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Raziskave z metodama protonsko vzbujene
rentgenske spektrometrije (PIXE) in
protonsko vzbujenih Zarkov gama (PIGE)

16.1 Izbor in opis metod

Metodo protonsko vzbujene rentgenske spektro-
metrije (PIXE) smo izbrali za opredeljevanje kovin
na rimski vojaski opremi, ker ne zahteva odvzemanja
vzorcev, omogoca merjenje velikih predmetov in
je primerna za analizo kovin, iz katerih so predmeti
narejeni, ter kovinskih povr$inskih prevlek in emajlov.
Pri vzorcih, ki vsebujejo lahke elemente, tj. pri emaj-
lih, smo jo kombinirali z metodo protonsko vzbu-
jenih zarkov gama (PIGE). Meritve smo izvajali na
tandemskem pospesevalniku Instituta Jozef Stefan, na
zarkovni liniji s protonskim zarkom v zraku.

Odvzem vzorcev bi omogocil uporabo tehnik, ki
dajo natan¢nejse rezultate z vi$jo mejo obcutljivosti,
npr. ICP AES (atomska emisijska spektroskopija z
induktivno sklopljeno plazmo) in AAS (atomska
absorpcijska spektroskopija), vendar bi bil mogo¢ le
pri razmeroma majhnem §tevilu predmetov rimske
vojaske opreme oziroma njihovih delov, saj so $tevilni
debeli le milimeter ali manj, zato odvzem dovol;j ve-
likega vzorca®® ne bi bil mogo¢ oziroma bi pomenil
nesprejemljivo velik poseg v predmet. Enako velja za
primere, ko je kovinsko jedro zelo slabo ohranjeno.
Poleg tega odvzem vzorcev ne bi bil primeren za ana-
lize prevlek (pozlata, posrebritev, kositrenje) in spaj-
kanja, ki so na rimski vojaski opremi pogosti.

646 Za analizo, ki bi dala zelo natan¢ne rezultate (npr. ICP AES ali
ICP MS), bi potrebovali 30 mg ali v skrajnem primeru 1S mg
vzorca (omejujoci faktor je teza vzorca, saj se teze pod 1S mg ne
da zanesljivo dolo¢iti), kar pri bakrovi zlitini predstavlja kocko s
stranico priblizno 1,6 mm oz. 1,2 mm. Zaradi nujnosti odstranitve
povrsinske plasti bi tak vzorec lahko vzeli s predmetov, pri katerih
je kovinsko jedro debelo najmanj 1,8 oz. 1,4 mm, pri tanjsih ali
slabse ohranjenih predmetih bi morali ustrezno povecati osnovno
stranico. Pri predmetu debeline 0,5 mm bi bila tako, ob upostevanju
odstranitve povr$inske plasti, osnovna stranica odvzetega vzorca
priblizno 3,5 mm (30 mg) oz. najman;j 2,5 mm (15 mg), kar pomeni,
da bi morali izrezati 3,5 x 3,5 0z. 2,5 x 2,5 mm velik del predmeta v
celi debelini.

o w

Janka Isteni¢ in Ziga Smit*

Druge minimalno destruktivne tehnike, kot je LA
ICP MS (masna spektrometrija z vzbujanjem v induk-
tivno sklopljeni plazmi z laserskim odparevanjem),
niso prisle v po$tev zaradi omejitve velikosti preisko-
vanega predmeta (100 mm x 100 mm x 15 mm).

Metoda PIXE temelji na obsevanju tar¢e s proton-
skim Zarkom. Ob trku protona z atomom se v notra-
njih lupinah ustvarjajo vrzeli, ob njihovi zapolnitvi
pa se lahko izsevajo rentgenski zarki z znalilnimi
energijami. Pri obdelavi rentgenskih spektrov najprej
dolo¢imo energije in jakosti posameznih ¢rt, nato pa
iz njih vsebnost posameznih elementov.

Za obdelavo spektrov smo uporabljali program AXIL,
vsebnosti pa smo ra¢unali s programom, ki smo ga
razvili sami. Ra¢unska metoda temelji na neodvisnih
fizikalnih parametrih in upo$teva sekundarno vzbu-
janje rentgenskih Zarkov v kovinskih tar¢ah. Kon-
centracije smo normirali s pogojem, da je vsota vseh
izmerjenih vsebnosti enaka 100 %.

Meritve smo izvajali s protonskim Zarkom v zraku;
tega dobimo tako, da protone speljemo na prosto
skozi okence iz tanke kovinske folije. Kot okence smo
navadno uporabljali 8 pm debel aluminij, nekaj meri-
tev smo izvedli tudi z 2 pm debelo tantalovo folijo, ki
jo sicer uporabljamo pri meritvah z Zarki gama (me-
toda PIGE) zaradi majhnega ozadja ¢rt gama. Nomi-
nalna energija protonov pri vetini meritev je bila
3 MeV, zaradi energijskih izgub v okencu in priblizno
1 cm $iroki zraéni rezi med okencem in tarco se je na
povrsini tar¢e zmanj$ala na priblizno 2,77 MeV. Zara-
di sipanja protonov na tej poti se je zarek razmazal po
kotu (smeri), tako da je imel na taréi priblizno $irino
0,8 mm na polovi¢ni visini. V praksi je to pomenilo
$irino zarka 2-3 mm na tar¢i. V nekaterih primerih
smo Zarek dodatno zozili z zaslonko iz aluminija, v
kateri je bila luknjica s premerom 0,2 mm. Pri zelo
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about 2.77 MeV at the target surface. Proton scatter-
ing along this path smeared the beam lateral distribu-
tion, so it had a width of about 0.8 mm at half-maxi-
mum at the target surface. In practice it meant that the
beam at the target surface measured 2-3 mm. In a few
cases we additionally narrowed the beam using a dia-
phragm with an opening of 0.2 mm. For a very short
distance between the diaphragm and target (about
3 mm) we achieved the beam size at the target of
about 0.3 mm. However, as a consequence, the result-
ing X-ray count rate was very low, therefore we used
such a set-up for selected cases only and accepted low
counting statistics.

