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ANALIZA NASELBINSKE KERAMIKE Z MOSTA NA SOCI
Z VRSTICNIM ELEKTRONSKIM MIKROSKOPOM

SCANNING ELECTRON MICROSCOPY ANALYSIS
OF THE POTTERY FROM THE SETTLEMENT
AT MOST NA SOCI

Lucija GRAHEK, Adrijan KOSIR

ANALIZE SESTAVE KERAMIKE

Ena glavnih znacilnosti naselbinske keramike z
Mosta na Soci je sestava loncarske gline (mase), za
katero je bilo Ze z makroskopsko analizo celotne zbir-
ke najdb ugotovljeno, da vsebuje veliko prime$anega
karbonatnega peska. Te rezultate smo podkrepili z
mikroskopsko analizo osmih vzorcev keramike. Poleg
vzorcev znacilne drobnozrnate in bolj finozrnate ter
grafitne keramike smo iz celotne zbirke kerami¢nih
najdb izbrali in analizirali Se nekaj fragmentov rdece-
-¢rno barvanih pitosov in loncev z metlicenim okrasom

(sl. 1).1

1 Vsi citati tabel se nanasajo na objavo gradbenih izvidov
naselja z Mosta na Soci (Svoljsak, Dular 2016).

FABRIC ANALYSIS

One of the main characteristics of the ceramics
from the settlement at Most na Soci is the fabric with
a high amount of carbonate sand temper. This has first
been observed macroscopically and confirmed by the
results of microscopic analyses. More specifically, it
has been confirmed by scanning electron microscopy
(SEM) analyses, which have been applied to examine
eight samples taken from shards of the characteristic
medium-grained, fine-grained and graphite ware fabrics.
Apart from these, we also selected and analysed several
unprocessed shards of black-on-red painted pithoi and
brushed jars (Fig. 1).!

! The drawings of all ceramic finds have been published
in the first volume of the publication of the Iron Age settle-
ment at Most na Soci (Svoljsak, Dular 2016).

Vzorec/sample |Inv.3$t./Inv.No. |Objava/drawing | Opis/ description
fragment znacilne drobnozrnate keramike (hisa 15A) /
MNS A - frg. of characteristic medium-grained fabric (House 15A)
fragment znacilne bolj finozrnate keramike (hisa 15A) /
MNS B . frg. of characteristic more fine-grained fabric (House 15A)
fragment grafitne keramike iz hise 11(2) /
MNS C P 4602 frg. of graphite ware fabric from House 11(2)
frag. finozrnatega rdece-¢rno barvanega lonca (L 21) iz hiSe 16(2) /
MNS D P 4007 frg. of fine-grained, black on red painted jug (L21) from House 16 (2)
frag. drobnozrnatega ostenja z metlicenim okrasom (O 7) iz hise 14(2) /
MNS E P 4776 medium-grained frg. with brushed decoration (O 7) from House 14(2)
frag. finozrnatega pitosa (Pi) iz hise 15A(1) /
MNS F P5382 frg. of fine-grained pithoi (Pi) from House 15A(1)
frag. drobnozrnatega pitosa (Pi) iz hise 3(2) /
MNS G P 4240 t.23:21 frg. of medium-grained pithoi (Pi) from House 3(2)
frag. drobnozrnatega lonca z metli¢enim okrasom (L 17) iz hise 1(2) /
MNS H P 2332 frg. of medium-grained jug with brushed decoration (L 17) from House 1(2)

Sl. I: Seznam vzorcev keramike za a

nalizo sestave londarske mase.

Fig. I: List of samples subjected to fabric analyses.
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ANALIZA KERAMIKE Z VRSTICNIM ... MIKROSKOPOM

SCANNING ELECTRON MICROSCOPY ANALYSIS ...

MATERIAL IN METODE

Za mikroskopsko analizo smo vzorce keramike
s precizno Zago Buehler IsoMet nazagali na pribliZzno
centimeter debele rezine, ki smo jih v vakuumski ko-
mori impregnirali in zalili z nizkoviskozno epoksidno
smolo Epo-Tek 301-1. Iz zalitih primerkov smo izrezali
planparalelne ploscice (sl. 2), ki smo jih na eni strani
strojno izravnali ter sukcesivno obrusili in polirali na
papirnih plos¢ah Kemet z abrazivom iz silicijevega
karbida zrnavosti F1200, F2500 in F4000.

Vzorce smo proucili na vrsticnem elektronskem
mikroskopu JEOL JSM-ITI100 v laboratoriju za mi-
kroskopijo na Paleontoloskem institutu ZRC SAZU v
Ljubljani. Fragmente in obruse smo opazovali nenapr-
$ene (to je brez nanosa tanke prevodne plasti zlata ali
ogljika) in fotografirali v grobovakuumskem nacinu
(od 20 do 40 Pa) s pospesevalno napetostjo 15 ali 20
kV in pri delovni razdalji od 9 do 11 mm. Vzorce smo
fotografirali s signalom detektorja odbitih elektronov
(BED) v sen¢nem (BES) nadinu.

