). The brooch is a quality item with
guilloche decoration in bronze sheath covering
a small iron plate. A similarly made decorative
brooch, decorated with pretzel-shaped impressions
arranged in a cross, was found in Smoku¢, grave
51,197 which also contained a silver temple ring
with a drawn cut dark blue bead from plant-ash
glass (Fig. 15: 9). A rectangular decorative brooch
made in the same manner was found in grave 18 in
Srednja vas v Bohinju, which also contained beads,
among them a three-segmented bead of plant-ash
glass, and two silver temple rings (Pl 4: 6-9). At
Brdo in Bled, two such decorative brooches were
found next to earrings (Pl 4: 10-14) and beads
(later strung together at the museum; Pl 5: 5):
a rectangular brooch decorated with an inlay of
blue natron glass (Fig. 15: 8; Pl. 4: 16) and a round
brooch decorated with an exceptional motif of a
centaur archer (PI. 4: 15).108

The jewellery from Brdo included a ring with
a lozengiform expansion (Fig. 4: 18), whereas in
grave 143 at Pristava a knife was found together
with three beads of plant-ash glass (Pl. 4: 1,2).
Knives were recovered from 23 graves at Pristava,

196 A good example for studying the concurrent use
of both kinds of glass with PIXE-PIGE analyses are the
finds from grave 1965_20256, discovered at the cemetery
by the parish church in Kranj (Pleterski, Stular, Belak 2016,
110-111). Besides a pair of wire earrings with beads of light
green glass with bubbles (5-10), the grave also contained
an earring with a hooked double-segmented bead of dark
blue striated glass (1).

107 Knific, Nabergoj 2015, 67, sl. 78 (lower right).

108 Kastelic 1962-1963; Premk 2014.

all of which (except one) lay within five rows of
the older part of the cemetery.!?

The last of the typical artefacts connected with
the findings of beads from mostly plant-ash striated
glass (Fig. 16; Pl. 4: 3) is an earring with a hanging
oblong metal bead from grave 2 in Smokué (Pl
4: 4). A pair of such earrings was found in grave
26/99 by the church of Sv. Peter in Komenda; the
grave is classified among the earliest graves in the
cemetery, which are dated from the end of the 7% to
the first half of the 8" c.110 A very similar earring
was found in Auhof near Perg, Upper Austria, in
grave 75, together with a necklace of mosaic, seg-
mented and simple beads of drawn glass.!!! Grave
2 from Smoku¢ also contained a simple earring
with a hooked finely segmented copper ring (PL
4: 5); such rings were placed under globular heads
of rivets, e.g. on metal parts of military equestrian
equipment such as the two sword-belt fittings from
Gradisce above Baselj (Pl 16: 16,17).

In connection with the mosaic, segmented and
simple beads identified as plant-ash glass by the
PIXE-PIGE analyses, a group of finds has come
into focus that is part of the older early medieval
archaeological material from the territory of Eastern
Alps.!? According to the former classification, this
group of finds with its recognizable style would be
categorized as Kottlach culture, or rather its earlier
part.!’3 The division of objects of the so-called
Kéttlach culture into an earlier and a later group was
suggested in 1961 by Korosec;!'!* it was confirmed by
a stratigraphic analysis of the cemetery at Pristava
at Bled.!!> In the extensive publication of her the-
sis, the author presented the earlier group of finds
from the territory of Eastern Alps as Carantanian
cultural group and dated it to the 7™ and 8™ c. (in
some cases the first half of the 9t ¢.).116

Further research into early medieval archaeologi-
cal material from the territory of Eastern Alps!!’
in effect did not change the original division of
the finds; typologically, the older set encompassed
roughly the same objects, but it was differently named
and dated: in Giesler as time groups Vor-Kottlach

109 Knific 1974, 319-320, Plan 4.

110 Sagadin 2013, 284, T. 6A: 1,2.

U1 Tovornik 1986, 420, Taf. 10: 7.

12 Giesler 2002, Eichert 2010, Pleterski 2013.

113 Vinski 1969, 632.

14 Korosec 1961.

115 Knific 1974.

116 Korosec 1979, 55-91/1; 305/1.

117 Review of the research: Pleterski 2013, 300-301;
Ungerman 2016, 184-189.
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(late 8" and first half of the 9t ¢.) and Kottlach
I (second half of the 9t and first half of the 10t
¢.),18 and in Eichert, for the finds from Kirnten,
as groups B (740-830) and CI (780-830).!!° Both
chronological research studies include mosaic, as
well as drawn segmented and drawn cut beads,
in both cases as the leading objects of the oldest
groups Vor-Kottlach'?® and Gruppe B.'?! For the
group of pre-Koéttlach finds, an earlier dating (to
the second half of the 8™ ¢.) is now accepted, also
on the basis of the earlier dating of mosaic beads.!??

In Slovenia, the finds from the early medieval
cemetery at Pristava at Bled are also divided into two
main groups.'?? This division matches the division
of material culture in the territory of Carantania
as suggested by Korosec.!?* The only difference is
the dates of finds, since the earliest date for the
finds from Bled was the last third of the 7 c. In
Pristava, they were dated based on the presence of
the round decorative brooches with an iron core
covered by a bronze sheath and adorned with vari-
ous impressed motifs, e.g. braids (Pl 3: 10), and
in Brdo on the presence of the centaur archer (PL
4: 15).12° Similarly made and decorated brooches
were prevalent in the late 7" and early 8" c. along
the upper Danube and in Rhineland,'?® and could
have come to Bled from there. This early date was
also probable for wire earrings with glass beads
on chains hanging from three or more loops on
the hoop (PL 3: 2,5,6,16,17). We were looking for
the models for these earrings among gold earrings
popular in the Byzantine Mediterranean in the
7% c., which were found as part of the rich hoard
at Kyrenia on Cyprus, as well as on the island of
Chios and in Egypt.!?’

