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ELEMENTAL MICROANALYSIS OF SELECT ARTEFACTS FROM MOLNIK

ELEMENTNA MIKROANALIZA IZBRANIH NAJDB Z MOLNIKA

Adrijan KOSIR

INTRODUCTION

Nine artefacts from archaeological contexts at
Molnik were examined under a Scanning Electron
Microscope and analysed with Energy Dispersive X-ray
spectroscopy. The inventory number of each artefact is
used for identification and correlation with the catalogue
of finds.

LIST OF ARTEFACTS EXAMINED

Roje, Grave 5 - bracelet (Inv. No. 1363; PL 3: 3)

Grmada, Grave 17/6 - head of large pin (Inv. No. 1561a;
Pl 24:1)

Grmada, Grave 17/6 - sheath of large pin (Inv. No.
1561b; PL 24: 1)

Grmada, Grave 17/6 — small pin (Inv. No. 1562; Pl. 24: 2)

Grmada, Grave 17/6 - sheath of small pin (Inv. No.
1572; PL. 24: 3)

Grmada, Grave 17/6 — helmet knob (Inv. No. 1575¢;
Pl 25: 4b)

Grmada, Grave 17/6 — helmet plate (Inv. No. 1575a;
Pl 25: 4¢)

Pleska hosta, Grave 1/10 - bead (Inv. No. 3938-PN3;
Pl 42: 4)

Pleska hosta, Grave 1/10 - bead (Inv. No. 4031-PN87;
Pl 42:2)

METHOD

Specimens were examined on a JEOL JSM-IT100
scanning electron microscope at the Microscopy Lab
of the Institute of Palaeontology ZRC SAZU, Ljubljana.
Whole specimens were mounted with double-adhesive
carbon tape on 30, 50 or 76 mm diameter aluminium
holders. Uncoated specimens were observed and pho-

tographed in low-vacuum mode (20-40 Pa) with an
accelerating voltage of 15 kV and 20 kV at a working
distance from 9 to 11 mm. Photomicrographs were taken
in topographic, compositional and shadow backscat-
tered electron imaging (BET, BEC and BES) modes.

Qualitative and semiquantitaive Energy Disper-
sive X-ray Spectroscopy elemental analysis (EDS) was
performed at the same low-vacuum (LV) conditions.
Elemental spectra were obtained on uncoated specimens
using point or small area analysis with 100 seconds
preset (live) time and automatic element identification
mode. Elements selected from qualitative results were
further analysed manually in (semi)quantitative (stand-
ardless) mode; results were calculated and reported in
pure (non-oxide) or oxide form.

On metal specimens covered with patina small
parts of the surface were carefully scratched by a scalpel
to remove the oxidised layer and uncover a clean metal
surface, approximately 1 mm? in size. EDS analyses
were performed separately both on the oxidised and
scraped surfaces.

RESULTS

1363 - bracelet? from Grave 5 at Roje:
strongly oxidised surface; Pb + Sn

1561a- head of large pin from Grave 17/6 at Grmada:
Sn (>60 %), Cu (<40 %), traces of Ag

1561b - sheath of large pin from Grave 17/6 at Grmada:
Cu (~70-77 %), Sn (~22-30 %), Pb (<2 %)

1562 (Fig. 1A) - small pin from Grave 17/6 at Grmada:
Cu, Sn, Pb + C, O, Si, S; semiquantitative: Cu (~75 %),
Sn (>20 %), Pb (<5 %)
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1572 - sheath of small pin from Grave 17/6 at Grmada: The results of the EDS analysis revealed that the
oxidised surface: Cu, Sn, Pb + C, O, Si, P, S, Cl bracelet (1363) from Grave 5 at Roje is made of a tin-lead
clean metal surface: Cu (~70 %), Sn (~20 %), Pb (>5 %) alloy in a ratio of approximately 1 : 3. They also indicated

differences in composition of parts of the large pin from

1575c¢ - helmet knob from Grave 17/6 at Grmada: Grave 17/6 at Grmada. The multi-knobbed head of the
Cu (~85 %), Sn (<15 %), traces of Pb pin (1561a) contains a significant quantity of tin, while

copper is more prevalent in the other parts, as well as in
1575a - helmet plate from Grave 17/6 at Grmada: the small pin and the pin sheaths (1561b, 1572, 1562 -
Cu (~85 %), Sn (~15 %), traces of Pb Fig. 1A). A very high quantity of copper is traceable in

the helmet parts from the same grave (1575a,c). Two
3938-PN3 (Fig. I1B) - bead from Grave 1/10 at Pleska beads from a necklace from Grave 1/10 at Pleska hosta

hosta: were also analysed (3938-PN3, 4031-PN87), showing
Si0, (>70 %), subordinate amounts of CaO, Na,O, a porous vitreous matrix (Figs. 1B and 1C) of variable
ALO,, K,0Oand C. chemical composition although both are composed

predominantly of SiO,. The bead 4031-PN87 contains
4031-PN87 (Fig. 1C) - bead from Grave 1/10 at Pleska a significant amount of quartz grains.
hosta:
bulk: SiO, (>60 %), FeO, K, 0, A1203) C, small amounts
of Ca0, Na,O and MgO
grain(s): quartz (SiO,) Proof-reading: Adrienne C. Frie

<«

Fig. 1:

A) left: backscattered topographic (BET) image of a pin from Grave 17/6 at Grmada; right: elemental spectrum obtained from
the scrapped surface, shown as a white area in the inset backscattered composition (BEC) image. Rectangle indicates the area
of EDS analysis.

B) left: backscattered shadow (BES) image of the surface of the bead 3938-PN3 from Grave 1/10 at Pleska hosta shows porous,
vitreous texture; right: elemental spectrum and an inset image indicating the EDS analysis area.