Kvalitativno in semikvantativno elementno analizo
z energijsko disperzijsko spektroskopijo rentgenskih
zarkov (EDS) smo izvedli pri enakih grobovakuumskih
pogojih. Elementne spektre smo posneli to¢kovno ali
ploskovno s prednastavljenim ¢asom 100 sekund z av-
tomatskih na¢inom identifikacije elementov. Na vsakem
vzorcu smo opravili vsaj tri analize celotnega vidnega
polja reprezentativnih delov obrusa pri enaki povecavi
(priblizno 3,5 x 2,5 mm pri povecavi 40x; pril. I).

Poroznost keramike smo ocenili na podlagi vseb-
nosti klora v spektrih analiziranih povrsin, kar odraza
delez smole, ki vsebuje priblizno 1,4 % CL

MATERIAL AND METHODS

Samples were prepared by cutting approximately
one-centimetre thick slabs (Fig. 2) from the selected pot-
tery shards using a Buehler [soMet precise saw. The slabs
were impregnated and embedded with a low-viscosity
Epo-Tek 301-1 epoxy resin in a vacuum chamber. The
embedded slabs were trimmed parallel and machine-
lapped on one side, which was followed by manual
fine lapping and polishing using Kemet silicon carbide
abrasive pads of F1200, F2500 and F4000 grit size.

Each sample was examined under a JEOL JSM-
IT100 LA scanning electron microscope at the micros-
copy lab of the Institute of Palacontology ZRC SAZU
in Ljubljana. We also examined unprocessed pottery
shards. Both the unprocessed shards and the polished
samples were observed uncoated, with elemental
analysis and imaging performed in a low vacuum mode
(20-40 Pa) at an accelerating voltage of 15 and 20 kV,
and a working distance from 9 to 11 mm. Images were
taken in topographic and shadow backscattered electron
imaging (BED-T and BED-T) modes.

A qualitative and semi-quantitative Energy Dis-
persive X-ray Spectroscopy elemental analysis (EDS)
was performed in the same low-vacuum conditions.
Elemental spectra were obtained from uncoated speci-
mens using point or small area analysis with 100 seconds
preset (live) time and an automatic element identifica-
tion mode. At least three whole-view elemental analyses
were done on representative parts of each polished slab
at the same magnification (at 40x showing approx. 3.5 x
2.5 mm large area; App. I) and in constant operating
conditions.

|
. ' l 0 2cm
I I
A B C

D E F G

Sl. 2: Obrusi vzorcev keramike.
Fig. 2: Polished slabs.
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SESTAVA IN STRUKTURA LONCARSKE GLINE

Iz rezultatov ploskovnih meritev na posameznih
vzorcih (sI. 3) je razvidno, da je sestava naselbinske
keramike z Mosta na So¢i razmeroma enotna. Tako pri
drobnozrnati kot pri bolj finozrnati loncarski glini za-
sledimo 5 do 11 % kalcija (Ca), ki je ve¢inoma vezan na
karbonatna zrna v velikosti peska in melja, kar pomeni
od 10 do 25 % kalcijevega karbonata (CaCO,) v celotni
masi. Kot je razvidno iz mikroskopskih fotografij (pril.
1), vlon¢arsko glino ni bil prime$an le apnencev pesek,
pac pa pogosto predvsem evhedralna in subhedralna
zrna kristalnega kalcita (pril. 1: A, G, H; sl. 4:b). V vseh
vzorcih smo zasledili le manj$o koli¢ino kremenovih
zrn? (Si0,), ki so praviloma velikosti melja (<63 pm)

2 Deloma gre za verjetno za rozenec ali delno silificirana
karbonatna zrna.

Porosity of the pottery has been roughly estimated
by the chlorine content in the analysed spectra, corre-
sponding to the proportion of the resin impregnation in
the sample (pure hardened resin contains approximately
1.4 wt% of CI).

COMPOSITION AND STRUCTURE
OF THE FABRIC

The results of the EDS analysis of individual sam-
ples (Fig. 3) indicate a relatively uniform composition of
the pottery from Most na So¢i. Both medium-grained
and fine-grained fabrics contain from 5 to 11 wt% of
calcium (Ca), which is generally associated with sand-
and silt-size carbonate grains, corresponding to 10-25%
of calcium carbonate (CaCO,) in the total mass.