The references for dating the cemetery at Pristava
were pieces of jewellery like the ones in grave 14

118 Giesler 1980, 86-87, Abb. 1, 2; Giesler 2002, 402,
Abb. 22: 1-26.

119 Eichert 2010, 166-168, Abb. 45, 46.

120 Giesler 1980, 86, Abb. 1: 9,10.

121 Eichert 2010, 166, Abb. 45.

122 Ungerman 2016, 186, 188.

123 Knific 1974; Knific 2004, 98-100.

124 Korosec 1970-1971; Korosec 1979.

125 Knific 2004, 98-99, sl. 12: 5,6; 13: 1-3; Knific,
Mlinar 2014, 453-454, Fig. 9: 1-3.

126 Klein-Pfeuffer 1993, 45-54, 223-224.

127 Knific 2004, 99. Cf. Dalton 1961, 542, Fig. 327;
Bierbrauer 1987, 157, Abb. 26. For the gold earring from
Assitt in Egypt cf. Wamser 2004, 301, Cat. No. 498. — Szbke
(1992, 855) recognizes the same objects as the models for
the territory of the Eastern Alps; similarly on the subject
Ungerman (2016, 206-207).
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(PL 3:1-15). The glass beads were not considered,
because there were no identifiable mosaic eye
beads among them. However, since the PIXE-
PIGE analyses have determined that the regular
sets of mosaic, segmented and simple annular
beads were made of plant-ash glass, the presence
of such beads in graves has become crucial as a
dating method. If the time of their appearance in
Europe in the late 8t c. or the second half of the
8th c. is reliable (cf. chapter Mosaic and other beads
from the plant-ash glass), then grave groups, e.g.
the finds from graves 14 and 65 (PI. 3), cannot
serve as proof for the suggested early dating of
the cemetery in Pristava.

The same is true for the early dating of several
other graves, e.g. grave 18 from Srednja vas v
Bohinju (Pl 4: 6-9), and artefacts like the cres-
cent wire earring from Brdo in Bled (Fig. 15: 7).
Also, the earring with an oblong metal bead from
Smokuc (PI. 4: 4) was worn later than the similar
pair of earrings from Komenda.!?8

With the identification of beads of plant-ash glass,
the early dating of the Carantanian cultural group,
which according to Korosec included the older part
of the early medieval finds from the territory of
the Eastern Alps, has also become unreliable. The
dating to the 7 c. is, therefore, rejected and only
the first half of the 8" c. becomes acceptable. The
plant-ash glass in the graves of Bled, Smoku¢, and
Srednja vas indicates that the dead were buried in
the second half of the 8" c. or later. Graves with
beads made of plant-ash glass contained earrings
with chains and an oblong metal bead, which
are both classified within the Vor-Koéttlach time
group.'?® According to the classification system
suggested for head jewellery by Pleterski, the wire
earring with chains from grave 15 from Zale near
Zasip (labelled as type NO0250_0201) is dated in
the reference table to the end of the 8" and the
beginning of the 9™ ¢.13 The PIXE-PIGE analysis
has shown that one of the beads in the grave was
made of plant-ash glass (A 89; PL 1: 33). All this
points to the second half of the 8t c. and later.

A point must be made, however, that certain
grave objects can be older in origin than the beads
of plant-ash glass. Also, some of the dead could
have been buried before the appearance of mosaic
beads. This casts doubt on roughly equating the
dates of mosaic beads and the dates of other finds

128 Sagadin 2013, 259-260, 284, T. 6A: 1,2.
129 Giesler 1980, 86, Abb. 1: 4,7.
130 Pleterski 2013, 334, Fig. 16.
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from the pre-Kottlach groups - as is the case in
both the late Vor-Koéttlach group and the earlier
Gruppe B. The equation of the dates would suggest
that the mosaic beads were present already during
the making and formation of the early medieval
material culture in the territory of the Eastern
Alps (previously called the Kottlach culture). This
would obscure the concept of “import”, ascribed
to the mosaic beads; however, the appearance
of plant-ash glass in Europe is a novelty, which
cannot be overlooked. The question nonetheless
remains whether archaeology is capable of estab-
lishing more precisely the arrival of the products
of plant-ash glass also as a temporal marker within
the archaeological chronology of Europe. The
sites of the so-called Carantanian cultural group
in Slovenia seem to be an important source of
research in this direction.

Beads in graves with pottery

The third group of finds with analysed glass
comes from skeletal graves with pottery. Cem-
eteries with this type of graves have mainly been
discovered in eastern Slovenia and are dated partly
to the 8" and predominantly to the 9 c.!3! Indi-
vidual graves with pottery have also been found
in central Slovenia, mainly in cemeteries largely
containing finds from the so-called Carantanian
and Kottlach cultural groups.!3* The pottery in the
graves is relatively unified; it is mostly pots with
an everted rim, made on a slow wheel.!*? Glass
beads are a rare find in graves with pottery; the
exception is the cemetery in Turni$ce near Ptuj (H
17), where six of the 27 graves contained beads.

From this site, the beads from graves 10 and 14
(Pl. 6: 3,4; descriptions in the catalogue of objects)
have been analysed. There are no mosaic eye beads
among the necklace beads, segmented beads are
rare, and most are simple annular beads. Almost
all are made of striated glass; the analysed beads
are of plant-ash glass (A 135-140). In grave 10,
roughly the same number of annular blue and
yellow beads and just one segmented bead prob-
ably point to the original necklace composition

131 Ciglenecki, Knific 1979, 478.

132 Korosec (1979, 32-55) merged the finds from graves
with pottery into a cultural group with pottery.

133 Knific 2002, 127-128; new sites of graves with pot-
tery (supplement to Abb. 1): Dolsko near Ljubljana (Klasinc
2008), Nova tabla near Murska Sobota (Gustin 2008).

(Pls. 1: 365 6: 3), while the necklace from grave 14
seems somewhat upgraded with possibly a large
blue bead of glass with bubbles and two tiny white
beads with blue dots (Pl 6: 4), which, as a rule,
do not appear in sets with mosaic beads.

Similar necklaces appear in other graves from
Turnisce; the only bead that stands out is a golden-
brown egg-shaped bead from grave 28.1** With its
size (length 1.5cm, diameter 1.0cm), form, the thin
coat and the manufacturing technique of blowing
and drawing it corresponds to the bead from grave
4 at Na plesi, Murska Sobota, made of plant-ash
glass (A 168; Pl 1:10).