C) left: backscattered shadow (BES) image of the surface of the bead 4031-PN87 from Grave 1/10 at Pleska hosta shows porous,
vitreous texture with mineral grains; right: elemental spectrum obtained from the area marked with rectangle 001 (matrix) shown
in the inset image. Rectangle 002 marks a quartz grain.

SL 1:

A) levo: slika manjse igle iz groba 17/6 na Grmadi, posneta z detektorjem odbitih elektronov v topografskem (BET) nacinu;
desno: elementni spekter analize o¢i§¢ene povrsine, ki se na manjsi fotografiji, posneti v BEC na¢inu (compositional mode), vidi
kot svetla lisa. Pravokotnik oznacuje analizirano povrsino.

B) levo: slika jagode iz groba 1/10 v Pleski hosti, posneta z detektorjem odbitih elektronov v senénem (BES) nacinu. Porozna
steklasta tekstura; desno: elementni spekter analizirane povrsine, oznacene s pravokotnikom na manjsi fotografiji.

C) levo: slika jagode iz groba 1/10 v Pleski hosti, posneta z detektorjem odbitih elektronov v sen¢nem (BES) nacinu. Porozna
steklasta tekstura; desno: elementni spekter analizirane povrsine, oznacene s pravokotnikom 001 na manjsi fotografiji, pravo-
kotnik 002 pa oznacuje zrno kremena.
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UVOD

Pod vrsti¢nim elektronskim mikroskopom in z
energijsko disperzijsko spektroskopijo rentgenskih Zar-
kov smo analizirali devet najdb, ki izhajajo iz arheoloskih
kontekstov z Molnika. Za identifikacijsko oznako pred-
meta in povezljivost s katalogom najdb smo uporabili
muzejsko inventarno $tevilko.

SEZNAM IZBRANIH PREDMETOV

Roje, grob 5 - zapestnica? (inv. §t. 1363; t. 3: 3)

Grmada, grob 17/6 - daljsa vecglava igla (inv. §t. 1561a;
t. 24: 1)

Grmada, grob 17/6 - §¢itnik daljse vecglave igle (inv.
§t. 1561b; t. 24: 1)

Grmada, grob 17/6 — manjsa igla (inv. §t. 1562; t. 24: 2)

Grmada, grob 17/6 - $¢itnik manjse igle (inv. §t. 1572;
t. 24: 3)

Grmada, grob 17/6 — nastavek na temenski plos¢ici
Celade (inv. §t. 1575¢; t. 25: 4b)

Grmada, grob 17/6 - frag. stranska ploscica celade (inv.
§t. 1575a; t. 25: 4¢)

Pleska hosta, grob 1/10 - jagoda (inv. §t. 3938-PN3; ¢.
42: 4)

Pleska hosta, grob 1/10 - jagoda (inv. §t. 4031-PN87;
t. 42:2)

METODA

Vzorce smo proucili na vrsticnem elektronskem
mikroskopu JEOL JSM-IT100 v laboratoriju za mi-
kroskopijo na Paleontoloskem institutu ZRC SAZU v
Ljubljani. Cele artefakte ali fragmente smo z dvostran-
skim samolepilnim ogljikovim trakom pritrdili na
aluminijaste nosilce premera 30, 50 oziroma 76 mm.
Primerke smo opazovali nenapr$ene (to je brez nanosa
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tanke prevodne plasti zlata ali ogljika) in fotografirali v
grobovakuumskem nacinu (20-40 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 topografskem (BET) ali
sen¢nem (BES) nacinu.

Kvalitativno in semikvantitativno analizo z ener-
gijsko disperzijsko spektroskopijo rentgenskih zarkov
(EDS) smo izvedli pri enakih grobovakuumskih pogojih.
Elementne spektre smo posneli na nenaprsenih vzorcih
s tockovno ali ploskovno analizo s prednastavljenim
¢asom 100 sekund z avtomatskim nac¢inom identifika-
cije elementov. Kovinske elemente, izbrane na podlagi
kvalitativne analize, smo ponovno semikvantitativno
ovrednotili. Rezultate smo podali v elementni (¢isti) ali
oksidni obliki.

Pri kovinskih artefaktih, obdanih s preperelo oksi-
dirano plastjo, smo patinirano plast previdno odstranili
na manjsi, priblizno 1 mm?veliki povrsini, EDS-analize

vevy

pa smo izvedli na patiniranem in o¢i$¢enem delu.

REZULTATI

Rezultati EDS-analize so pokazali, da je zapestni-
ca (1363) iz groba 5 z Roj narejena iz zlitine kositra
in svinca, zastopana sta priblizno v razmerju 1 : 3.
Razkrili so tudi razlicno sestavo posameznih delov
daljse vecglave igle iz groba 17/6 na Grmadi. Ve¢-
glavi nastavek ima znatno vsebnost kositra (1561a),
medtem ko v drugih delih prevladuje baker (1561b),
enako kot pri manjsi igli in $¢itniku (1572, 1562 - sl.
1 A). Zelo velik delez bakra vsebujeta tudi dela ¢elade
iz tega groba (1575a,c). Analizirali smo $e dve jagodi
iz ogrlice, najdene v grobu 1/10 iz Pleske hoste (3938-
PN3, 4031-PN87); kazeta porozno steklasto teksturo
razli¢ne kemijske sestave (sl. 1B in 1C), ¢eprav v obeh
prevladuje SiO,. Jagoda 4031-PN87 vsebuje veliko
kremenovih zrn.
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V spomin Ivanu Pusu (1930-2000),
raziskovalcu arheoloskih ostalin na Molniku
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