MNS A
MNS B
MNS C
MNS D
MNS E
MNS F
MNS G
MNS H
I I I T I I
0 10 20 30 40 50 60 70 80 90 100
%
Vzorec/ . . Poroznost (%) /
Sample C Ca Mg - Si Na K Fe Ti Porosity (%)
MNS A 30.43 6.94 0.49 4.69 9.99 0.74 3.19 0.20 0.04 42.96 18
MNS B 28.15 10.44 0.63 5.01 7.92 0.45 3.08 0.06 0.12 43.93 10
MNS C 36.96 0.80 0.33 6.13 10.50 0.31 1.06 1.91 0.36 0.76 40.79 9
MNS D 29.54 7.89 1.99 4.53 8.38 1.02 2.78 0.14 0.20 43.20 16
MNS E 27.06 9.63 0.39 5.20 8.18 0.80 3.36 0.23 0.71 4435 13
MNS F 25.14 6.02 1.50 5.85 11.32 1.10 3.92 0.30 0.22 43.69 15
MNS G 26.57 10.98 0.70 4,71 9.20 0.75 2.64 0.19 0.28 43.69 15
MNSH 23.75 5.02 7.45 13.43 0.85 1.70 0.35 0.29 46.50 9

SI. 3: Povpre¢je rezultatov ploskovnih analiz sestave vzorcev keramike (masni %).
Fig. 3: Mean results of the full image fabric analyses of pottery samples (mass %).
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100pm  —

o U s
BES 15.0kVWD10mmP.C.55 40Pa x100

SI. 4: (a) Levo: polirana povrsina vzorca MNS D, posneta z detektorjem odbitih elektronov v senénem (BES) nacinu.
Desno: ustrezajoce karte elementov Mg, Ca, Al in Si. (b) BES slika polirane povr$ine vzorca MNS E (levo zgoraj) in ustrezajoce

karte elementov C, Mg, Al Si in Ca.

Fig. 4: (a) Left: Backscattered shadow (BES) image of a polished surface of sample MNS D. Right: corresponding elemental maps
of Mg, Ca, Al and Si. (b) BES image of a polished surface of sample MNS E (upper left) and corresponding elemental maps of C,

Mg, Al, Siand Ca.

C - kalcit / calcite, D - dolomit / dolomite, q — kremen / quartz, m — osnova / matrix

(sl. 4). Znatnejsa koli¢ina dolomitnih zrn je le v vzorcu
MNS-D (sl. 4: a), sicer pa je koli¢ina magnezija (Mg) v
drobnozrnati osnovi keramiki <1% (sl. 3; sl. 4: b). Tako
pri kremenu kot dolomitu gre za majhne koli¢ine, sploh
v primerjavi s kalcitnim peskom, zatorej se postavlja
vprasanje, ali v njunem primeru sploh lahko govorimo
o namenskem dodajanju pustil vlon¢arsko glino ali gre
zgolj za necisto¢i v surovini. Enako velja za delez Zeleza
(Fe), ki je bilo v obliki oksidih ali hidroksidnih mineralov
prisotno v sami ilovici. Ker sta aluminij (Al) in kalij (K)
vezana na minerale glin, bi bila s prihodnjimi analizami
vzorcev ilovnatih sedimentov iz okolice mozna identi-
fikacija Zeleznodobnega glinokopa.
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Photomicrographs of many samples (App. I) reveal
that the admixture in the fabric is not only limestone
sand, but also calcite euhedral and subhedral crystal
particles (App. I: A, G, H; Fig. 4b). Silt-size quartz grains
are present in all samples, but only in small amounts (Fig.
4a). A substantial amount of dolomite grains is present
in Sample MNS-D (Fig. 4a), whereas the magnesium
content of the fine-grained clay matrix is generally
<1% (Figs. 3 and 4b). Both quartz and dolomite occur
in relatively small amounts, particularly in comparison
with calcite grains, it is therefore not certain if they were
added on purpose or merely represent natural impurities
in the source clay. Similarly, the iron (Fe) content reflects
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Vzorec / sample | Inv. §t./Inv. No. | Objava/drawing | Opis/ description
frag. dna grafitnega lonca iz hise 11(2) /
Most 1 P 4602 base frg. of graphite jug from House 11(2)
frag. ustja grafitnega lonca iz hise 3(2) /
Most 2 P 4168 rim frg. of graphite jug from House 3(2)
frag. noge rdece(-¢rno) barvane situle (Si) iz hise 29 (1) /
Most 3 P 8241 t.91:6 pedestal frg. of (black-on-) red painted situlae (Si) from House 29(1)
frag. ustja (rdece-)¢rno barvanega lonca (L 21) iz hiSe 16(2) /
Most 4 P 4007 rim frg. of black (-on-red) painted jug (L 21) from House 16(2)
frag. ustja rdece barvanega lonca (L 13) iz hie 1 (1) /
Most 5 P2352 t1:2 rim frg. of red painted jug (L 13) from House 1(1)
frag. ostenja rdece barvanega lonca (L 14) iz hise 19 /
Most 6 P 5499 (t.59:1) frg. of red painted jug (L 14) from House 19
frag. ostenja narebrene situle (O 1a) z rdece slikanim okrasom iz hise 23(2) /
Most 7 P 5882 t. 80: 14 frg. of ribbed and red painted situlae (Ola) from House 23(2)
frag. ¢rno premazanega ustja pitosa (Pi b) iz hise 15A(1) /
Most 8 P 5383 t4L:1 black painted rim frg. of pithoi (Pi b) from House 15A(1)
frag. skodele (Sk 1) s ¢rnim premazom iz hise 35(2) /
Most 9 P 2566 t.98:5 frg. of black painted bowl (Sk 1) from House 35(2)
frag. ostenja (rdece-)¢rno barvanega pitosa (Pi) iz hise 15A(1) /
Most 10 P 5380 frg. of black (-on-red) painted pithoi (Pi) from House 15A(1)
frag. dna sklede s ¢rnim premazom (LT-Rim) iz hiSe 17 (2) /
Most 11 P 5437 t.58: 1 base frg. of black painted dish (LT-Rim) from House 17(2)
. frag. ustja sklede s ¢rnim premazom (LT-Rim) iz hise 33 /
Most 12 33/1 t.97:12 base frg. of black painted dish (LT-Rim) from House 17(2)