There are few other finds in Turni$ce graves
with beads; besides pottery pots, e.g. the two
examples in graves 10 (Fig. 17: 9) and 14, also
earrings (graves 14 and 22)!*° and bird or chicken
bones (graves 9 and 22).1%¢ Chicken bones were
also found in the grave with beads of plant-ash
glass in Smoku¢ (H 7; Pl 5: 3). Laying chickens
into a grave was customary elsewhere, as well; in
Auhof near Perg, Upper Austria, their bones were
also found in graves with mosaic beads.!?’

In other cemeteries with pottery in NE Slovenia,
no beads of plant-ash glass have been found in
graves containing pottery vessels. At the Ptuj Castle
(H 18), where pots were added to three graves,!3®
a necklace similar to the one from Turni$¢e was
found in grave 367 (A 141-144; PI. 6: 5) together
with a pair of silver earrings, similar to Byzantine/
Oriental earrings from the sites from the Great
Moravia era.!® The necklace from the Ptuj grave
339 is made of similar beads;'*? however, the beads
have not been analysed.

Another possible find site of plant-ash glass is
Brezje above Zrece; during 1954-1955, eight early
medieval graves were discovered next to the late
Roman graves, and five of them contained pottery
pots (three of these also chicken bones).!*! The
only finds in grave 23 were two dark blue three-

134 Korosec, Korodec 1953, 210, sl. 35; Bitenc, Knific
2001, 86, Cat. No. 277 (upper left).

135 Earrings are among more common finds in Turni$ce:
Korosec, Korosec 1953, 216-221; Bitenc, Knific 2001, 86,
Cat. No. 276.

136 Korosec, Korosec 1953, 227-228.

137 Tovornik 1986, 421 (grave 81), 425 (grave 114),
429-431.

138 Graves 255, 294 and 299: Korosec 1999, 43-44,
Taf. 30, 33.

139 Dostal 1996, 35, obr. 8: 8-14.

140 Korosec 1999, 51, Taf. 35: 16.

141 Pahi¢ 1969; Knific 2002, 122-123.
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segmented beads of striated glass,!*?> comparable

by sight to the beads of plant-ash glass from other
sites, e.g. Pristava at Bled (Pl 1: 28), Predtrg near
Radovljica (PI. 1: 29) and Smoku¢ (PI. 5:3/118). The
graves from Brezje are dated to the second half or
the end of the 8™ and the first half of the 9t ¢.143

Many beads of plant-ash glass have been found
in the cemetery Na plesi in Murska Sobota (H 21).
The data regarding correlations between beads
and pottery in the graves of the newly discovered
site have not yet been published. Beads from four
graves (A 162-174) have been analysed; except for
the one shaped like a melon (A 164), they are all
made of plant-ash glass. Segmented and drawn cut
beads are made of striated glass, some have a shiny
coating (PI 1:28,32,34). An exception is the egg-
shaped bead from grave 4 (A 168; PI. 1: 10), already
mentioned in connection to the similar bead from
Turnisce. Grave 4 also contained another similar
egg-shaped bead of olive green plant-ash glass,
which survives only in part (A 166).!%* Similar
blown beads have been found at the sites of the
older Great Moravia horizon, as well as along the
upper Danube and in western Pannonia.!*> The
beads discovered in the cemetery by the church
of the Virgin Mary in Zalavar, consecrated on
24" January 850, are dated to no later than the
end of the 9t ¢.146

In central Slovenia, the group comprises graves
from Brdo in Bled (H 5), Roje near Morav¢e (H
14) and Dolsko near Ljubljana (H 13). Because the
cemetery at Brdo was destroyed, the correlations
between the mosaic beads (Pl 5: 5) and pottery
(Fig. 17: 8; PI. 4: 20) are only indicated, yet the
time-line corresponds to the other finds from the
site: the jewellery (cf. the chapter Glass from the
cemeteries of the Gorenjska region) and a key of an
early shape (PL 4: 19).147 For the site of Roje near
Morav¢e, these correlations are not known; they are,
however, clear in the case of the double grave with
pottery from Dolsko near Ljubljana. The beads by

142 Pahi¢ 1969, 240, 254, 296, T. 6: 3; Bitenc, Knific
2001, 87, Cat. No. 279.

143 Pahic¢ 1969, 270.

144 A third of the egg-shaped blown bead survives.
The coating is thin with a nipple (a fault in production or
decoration?) The length of the surviving part is 0.95cm,
diameter 1.1cm, thickness of the coating 0.1cm, width of
the oval hole up to 0.3cm.

145 Ungerman 2005, 728-729, obr. 5: 6.

146 Sz8ke 2014, 66, Fig. 32 (necklace at the top).

147 Bitenc, Knific 2015, 159-160, 168 (Cat. No. 25),
sl. 9: 1.

a child’s skeleton suggest the original composition
(PI. 1: 14,25,26); the analysed beads are of plant-ash
glass (A 128-131). As the most likely dates, carbon
dating of the charred wood suggests either 772-890
(87.8% probability) or 809-887 (62.2%).143

Glass from lowland settlements

Glass finds from lowland settlements are rare;
glass from four sites was analysed. From Przanj
in Ljubljana (H 12), plant-ash glass was identified
in two mosaic beads of the MAP 120 variant (A
12-22) and a double-segmented coated bead (A
24, 25; PI. 1: 27). The carbon dating of the coal
from a settlement pit, where one of the mosaic
beads was found, has shown 2 ¢ dating between
the years 535-678 (81.1% probability), which is
a good hundred years earlier than the generally
accepted dating for mosaic beads.!*® An analysed
little globe from the settlement of Pristava at Bled
(H 4) is of natron glass (A 46); with its broken-off
iron-wire stub it is a perfect parallel to the glass-
head pins from Gradisc¢e above Baselj.