SIL 5: Seznam vzorcev keramike za analizo zunanje povrs$ine in barvnih premazov.
Fig. 5: List of samples subjected to exterior surface and paint analyses.

Analiza rezultatov primerljivih vzorcev nakazuje,
da lahko z elementno mikroskopsko analizo prepozna-
vamo tudi domnevno razli¢ne proizvodnje keramike.
To kazejo rezultati analiz vzorcev MNS F in G (sl. I-3;
pril. 1: E, G), ki oba pripadata narebrenim, rdece-¢rno
barvanim pitosom (Pi). Ker se pitos z vzorcem MNS F od
preostalih razlikuje Ze po prelomu, nekoliko pa tudi po
kemijski sestavi (zlasti delez Ca, Si, Fe in Mg), domne-
vamo, da gre za estenski primerek.> Tudi petrografska
analiza keramike z obmod¢ja estenske kulture je namreé
pokazala ve¢ lastnosti podobnih zna¢ilni naselbinski ke-
ramiki z Mosta na So¢i. Analize sestave loncarske gline,
ki so bile opravljene na vzorcih keramike iz Oppeana
(Verona), so pokazale, da pride do ve¢jih sprememb
v sestavi nekje v 6. do 5. stol. pr. n. §t., ko se tudi pri
tamkajs$nji keramiki ob¢utno poveca delez primes$anega
apnencevega peska oziroma kristalnega kalcita.*

3 Prim. Saracino 2014, 131, 132.
4 Saracino 2014, 144. Prim. Boschian, Floreano 2007.
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the presence of Fe oxide and hydroxy-oxide minerals in
the clay. As aluminum (Al) and potassium (K) are associ-
ated with clay minerals, it would be possible to identify
the potential Iron Age clay pits if we were to analyse the
clay deposits in the area of Most na Sodi.

A comparative analysis indicates that the elemental
microanalysis also enables the identification of different
pottery productions. This is demonstrated by the compo-
sition of Samples MNS F and G (Figs. 1-3; App. 1: E G)
both taken from cordoned black-on-red painted pithoi
(Pi). The pithos of Sample MNS F differs from other
pithoi in the appearance of the fracture, but slightly also
in its chemical composition (particularly the Ca, Si, Fe
and Mg contents), which leads us to see the pithos as an
import, presumably from Este.? Petrographic analyses of
the pottery from the Este area has, in fact, shown several
characteristics that are similar to those of the pottery
from the settlement at Most na So¢i. The fabric compo-
sition analyses performed on the sampled pottery from
Oppeano (Verona), for example, have revealed that the
significant changes in the fabric occurring sometime in
the 615%™ centuries BC involved an increased share of
added limestone sand or calcite crystal particles.®

2 Cf. Saracino 2014, 131, 132.
3 Saracino 2014, 144. Cf. Boschian, Floreano 2007.
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GRAFITNA KERAMIKA

Med mikroskopsko analiziranimi obrusi vzorcev
keramike pri¢akovano najbolj izstopa vzorec MNS C, ki
pripada grafitni keramiki (sl. 1-4; pril. 1: C).> Na istem
vzorcu je bila opravljena tudi analiza zunanje povrsine
(s. 5: Most 1). Cetudi rezultati meritev povriine in
obrusa vzorca grafitne keramike niso neposredno pri-
merljivi®, pa je pomenljiva primerjava s prav tako na
povrsini analiziranim drugim vzorcem grafitne posode
(sl. 5: Most 2). Za slednjega je bilo Ze pri makroskopski
analizi ugotovljeno, da brzkone vsebuje ve¢ grafita, saj
je keramika bolj mastna. Ve¢ja vsebnost grafita, to je
mehkega ogljikovega minerala (C), ki se najpogosteje
pojavlja vluskastih in listi¢astih agregatih, potrjuje mno-
go vecja vrednost ogljika v primerjavi z vzorcem 1 (sl. 7).