In the last two decades, the early medieval
Pomurje region has revealed a vivid archaeological
landscape. Besides the finds from the cemetery of
Na plesi in Murska Sobota (cf. chapter Beads in
graves with pottery), the glass from the Pomurje
settlement sites of Nova tabla near Murska Sobota
and Popava near Lipovci (H 20) has also been
analysed. The glass comes from dwellings; the ten
analysed samples from Nova tabla are all made
of natron glass (A 146-155) and probably belong
to the early settlement period. This matches the
findings of comparative studies on pottery and the
numerous carbon datings, which have shown an
intense settlement pattern from the late 6" to the
late 8" c. and its subsequent decline in the 9t ¢.15°

The same could be ventured for the glass from
the settlement pits at the site of Popava 1 (H 20):
the PIXE-PIGE analyses have identified natron
glass in four of the beads (A 156, 158-161), and
plant-ash glass in just one: a long cylindrical
yellow-brown bead (A 157; Pl 1: 9). There are no
known parallels for the bead; the pit contained
only fragments of pottery vessels (Fig. 17: 4-7)
decorated with wavy lines made with a comb.
One had its rim decorated with incisions, which

148 Klasinc 2008.
149 Knific 2008, 36.
150 Gustin, Tiefengraber 2002; Pavlovi¢ 2012.
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is relatively common for the early medieval pot-
tery decoration.!®! On the basis of the finds and
carbon dating, the settlement at Popava is dated
from the end of the 6™ to the beginning of the 9™
c. The plant-ash bead, therefore, would have come
from the last period of its existence.

Another bead should be added to the glass from
Popava: it comes from cremated grave 9, one of
11 cremated graves discovered in the territory of
the Popava 2 settlement. The cremation cemetery
is dated from the end of the 7 to the early 9th
c.152 The clear light green bead (length 0.82cm,
diameter 0.5cm) from grave 3 is of natron glass.
It belongs to the small collection of glass finds
from Pomurje, which mainly contains natron glass,
probably from the first centuries of the colonisa-
tion of the western fringes of Pannonian Basin in
the Early Middle Ages.

Beads from the cemeteries
of the Bijelo Brdo culture

The last archaeological group with analysed glass
belongs to the Bijelo Brdo culture.!>® It mainly
contains finds from the NE Slovenian cemeteries,
the largest of which is at the Ptuj Castle (H 18).
One of the cemeteries lies near Sredi$¢e ob Dravi
(H 19), where glass beads from two necklaces and
a number of individual beads were found. Four of
the beads have been analysed (A 175-178): three
globular beads with lined holes (Pl 1: 18) are of
plant-ash glass. Similar beads were found in Sredisce
in grave 54,'°* even more at the Ptuj Castle (these
beads have not been analysed).!>> Within the context
of the Bijelo Brdo culture chronology, the beads
from Ptuj together with other grave finds belong
to the second half of the 10™ and first half of the
11th ¢.156 The dates correspond to the dating of
these beads of Eastern origin in Scandinavia and
the Baltic region.!>” The research of the Bijelo Brdo
glass from Slovenia has only just begun; the PIXE-
PIGE analyses may reveal new forms of plant-ash
glass beads, and probably the gradual prevailing
of plant-ash glass over natron glass.

151 Savel, Karo 2012, 30-31, 62, 67, sl. 42: G 1243.

152 Savel, Knific 2013, 68-69, no. 23 (PM, Inv. No. 12477).

153 On the name Bijelo Brdo culture: Demo 2009, 552.

154 Knific, Tomani¢ Jevremov 2005, 171, sl. 5: 14.

155 Korosec 1999, 61-62 (necklaces in graves 77, 181,
192, 222, 287).

156 Giesler 1981, 131, Taf. 53.

157 Callmer 1997, 200, P1. 18A: 23.

CONCLUSIONS

The results of the archaecometry research ex-
amined in this paper can be summarized in the
following findings:

1. The research of the glass from early medieval
archaeological sites in Slovenia has established it
was made either in the Roman tradition, as natron
glass, or with the ashes of plants growing in saline
conditions (halophytes), which is typical of the glass
of Eastern origin, which began to spread across
Europe in the second half of the 8t c.

2. The physical analyses with the combined
PIXE-PIGE method, performed in 2009-2016
on 179 samples from 25 Slovenian sites, have
shown natron glass in 85 samples and plant-ash
(halophytic) glass in 94 samples. The glass with
the MgO content below 1.6% has been classified
as natron glass, and with a higher percentage of
MgO as plant-ash glass.

3. Mainly glass beads were chosen for the PIXE-
PIGE analysis and only a few decorative inlays,
chunks of raw glass and fragments of glass. Several
types of natron glass were identified (Levantine
I and II, Egypt II, HIMT, Foy 2-4). Natron glass
beads are mainly made with the winding technique:
the glass is clear, with bubbles.

4. Plant-ash glass has been identified in both
mosaic eye beads and segmented and single-cut
beads; the former were made in mosaic technique,
the latter two are drawn beads. Segmented and
simple beads have a coat of opaque and striated
glass, often with a coating. Sets with mosaic eye
beads are dated in Europe to the second half of
the 8" and the first half of the 9 c.

5. Analysed beads come from five archaeologi-
cal settings: from hill-top sites, the cemeteries of
the so-called Carantanian cultural group, the
cemeteries with pottery, lowland settlements, and
the cemeteries of the Bijelo Brdo culture.

6. From the assemblage of finds from the hill-
top sites, the glass from Gradis¢e above Baselj
is presented, where many pieces of weaponry,
equestrian equipment and horse harness have been
found, including gilded artefacts, typical of the at-
tire of Carolingian elites. The majority of glass at
the site is natron, including chunks of raw glass,
which would suggest local domestic glass-working.
Some beads are of plant-ash glass, which supports
the dating of the site from the late 8t to the first
half of the 10t c.

7. The analysed glass products of the so-called
Carantanian cultural group are typically made
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of natron glass; in Gorenjska, it is used in beads
and decorative details on jewellery, particularly
on wire earrings. The presence of such jewellery
in graves next to the products of plant-ash glass
(even as part of the same artefacts) is proof that
both kinds of glass were used concurrently. The
presence of plant-ash glass is key for a different
chronological placement of the grave groups (e.g.
from Pristava at Bled) dated to before the second
half of the 8t c., or rather for clarification of the
earlier dates for the so-called Carantanian cultural
group (the 7" and 8™ c.).