POROZNOST KERAMIKE

Mikroskopska analiza prepariranih vzorcev omo-
goca tudi oceno poroznosti keramike. Vzorci so bili im-
pregnirani z nizkoviskozno smolo, ki u¢inkovito prodre
tudi v najmanj$e pore keramike. Delez por in njihova
oblika sta lepo vidna na elementni karti ogljika (sl. 4: b
C), saj pore, zalite s smolo, ki jo sestavlja ve¢ kot 70 %
ogljika, izrazito izstopajo. Semikvantitativno smo poroz-
nost izra¢unali iz deleza klora, ki ima v epoksidni smoli
enakomeren delez (priblizno 1,4 %), v neimpregnirarni
keramiki pa ga nismo zaznali. Videti je, da poroznost
keramike ni odvisna od zrnavosti gline in primesi.

ANALIZE BARVNIH PREMAZOV

Ker $e nimamo opravljenih kemijskih analiz barv-
nih premazov na prazgodovinski keramiki iz nasega
prostora, smo na izbranih vzorcih skusali premaze ana-
lizirati z elementno mikroskopsko analizo (SEM-EDS),
¢eprav se pri nas v restavratorstvu za analize pigmentov
in glazur na keramiki uporablja predvsem metoda ren-
tgenske fluorescenc¢ne spektrometrije (XRF-EDS).” Z
enako metodo kot v primeru pripravljenih zbruskov pre-
lomov keramike smo na povrsini analizirali neobdelane
fragmente (grafitne in) keramike z barvnimi premazi
(sl. 5, 6). Ker smo pri vsakem vzorcu opravili ploskovne
meritve tako povr$ine s premazom kot brez njega, so
rezultati opravljenih meritev® med seboj primerljivi.

5> Prim. Friederich 2013, Abb. 4.

6 Rezultati meritev na povr$ini neobdelanih vzorcev ke-
ramike so kvalitativni in zaradi velikih napak ne omogocajo
zanesljive primerjave z rezultati analiz na poliranih vzorcih.

7 Nemecek 2011, 3-6, 13, 30; Menart et al. 2017, 158.
Prim. Laciak, Stoksik 2010.

8 Cf. op. 4.
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GRAPHITE WARE

The microscopically analysed samples include one
(Sample MNS C) that stands out from the others, which
is an expected result as it was taken from a graphite
ware vessel (Figs. 1-4; App. 1: C).* The sample was also
subjected to an exterior surface analysis (Fig. 5: Most
1). The results of the surface measurements are not
directly comparable with those of the fabric analysis on
the fracture,® but they are comparable with the surface
measurements of another graphite ware sample (Fig. 5:
Most 2). This shard has a greasy surface that suggests a
higher amount of graphite, and has already been deter-
mined as graphite ware during macroscopic observation.
The microscopic analysis revealed a considerably higher
carbon content in comparison with Sample Most 1
(Fig. 7) and consequentially confirmed a higher graphite
content (graphite is a soft carbon (C) mineral that most
commonly occurs in flaky aggregates).

POROSITY

As a result of sample impregnation with low-
viscosity epoxy resin that effectively penetrated even
the smallest pores of the ceramics, the SEM analysis
also enabled us to estimate the porosity of the pottery.
The proportion and geometry of the pores are distin-
guishable on the element concentration map of carbon
(Fig. 4b: C) due to the resin containing more than 70%
carbon. Porosity was semi-quantitatively determined
from the total Cl content in the analysed area, assum-
ing a uniform 1.4% Cl concentration in the pure resin
and its apparent absence in the ceramics. There is no
significant correlation between porosity and grain size.

PAINT ANALYSES

In Slovenia, the most commonly used method for
analysing pigments and glazes on pottery is that of X-ray
fluorescent spectrometry (XRF-EDS),® but it has never
been applied to chemically analyse prehistoric pottery.
For the shards from the prehistoric Most na So¢i, a
chemical analysis was performed using the SEM-EDS
method to examine unprocessed shards of (graphite
ware and) painted pottery (Figs. 5, 6). To obtain com-
parable results on the painted and non-painted parts
a full image analysis was carried out on each sample.’

4 Cf. Friederich 2013, Fig. 4.

5> The elemental analyses done on unprocessed surfaces
are merely qualitative and cannot be reliably used for a com-
parison with the results obtained from the polished samples.

6 Nemecek 2011, 3-6, 13, 30; Menart et al. 2017, 158. Cf.
Yaciak, Stoksik 2010.

7 Cf. Fn. 4.
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Sl. 6: Vzorci keramike Most 3-7 z oznac¢enim mestom analize.
Fig. 6: Samples Most 3-7 with marked paint analysis.

CRNI PREMAZI

Pri ¢rnih premazih razlikujemo med ¢rno grafitno
barvo (Cg), ki ima kovinski sijaj, in ¢rno smolnato barvo
(C), ki je domnevno organske sestave.” Crna premaza
na vzorcih Most 3 in 4 smo na makroskopskem nivoju
opredelili kot grafitna, mikroskopska analiza pa je
pri¢akovano pokazala ve¢jo vsebnost ogljika (C) na
premazu kot na neobarvanem delu povrsine (sl. 6: 3, 4).
Se mnogo vedji vrednosti ogljika (ve¢ kot 65 %) sta bili
izmerjeni na ¢rno (C) premazanih vzorcih Most 8 in 9
(sl. 7; pril. 2: e). Ker pri njima vrednosti fosforja (P) in
kalija (K) ne presegajo meritev na preostalih analiziranih
vzorcev, z opravljeno analizo ne moremo potrditi, da so
¢rni smolnati premazi domnevno izdelani iz oglja. Na
Poljskem opravljene kemijske analize barvnih premazov
na keramiki namrec kazejo, da so alkalni oksidi (K,0,
P,0. in tudi CaO) lahko povezani tudi z uporabo v prah
zdrobljenega lesnega oglja (listavcev), ki pa ni sluzil le
kot barvilo, temve¢ za boljsi oprijem barvnih nanosov
na posodje.!?

9 Prim. Grahek 2016, 216 s; Laciak, Stoksik 2010, 145.
10 ¥ aciak, Stoksik 2010, 145.
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BLACK PAINTS

We distinguish between a black graphite paint (Cg),
which has a metallic shine, and a black resinous paint
(C), which is presumably organic in origin.® The black
paint on Samples Most 3 and 4 has been macroscopically
determined as graphite. For both, microscopic analysis
revealed a higher carbon (C) content in the painted
part as opposed to the non-painted parts of the surface
(Fig. 6: 3, 4). An even higher carbon content (more
than 65%) has been measured on the black (C) painted
Samples Most 8 and 9 (Fig. 7; App. 2: e). The analysis
showed that the phosphorus (P) and potassium (K)
content in these samples does not exceed the measure-
ments on other analysed samples, hence it is not pos-
sible to determine whether the black resinous paints are
charcoal-based. Chemical analyses of paints carried out
in Poland revealed that the alkali oxides (K,0, P,O, and
also CaO) may be associated with the use of powdered
wood charcoal (of deciduous trees), which served not
only as a pigment, but also to ensure better adhesion of
the paints onto the ceramic surface.’

8 Cf. Grahek 2016, 216 f; Laciak, Stoksik 2010, 145.
9 Laciak, Stoksik 2010, 145.
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Vzorec/ |\ raca / Fabric C O | Na | Mg | Al | si P s K | Ca | Ti | Mn | Fe
Sample

grafitna ker. /
Most 01 . 14,93 | 60,35 0,68 6,26 | 10,33 0,40 1,59 1,54| 0,52 3,40

graphite ware

grafitna ker. /
Most 02 . 34,41 | 41,26 0,87 4,30 7,47 1,19 0,16 0,86 4,62 0,31 4,56

graphite ware

zrno grafita /
Most 02* . . 83,52 | 13,08 1,00 1,13 0,53 0,14

graphite-grain

Barva / Paint
Most 03 Cg 18,92 | 44,41 0,99 8,28 8,17 1,33 2,00 2,73 0,82 1,18 | 11,17
Most 03 R 12,29 | 45,15 0,94 | 10,28 9,81 1,83 3,62 4,10 0,51 3,50 | 10,49
Most 03 brez / without 8,00 | 48,53 1,76 7,27 | 16,02 0,77 2,35 4,67 0,74 9,89
Most 04-2 | Cg 72,85 | 20,87 0,21 1,44 1,91 0,24 0,31 0,77 1,39
Most 04-1 | brez / without 34,84 | 40,67 0,86 5,58 8,78 0,51 1,24 2,40 0,35 4,77
Most 05 R 14,02 | 52,08 0,08 0,78 10,07 | 13,70 2,82 0,51 1,65 0,71 3,48
Most 06 R 6,62 | 56,77 0,92 10,23 | 15,51 0,00 0,98 2,60 0,57 5,79
Most 07 R-temna / dark 6,31 | 48,96 1,76 | 10,04 | 12,98 0,87 2,50 2,95 0,76 0,56 | 12,30
Most 07 R-svetla / light 5,28 | 49,70 1,80 | 10,08 | 13,72 0,81 2,61 3,02 0,67 0,43 | 11,88
Most 08 C 68,56 | 27,18 0,17 0,71 1,17 0,20 0,30 1,73
Most 09 C 66,79 | 28,64 0,85 1,01 0,17 0,31 0,99 1,24
Most 10 C 59,10 | 33,65 0,30 1,34 2,04 0,19 0,34 1,78 1,25
Most 11 C 7,08 | 43,64 1,25| 15,44 | 13,03 1,76 0,86| 0,73| 16,22
Most 12-1 | C 7,30 | 43,20 0,77 1,53 | 12,71 | 16,40 4,70 1,54 11,52
Most 12-2 | brez / without 5,84 | 45,63 0,42 3,15 6,19 18,90 1,42 7,37 10,30

S 7: Rezultati ploskovnih analiz na zunanji povrsini grafitne keramike in keramike z barvnimi premazi.
Fig. 7: Results of the full image exterior surface analyses on graphite ware and painted pottery.
R - rde¢a/ red; C - &rna / black; Cg - ¢rna grafitna barva / black graphite paint.