8. The necklaces from skeletal graves that con-
tained pottery (or chicken bones) mainly consist
of simple annular and segmented beads of striated
plant-ash glass. Cemeteries where such burials
were common (e.g. Turni§ce near Ptuj) have been
discovered in eastern Slovenia, while individual
graves have also been found in central Slovenia.
The dates for the graves for the main part (second
half of the 8% and first half of the 9" ¢.) correspond
with the dates of the mosaic beads and their sets.

9. The glass from four lowland settlements (i.e.
the fourth group of finds) has been analysed. The
only two mosaic eye beads have been found at the
settlement at Przanj in Ljubljana. The majority
of lowland settlements have been discovered in
NE Slovenia; particularly in Pomurje, they were
clustered together. The bead from the cremated
cemetery in Popava has also been analysed. The
glass from Pomurje is mainly natron, only one plant-
ash glass bead has been found. This corresponds
to the prevalent early dates of these settlements
determined by carbon dating (from the late 6™ to
the first half of the 9t ¢.).

10. The last archaeological group belongs to the
Bijelo Brdo culture and consists of finds from cem-
eteries in NE Slovenia. Some beads from Sredis¢e
ob Dravi have been analysed; three of them are
of plant-ash glass. A lot of necklaces with similar
beads were found at the cemetery at the Ptuj Cas-
tle. Within the chronological scheme of the Bijelo
Brdo culture, such beads belong among the finds
from the second half of the 10*" and the first half
of the 11t c. Additional PIXE-PIGE analyses could
discover the hitherto unknown types of plant-ash
glass beads and confirm the premise of the gradual
prevailing of plant-ash glass over natron glass.

11. Besides the assortment of beads from mo-
saic sets, the PIXE-PIGE analyses have also been
building up a collection of data on beads which
are different in form, but also made of plant-ash
glass. The great number of beads and their wide

distribution reveal that plant-ash glass establishes a
recognizable archaeological layer, which separates
and links the finds from the five early medieval
groups. The finds can either be earlier than the
arrival of plant-ash glass beads, simultaneous with
their advancement or following the main stream,
which enveloped Europe probably in the second
half of the 8t and first half of the 9" c. The pres-
ence of plant-ash (halophytic) glass is an important
fact for the chronology of the archaeological Early
Middle Ages in Slovenia.
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THE CATALOGUE OF SITES

H: Mosaic eye beads and other beads of plant-ash
(halophytic) glass in Slovenia (Fig. 9):

H 1. Devica Marija na polju near Bovec

Analysed samples: -.

In 1884 (or earlier) a skeletal grave with a necklace was
excavated by the church of Devica Marija na polju near
Bovec. The find went into a private collection, where it
was seen in 1887 by archaeologist Szombathy, who wrote
about it in his travel journal (Fig. 10).!°8 He mentions yellow
and blue 6-mm doughnut-shaped beads and a cylindrical
mosaic eye bead. The beads are now missing, however,
from the description and a sketch in his journal, it has been
possible to partly reconstruct the mosaic bead.'>® In terms

158 A manuscript notebook 89, p. 62. The original is kept
by the archives of the Natural History Museum in Vienna
under the title of Tagebiicher, Biichlein 89, Palethnologische
Excursionen 1884-1887. The copy is kept in the archives of
the Institut za arheologijo ZRC SAZU, Ljubljana.

159 Svoljsak 2002, 268, 274, 277, Figs. 2 and 4 (colour
reconstruction of the mosaic bead). The suggested clas-
sification of the mosaic bead as the MAP 1271 type variant
is uncertain, because the design of the eye is unknown.
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of the MAP typology,'® the bead has a typical sequence
of blue-white-red-yellow-red-white-blue stripes (pattern
1), form and singular arrangement of eyes between the
two bands of stripes (variant 71). For a full classification
of the bead, the pattern of the decorative eye is missing.

H 2. Tonovcov grad near Kobarid

During the archaeological research of the Late Antique
hill-top settlement at Tonovcev grad in 1993-2006, a lot
of glass was found, mainly shards of vessels and frag-
ments of windowsills.!®! Glass beads were scarce, necklace
beads, including beads from striated glass, were found in
grave 3.192 According to PIXE-PIGE analysis, one bead
from Tonovcov grad was made of plant-ash glass,'®* i.e. a
quadruple-segmented blue bead from the early medieval
layer in building 1.1%4

H 3. Zale near Srednja vas v Bohinju

Analysed samples: A 119-125.

In 1907, 23 skeletal graves were excavated in the fallow
field of Zale near Srednja vas v Bohinju. The finds, mainly
jewellery, are classified as part of the Carantanian and
Kéttlach cultural groups.'®> A child’s grave (18) contained
a decorative brooch and temple rings, as well as necklace
glass beads (PL 4: 6-9).1% The analyses (A 121-124) have
shown that the dark blue triple-segmented bead is made
of plant-ash glass (A 122; Pls. 4: 6/122; 5: 4/122).

H 4. Pristava at Bled

Analysed samples: A 46-74.

During excavations in 1948-1951, 233 skeletal graves
from the Early Middle Ages were discovered in the fallow
field of Pristava under the Bled Castle. In graves contain-
ing objects of the Carantanian group, glass beads!®” were
also found; the analyses (A 47-75) have identified beads
of natron glass, as well as several beads of plant-ash glass.
Of the latter kind are some of the necklace beads from
graves 14 (A 52-54; Pls. 1: 24,29,31; 3: 1/52-54; 5: 1/52-54)
and 143 (A 71-73; Pls. 1: 8,35,39; 4: 1/71-73; 5: 2/71-73),
while grave 65 contained a dark blue double-segmented
bead, hooked onto a temple ring (A 63; PI. 3: 25). Also of
plant-ash glass was the bead of the pendant on an earring
from grave 14 (A 48; Fig. 15: 5; Pl. 3: 6). The remains of an
early medieval settlement were found near the cemetery;

According to the sketch in the journal, the bead was ca
2.5cm long and had lcm in diameter.

160 Andrae 1973, 110-117, Taf. 1-5.

161 Milavec 2011b and 2015.

162 Milavec 2011a, 71-73, Fig. 2.13.

163 Smit et al. 2013, 54, Table 1 (no. 22304).

164 Milavec 2011a, 34, Fig. 2.3: 7, PL. 4: 10.

165 Both terms, suggested by Korogec (1979), are used
here only as designations of recognizable groups of finds
among the early medieval archaeological material from the
territory of the Eastern Alps. From now on: Carantanian
group or Kéttlach group.

166 Smid 1908, 21, 25, Taf. 2: 29; Korosec 1979, 76/1,
17/11, T. 15: 3c,d.

167 Kastelic, Skerlj 1950, 35-36, Fig. 17; Korosec 1979,
65/1, 72/1, 13/11, 15/11; T. 8: 5,11; 14: 2b-g; 154: 5.

among the finds from the settlement was a small globe
(diameter 0.8cm) of clear bluish natron glass (A 46) with
an iron-wire stub, possibly part of a pin.'®®

H 5. Brdo in Bled

Analysed samples: A 75-87.

During the earthworks in 1894, 100 to 150 skeletal
graves were disturbed in the fallow field of Brdo, east of
the village Grad. The finds belonging to the Carantanian
group survive only in part, with no detailed site informa-
tion. At the top of a natural mound, where the finds were
more numerous, two clay pots were discovered (Fig. 17: 8;
PI. 4: 20; the other pot is missing), and on its south rim, in
at least two of the graves, glass beads were found,'®® which
are now strung together (PL 5: 5). The analyses (A 79-87)
have identified natron glass beads, as well as some beads
of plant-ash glass (Pl 5: 5/81,82,85-87), among them a
mosaic cylindrical bead (MAP 0062) with a typical pattern
of stripes (PL. 1: 7). One of the three decorative beads on a
wire earring (A 78; Fig. 15: 7/78) is also of plant-ash glass.

H 6. Zasip

Analysed samples: A 89-91.

In the fallow field of Zale, a cemetery with 55 skeletal
graves was researched in 1985-1987. In 20 graves, small
finds were discovered: mostly jewellery belonging to the
Carantanian and Koéttlach groups and some utility items,
among them a pottery pot. In grave 15, necklace glass
beads!”® were found; among them a golden-yellow triple-
segmented bead, analysed as plant-ash glass (A 89; PI. 1: 33).

H 7. Smokuc¢

Analysed samples: A 99-118.

After 1934, skeletal graves were found several times
in the central part of the village. The archaeological
research in 2003 and 2004 revealed they were part of a
large cemetery. Another 76 graves were discovered at the
time; some were from the late Roman era, while most were
from the Early Middle Ages.!”! The finds from the early
medieval graves, particularly jewellery, are typical of the
Carantanian and Koéttlach groups. A grave with a pottery
pot was also excavated, in the part of the cemetery where
two such graves had been known from before.!”? Two
graves contained a glass bead necklace: in grave 2 it lay
together with jewellery from the Carantanian group (Fig.
16; Pl. 4: 3), while in grave 60 chicken bones were also
found next to the necklace (Pl 5: 3).!7> The analyses of
selected beads from both necklaces have shown, they are
made of natron glass (grave 2: A 103,104,106; grave 60: A
112-114) and plant-ash glass (grave 2: A 99-102,105, PL

168 Belak, Pleterski, Knific 2008, 180, Taf. 29: 20 (sup-
posedly the little globe of an earring with chains).

169 Miillner 1894, 14; Smid 1908, 32, Taf. 2: 30; Korosec
1979, 11/1, 61/11, T. 2: 14,15.

170 Knific, Pleterski 1993, 244-245, Abb. 17, Taf. 4:
15/4-63 (the triple-segmented bead of plant-ash glass is
drawn on Taf. 4: 15/35).

171 Sagadin, Svoljsak 2000-2004.

172 Knific 2002, 118-119; Knific, Nabergoj 2016, 71, sl. 83.

173 Knific, Nabergoj 2016, 71, s1. 83 (NMS, Inv. No. $ 5609).
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1:13,22; grave 60: A 110,111,115-118; PI 1: 11,41). Grave
51 with jewellery of the Carantanian group also contained
a bead of plant-ash glass, hooked onto a temple ring (A
110; Fig. 15: 9). The samples of beads from the late Roman
grave 8 are of natron glass (A 107-109).

H 8. Predtrg near Radovljica

Analysed samples: A 92-98.

In 1906, eight skeletal graves were excavated at Sandrova
polica in Predtrg near Radovljica. Two contained grave
goods; one an iron knife and a pottery pot, and the other
(grave 6) an iron knife and necklace glass beads (PI. 6:
1).174 The analyses have shown that most of the selected
beads are of plant-ash glass (PL 6: 1/92,94-98), including
the mosaic eye bead of the MAP 1272 type (A 94; Pl I:
5).17> Among the analysed samples only a green tubular
bead is made of natron glass (A 93; Pl 6: 1/93).

H 9. Gradis¢e above Baselj

Analysed samples: A 41-45.

Minor archaeological excavations took place at Gradisce
in 1939, 1998 and 2015. Ruins of a Late Antique settlement
(5™ and 6™ c.) were discovered, covered by a black layer
thoroughly mixed with coal fragments and containing
numerous early medieval finds, dated from the second
half of the 8 to the first half of the 10" c. In 1998 a lot
of metal artefacts (Pl. 2: 7-19) were discovered in the
layer, particularly equestrian equipment typical of the
Carolingian era,'”® many fragments of pottery (Fig. 17:
1-3; P 2: 20-22) and several glass products (Pl 2: 1-6)
and chunks of raw glass (Fig. 12: 7-9). The analyses from
2004!77 and 2010 (A 41-45) have shown the prevalence
of natron glass (Fig. 12); with only four beads made of
plant-ash glass (Fig. 13; Pl 1: 15).

H 10. Lajh in Kranj

Analysed samples: A 26-38.