RDECI PREMAZI

Rde¢i premazi temeljijo na kovinskih, predvsem
zelezovih oksidih, pri ¢emer pa je barvi odtenek premaza
zelo odvisen tudi od temperature zganja.!! Ker sta zelezo
in titan obicajno prisotna Ze v glini, smo vse izmerjene
vrednosti zZeleza (Fe) najprej primerjali z izmerami
na neobarvani povrsini. Izkazalo se je, da se pri rdece
obarvanih vzorcih (sl. 6: 3, 5-7) delez Zeleza dejansko
poveca, pri cemer so izmere na vzorcu Most 7 pokazale,
da vsebuje temnejsi, iz ve¢ nanosov sestavljen okras ve¢-
jo vsebnost (sl. 7). Po naslikanem motivu ima ta vzorec
najbolj$e primerjave med estensko keramiko,!? zato se
zdi pomenljiva tudi izmerjena vsebnost mangana (Mn).

11 Horvat 1999, 42.
12 Capuis, Chieco Bianchi 2006, t. 94: 38; 136: 4; 210: 2;
prim. XLVIII: d.
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RED PAINTS

Red paints are based on metal, primarily iron
oxides, with their hue greatly influenced by the firing
temperature.!® As iron and titanium are usually present
in the source clay, all the measurements of iron (Fe)
were first compared with the measurements on the
non-painted surface. The results showed an increased
quantity of iron in the red paint samples (Fig. 6: 3, 5-7),
of which Sample Most 7 with a darker painted decoration
applied in several layers revealed an even higher quantity
of iron (Fig. 7). The closest parallels for the decorative
motif can be found among the pottery from Este;!'! in
this respect it is also worth mentioning that the sample
showed the presence of manganese (Mn).

10 Horvat 1999, 42.
1 Capuis, Chieco Bianchi 2006, Pl. 94: 38; 136: 4; 210: 2;
cf. XLVIII: d.
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UVOZENA KERAMIKA

Kot kazejo rezultati meritev na prelomih keramike
manganovi oksidi v surovini niso bili prisotni, vsaj ne
v izmerljivih koli¢inah (sl. 3), zato lahko na povrsini
keramike izmerjen mangan pripiemo sestavi barvnih
premazov. Najvedji delez mangana je bil izmerjen na
vzorcih ¢rno barvane, uvozene rimske keramike (sl. 6-7,
pril. 2: f). Ti premazi o¢itno temeljijo na manganovih
oksidih kot je hausmanit (Mn,O,) in ne Zelezovih kot so
hercinit (FeAl,O,), magnetit (Fe,O,) ali hematit (Fe,0,),
ki sestavljajo ¢rne poslikave na atiski keramiki.'* Rimska
keramika s ¢rnim premazom je na Most na So¢i najver-
jetneje prisla iz severno italijanskih produkcijskih sre-
dis¢, zatorej lahko tudi za vzorca rdec¢e(-¢rno) barvane
halstatske keramike (s. 6: 3,7), pri katerih smo izmerili
vsebnost mangana, domnevamo, da sta bila izdelana v
estenskih delavnicah.

SKLEP

Mikroskopska analiza keramike iz Mosta na Soci
je pokazala enotno sestavo loncarske gline, od katere
pri¢akovano odstopa le vzorec grafitne keramike. Za
sestavo halstatske keramike je najbolj znacilno, da je bil
lon¢arski masi dodan, verjetno skrbno izbran, kalcitni
pesek. Podobna struktura lonc¢arske gline s kalcitom je
znana z obmodja estenske kulture. Z analizo kemijske
sestave pa smo ugotovili pomenljiva odstopanja, ki
omogocajo prepoznavanje izdelkov estenskih delavnic
(vzorec MnS F).

Rezultati analiz povr$ine grafitne keramike potr-
jujejo opazanja na makroskopskem nivoju. Spodbudne
rezultate pa smo pridobili z elementno analizo barvnih
premazov. Ta na eni strani podpira opazanja na makro-
skopskem nivoju, na drugi strani pa omogoca zaznavan-
je domnevno razli¢nih nac¢inov proizvodnje na osnovi
razli¢ne sestave premazov. Kemijska sestava rdece-¢rnih
premazov z manganom (Mn) na hal$tatski keramiki
(vzorca Most 3 in 7) namre¢ govori v prid estenskih
delavnic, saj je bila prisotnost mangana izmerjena le Se
pri vzorcih rimske keramike s ¢rnim premazom, ki je
bila uvoZena iz severnoitalijanskih delavnic.