During 1898-1905 and 2004-2010, 720 skeletal graves
from the late 5% to the early 7 c. were discovered in the
fallow field of Lajh below Kranj. Grave 57 stands out with its
plant-ash glass beads (PIs. 1: 6,17,19,21; 6: 2/26-29,32,33),
which date it to the late 8" or the first half of the 9" c.
The grave also contained a round foot of a glass cup.!”8
The find site of the string of beads (A 29-33; PL 6: 2) is
not entirely certain, because the report on cemetery ex-
cavations contains no detailed information.!”® Also, until
1970 they were neither entered in the inventory book nor
photographed as part of the assemblage of the finds from
Lajh. In connection to the site they were mentioned in the
1973 study on mosaic eye beads!®’ and published with a
drawing in 1980.'%!

174 Pleterski 1990.

175 Andrae 1973, 174, no. 116.

176 Karo 2012a; Karo, Knific 2015a.
177 Smit et al. 2009a, 122, Fig. 2.
178 Stare 1980, 55, 108, T. 26: 1.

179 Smid 1907, 63, Taf. 2.

180 Apndrae 1973, 171, no. 77.

181 Stare 1980, 55, 108, T. 26: 2.

H 11. Ljubljana

Analysed samples: A 1-6.

During excavations of 1909-1912 under Smid, two
beads - a mosaic eye bead of the MAP 0120 type variant
and a segmented bead (Pl I: 3,40) - were found in the
territory of the Roman Emona.!8? The PIXE-PIGE analyses
have shown they are of plant-ash glass.

H 12. Prianj in Ljubljana

Analysed samples: A 11-25.

The remains of an early medieval settlement from be-
tween the 8 and the 10% c. with evidence of iron produc-
tion were researched in Przanj in 2004. In the backfill of
settlement pits, many pottery fragments were discovered,
as well as a number of shards from various glass vessels,
which were present in as many as 13 pits,'%* and some glass
beads. The analyses have identified natron glass in two of
the samples (A 11,23), and plant-ash glass in two mosaic
beads of the MAP 0120 type variant'®* (A 12-22) and a
double-segmented bead (A 24,25; Pl 1: 27)

H 13. Dolsko near Ljubljana

Analysed samples: A 128-131.

An early medieval grave with an adult and a child was
discovered in the fallow field of Spodnje Skovce near Dolsko
in 2008.1%5 A larger pot was placed into the grave behind
the heads of the two deceased and a small pot at the feet
of the adult. By the remains of the child’s skull lay 43 glass
beads, most of them simple annular and light or dark blue
(PL 1: 14), as well as two double-segmented beads (PI. I:
25,26). The analysed beads are of plant-ash glass.

H 14. Roje near Moravce

Analysed samples: —.

On the ridge of Roje between Moravée and Gabrovka
numerous early medieval graves were discovered in 1878,
1902, 1907, 1970 and 1999. Some contained jewellery
of the Kottlach group, others pottery pots made on a
slow wheel.!®¢ In 1902 several graves were excavated by
Szombathy;'®” glass beads (Fig. 11) were found in one of
them. The string, kept in the Natural History Museum
in Vienna, contains a mosaic bead of the MAP 0450 type
variant (PL 1: 4).188

H 15. Bela Cerkev near Smarjeta

Analysed samples: A 7-10.

The 2002 archaeological excavations at the motorway
route below the village of Bela Cerkev unearthed the remains

182 Knific 2008, 36, sl. 3: 1,4 (the number 2 written
under the segmented bead is incorrect).

183 Hrovatin, Turk 2008, 147-149.

184 Knific 2008, 35-36, nos. 1, 2.

185 Klasinc 2008; Zorz, 2012, 286-288.

186 Knific 2002, 121.

187 Szombathy 1911, [20].

188 Andrae 1973, 175, no. 120 (the bead is classified
as the MAP 0410 variant).
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of a settlement from the Early Iron Age and, as a stray
find, a mosaic eye bead of the MAP 0121 type (PI. 1: 2).!%

H 16. Anc¢nikovo gradi$ce near Juri$na vas

Analysed samples: —.

Archaeological research at the site in 1986-2002 revealed
the remains of a late Roman fortified hill-top settlement
(second half of the 4" and first half of the 5% ¢.)!%0 and
evidence of early medieval colonisation (second half of
the 8" and 9t ¢.),!°! namely scarce fragments of pottery
and a type MAP 0473 mosaic bead (PL I: 1).

H 17. Turnisce near Ptuj

Analysed samples: A 135-140.

27 early medieval skeletal graves were discovered near
the manor of Turni$ce in 1949, 1950, 1954, and 1970. Twelve
contained pottery pots, seven held bird bones, and next
to earrings, knives, fire strikers and other small finds, six
of the graves (9, 10, 14, 16, 22, 28) also contained glass
beads.!*? Three beads from the two necklaces from graves
10 and 14 (PIs. 1: 36; 6: 3,4) have been analysed; all are
of plant-ash glass. Both graves contained a pot and grave
14 a pair of partially surviving earrings.!®> The pot from
grave 10 was made on a slow wheel (Fig. 17: 9), while the
pot from grave 14 was handmade (Fig. 17: 10).

H 18. Ptuj Castle at Ptuj

Analysed samples: A 141-144.

At the large necropolis by the Ptuj Castle with roughly
400 early medieval graves, glass beads were found in 21 of
the graves, often in great numbers, tiny, colourless, almost
always next to the finds of the Bijelo Brdo culture (e.g.
in graves 77, 175, 181, 192, 193, 208, 287, 395).1%* The
beads from grave 367 (Pl 6: 5), classified by Korosec on
the basis of a pair of silver earrings into an earlier, Great
Moravia phase of the Ptuj cemetery, are different.!®> The
PIXE-PIGE analysis of selected beads from grave 367 has
shown they are made of plant-ash glass.

H 19. Sredisce ob Dravi

Analysed samples: A 175-179.

Archaeological excavations in the fallow field of Cirkevca
near Sredi§¢e ob Dravi in 1907 and 1908 and again in
1993, 1994 and 1996 unearthed 21 skeletal graves with
finds belonging to the Bijelo Brdo culture. They contained
a few glass beads; the largest number of them was in grave
54,1% some similar ones also in grave 71 (PL I: 18), for

189 Kriz 2004, 98 (photo); Knific 2008, 36.

190 Cigleneéki 2008, 488, 494.

L Strmic¢nik Guli¢, Ciglenecki 2003, 23-24, 34.