Rezultati opravljenih analiz z vrsti¢nim elektron-
skim mikroskopom na naselbinski keramiki z Mosta na
So¢iso vzpodbudni. Ker pa je bil analiziran zelo majhen
vzorec keramike, bomo za tehtnej$e zakljucke nadaljeva-
li s sistemati¢nim vzor¢enjem in analiziranjem vecjega
$tevila vzorcev, in sicer tako samih keramic¢nih izdelkov
kot tudi vzorcev iz domnevno izvornih glinokopov.

13 Prim. Bente, Sobott, Berthold 2013, tab. 1.

315

IMPORTED POTTERY

The results of the measurements on the pottery
fractures show that manganese oxides were not present
in the clay, at least not in detectable amounts (Fig. 3); the
manganese measured on the surface may therefore be
seen as an ingredient of the paint. The highest manganese
content has been measured on the black-slipped samples
of imported Roman pottery (Figs. 6-7, App. 2: ). These
slips are apparently based on manganese oxides such
as hausmannite (Mn,O,) and not on iron oxides such
as hercynite (FeAl,O,), magnetite (Fe,O,) or hematite
(Fe,0,) that are to be found in the black paints of the
Attic pottery.!? The Roman black-slipped pottery most
probably came to Most na So¢i from north Italian pro-
duction centres; in parallel, we suggest that the pottery of
the two samples of red (black-on-red) painted Hallstatt
pottery (Fig. 6: 3,7) with a high manganese content also
came from northern Italy, from the workshops at Este.

CONCLUSION

The microscopic analysis has shown a uniform
fabric composition of the pottery from Most na Soci
with only the graphite ware sample standing apart.
The characteristic feature of the pottery dating to the
Hallstatt period is the admixture of probably carefully
selected calcite sand to the fabric. A similar structure
of the fabric with added calcite is also known from the
area of the Este culture and the analysis of the chemi-
cal composition of the fabric of Sample MNS F, which
revealed significant deviations, allow us to identify a
product of an Este workshop.

The results of the surface analysis of the graphite
ware samples have confirmed the macroscopic observa-
tions. The results of the elemental analysis of the paints
on these samples also support the macroscopic obser-
vations, but in addition indicate potentially different
production manners based on the different composi-
tions of the paints. The chemical composition of the
black-on-red paints containing manganese (Mn) on the
Hallstatt pottery (Samples Most 3 and 7) speaks in favour
of production in the workshops at Este because, apart
from these two samples, the presence of manganese has
only been detected in the samples of the Roman black-
slipped ware imported from northern Italy.

The results of the scanning electron microscopy
analyses of the pottery from the settlement at Most na So¢i
are encouraging. Having said that, only a small portion
of the recovered pottery has been sampled and system-
atic sampling coupled with a higher number of samples,
both of the ceramic artefacts and the potential clay pits,
is needed to be able to draw more relevant conclusion.

12 Cf. Bente, Sobott, Berthold 2013, P1. 1.
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Pril. 1a: Obrusi vzorcev, posneti z detektorjem odbitih elektronov v senénem (BES) nacdinu pri enaki povecavi, in ustrezajoci
elementni spektri, posneti z EDS ploskovno analizo celotnega vidnega dela vzorca. Vzorci MNS A-C.

App. 1a: Backscattered shadow (BES) images of polished slabs, taken at the same magnification (40x) and corresponding elemental
spectra obtained from whole-view EDS analyses. Samples MNS A-C.
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Pril. 1b: Obrusi vzorcev, posneti z detektorjem odbitih elektronov v senénem (BES) nacinu pri enaki povecavi in ustrezajoci
elementni spektri, posneti z EDS ploskovno analizo celotnega vidnega dela vzorca. Vzorci MNS D-F.

App. 1b: Backscattered shadow (BES) images of polished slabs, taken at the same magnification (40x) and corresponding elemental
spectra obtained from whole-view EDS analyses. Samples MNS D-F.
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Pril. Ic: Obrusi vzorcev, posneti z detektorjem odbitih elektronov v sen¢nem (BES) nacinu pri enaki povecavi, in ustrezajoci
elementni spektri, posneti z EDS ploskovno analizo celotnega vidnega dela vzorca. Vzorci MNS G-H.
App. Ic: Backscattered shadow (BES) images of polished slabs, taken at the same magnification (40x) and corresponding elemental
spectra obtained from whole-view EDS analyses. Samples MNS G-H.

319



ANALIZA KERAMIKE Z VRSTICNIM ... MIKROSKOPOM SCANNING ELECTRON MICROSCOPY ANALYSIS ...
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b: Most 3 e: Most 9

c: Most 4 f: Most 12

Pril. 2: BES slike povrsine vzorcev keramike Most 2-5, 9 in 12.
App. 2: BES images of surface of samples Most 2-5, 9 and 12.
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