192 Korosec, Koro$ec 1953; Jevremov 1975; Bitenc,
Knific 2001, 85-87, Cat. Nos. 275-277. — The description
of graves in the first publication starts with the number
8, because seven of the graves had been disturbed before
the excavations.

193 Korosec, Korosec 1953, 203, drawings 9: 1,2; 10;
Fig. 25.

194 Korosec 1999, 60-62.

195 1b., 50-1, Taf. 37: 11-13.

196 Knific, Tomani¢ Jevremov 2005, 171, sl. 5: 14.

which the analysis has shown they are made of plant-ash
glass (A 175-178).

H 20. Popava near Lipovci

Analysed samples: A 156-160.

In 2006, at the site of Popava 1, the remains of an early
medieval settlement were discovered, among them pits of
one-room dwellings. The backfill of the pits predominantly
contained fragments of pottery, but five glass beads were
also found, in dwellings 2, 3 and 29.!7 The analyses have
shown that four beads are of natron glass (A 156,158-160),
while one, from dwelling 29, is of plant-ash glass (A 157; PL
1:9). The pit of the building 29 also contained a number
of fragments of pottery vessels (Fig. 17: 4-7).1%8

H 21. Na plesi in Murska Sobota

Analysed samples: A 162-174.

Part of an early medieval cemetery was researched at
the site of Na plesi, Murska Sobota, in 2013 and 2014.
24 skeletal graves from the end of the 8™ to the 10t c.
contained several glass bead necklaces.!® Analyses have
been performed on 13 beads from graves 2, 4, 14 and 15;
only one is made of natron glass (A 164), the rest are of
plant-ash glass (PL 1:10,12,28,32,34,38). Pottery was also
found in the graves.
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(see the Slovenian text: ' KATALOG PREDMETOV’)
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T. 1: Mozai¢ne in druge jagode iz halofitskega stekla z najdis¢ v Sloveniji (gl. pril. A). Vse steklo. M. = 1:1.
PI. 1: Mosaic eye beads and other beads of plant-ash glass from the sites in Slovenia (cf. App. A). All glass. Scale = 1:1.
(Foto / Photo: 1 B. Kovacdi¢; 2,3,5-41 T. Lauko; 4 A. Schumacher)
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T. 2: Baselj - Gradisce. Plast 2, sonda 1 (1-12,16,20-22); sonda 2 (13-15,17-19). 1 steklo; 2-6 steklo, Zelezo; 7 bron;
8,10-14,18,19 Zelezo; 9,15-17 baker, srebro, zelezo; 20-22 keramika. M. = 1:2; 20-22 = 1:3 (risba: 1-7,9,10,12,15-19 D.

Knific Lunder; 8,11,13,14,20-22 1. Murgelj).
Pl. 2: Baselj - Gradisce. Layer 2, Trench 1 (1-12,16,20-22); Trench 2 (13-15,17-19). 1 glass; 2-6 glass, iron; 7 bronze;

8,10-14,18,19 iron; 9,15-17 copper, silver, iron; 20-22 pottery. Scale = 1:2; 20-22 = 1:3.



433

Zgodnjesrednjevesko steklo na Slovenskem: studij sestave in jagode iz halofitskega stekla

o4

16 N E T

49 W o »
D 62

23

T. 3: Bled - Pristava. Gr. 14 in 65. 1,2,5-7,16,17,21,25 bron, steklo; 3,4,8,9,11,12,18-20,22-24,26 bron; 10 bron, Zelezo;

13-15 zelezo. M. = 1:2 (risba: D. Knific Lunder).
Pl. 3: Bled - Pristava. Grs. 14 and 65. 1,2,5-7,16,17,21,25 bronze, glass; 3,4,8,9,11,12,18-20,22-24,26 bronze; 10 bronze,

iron; 13-15 iron. Scale = 1:2.
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T. 4: 1,2 Bled - Pristava, gr. 143; 3-5 Smoku¢, gr. 2; 6-9 Srednja vas v Bohinju - Zale, gr. 18; 10-20 Bled - Brdo, pre-
kopani grobovi. 1 Zelezo, steklo; 2,19 Zelezo; 3,6 steklo; 4,5,10,12-14,17,18 bron; 7,15 bron, Zelezo; 8,9 srebro; 11 bron,
steklo; 16 bron, zelezo, steklo; 20 keramika. M. = 1:2 (risba: 1,2,11-20 D. Knific Lunder; 3-10 I. Murgelj).

PI. 4: Bled - Pristava, Gr. 143; 3-5 Smoku¢, Gr. 2; 6-9 Srednja vas v Bohinju — Zale, Gr. 18; 10-20 Bled - Brdo, disturbed
graves. 1 iron, glass; 2,19 iron; 3,6, glass; 4,5,10,12-14,17,18 bronze; 7,15 bronze, iron; 8,9 silver; 11 bronze, glass; 16
bronze, iron, glass; 20 pottery. Scale = 1:2.
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Zgodnjesrednjevesko steklo na Slovenskem: studij sestave in jagode iz halofitskega stekla

T. 5: 1,2 Bled - Pristava; 3 Smoku¢; 4 Srednja vas v Bohinju; 5 Bled - Brdo. Stevilke analiziranih vzorcev (pril. A): rdece

- natronsko steklo; modre - halofitsko steklo. M. = 2:3 (foto: T. Lauko).
PI. 5: 1,2 Bled - Pristava; 3 Smoku¢; 4 Srednja vas v Bohinju; 5 Bled — Brdo. Numbers of analysed samples (App. A):

red - natron glass; blue - plant-ash glass. Scale = 2:3.
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T. 6: 1 Radovljica - Predtrg; 2 Kranj — Lajh; 3,4 Turni$¢e; 5 Ptuj - Ptujski grad. Stevilke analiziranih vzorcev (pril. A):

rdece - natronsko steklo; modre - halofitsko steklo. M. = 2:3 (foto: T. Lauko).
PI. 6: 1 Radovljica - Predtrg; 2 Kranj — Lajh; 3,4 Turni$¢e; 5 Ptuj — Ptujski grad. Numbers of analysed samples (App. A):

red - natron glass; blue — plant-ash glass. Scale = 2:3.
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