The X-rays were detected by a Si(Li) detector with
an energy resolution of 165 €V at 5.89 keV. On the
way towards the detector, the X-rays passed an ap-
proximately 6 cm wide air-gap, which partly attenu-
ated them. The copper alloys were measured with an
additional absorber of 0.3 mm thick aluminum foil,
which attenuated copper X-rays lines that appeared
rather intensive in comparison with weak, but more
penetrative K X-rays of silver, tin and antimony. The
disadvantage of this type of measurement was inter-
terence of the copper escape peak at 6.30 keV with the
Ka line of iron. We were not able to sufficiently dis-
tinguish between the two lines, so we generally over-
estimated the iron content for most of the measure-
ments (typically we determined 0.5-1% Fe instead of
a few tenths of percent). In order to get more reliable
concentration of the elements lighter than copper, we
for most part made another, shorter measurement
using the air-gap as the only absorber, thus reducing
the relative contribution of the copper escape peak.
In this way we also obtained more accurate values
for nickel and cobalt. For calculation of concentra-
tions of the elements lighter than copper we then
took into account the measurement in the air, while
for heavier elements we relied on the measurement
with the aluminum absorber. We also made some test
measurements using a selective absorber of cobalt
foil, which strongly attenuates copper X-rays, but we
gave up since we did not dispose of accurate enough
X-ray attenuation coefficients in cobalt. The measure-
ments of the objects made of silver alloy with about
90% Ag were made with an aluminum absorber of 0.1
mm thickness. Because of less intense attenuation of
iron X-rays in comparison with the thicker aluminum
absorber, and due to relatively weak copper lines, an
additional measurement without the aluminum ab-
sorber was not necessary.

The measurements were performed between the
years 1999 and 2017, usually in parallel with the con-
servation of particular objects or immediately after

it. During this period, in accordance with the expe-
rience we gained, we varied the experimental setting
with the proton beam in air, and improved the docu-
mentation of the measured points on the objects. For
instance, we abandoned measurement on iron®’ (as
on the edges of sword scabbards) because we could
recognize it by eye or with magnetic testing, yet the
method of PIXE is not able to analyze the composi-
tion of iron alloys (steel).

Most of the measurements were made on the surface
of the objects or their parts after the end of conser-
vation procedure. Such surfaces were almost without

patina.’*

At the points selected for the measurement
we removed the patina up to the metal core in area of
about 2-3 mm?. Inspection of the so prepared points
under the stereo microscope revealed that a complete
removal of the patina is hard to achieve, so one has to
be aware that the analytical results from such points
refer to the metal core with (minimal) remains of the

patina.

16.2 Results of the
measurement

The results of the measurements are given in mass % in
the tables and for each object separately. The number
of given digits is in accordance with accuracy of the
measurement. Most of the measurements are given
with a precision of three digits, but with two digits
only for the case of elements that were measured
with an uncertainty larger than 10%. In a few cases,
when the concentrations were determined from the
very weak X-ray lines sitting on the low-energy tails
of intense X-ray lines, the values are given by one
digit only. The list of chemical elements in particular
tables can be different and involves all elements that
were detected in a particular series of measurements.
If an element at a particular measurement of the series
was not detected, its concentration was below the
detection limit, and in the table we denoted it with
the sign -.

The measurements in the points, from which the
patina was removed, thus exposing the bare metal
core, are marked with a star (*) in the tables. The
measurements with a narrow proton beam are marked
with r, both attached to the number that denotes the
measured point.

647 When using the expression iron we understand that this is not a
chemically clean iron, but it may also contain the admixtures of light
elements, such as carbon (compare Chapter 1).

648 The expression patina is used as a synonym for corrosion (surface
oxides) at the object surface.
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kratki razdalji med zaslonko in tar¢o (okoli 3 mm)
smo dosegli, da je imel zarek na tar¢i velikost okrog
0,3 mm. Seveda je bila hitrost Stetja rentgenskih
zarkov tedaj zelo majhna, zato smo tako nastavitev
uporabili le v izbranih primerih in se zadovoljili s
slab$o $tevno statistiko.

Rentgenske 7arke smo zaznavali z detektorjem Si(Li)
z energijsko locljivostjo okoli 165 eV pri 5,89 keV.
Zarki so do detektorja potovali po priblizno 6 cm
$iroki zraéni rezi, kjer so se zaradi absorpcije v zraku
oslabili. Bakrove zlitine smo merili z dodatnim ab-
sorberjem iz 0,3 mm debele aluminijeve folije, saj
smo s tem udusili bakrove ¢rte, ki so moéne v primer-
javi z zelo $ibkimi, a bolj prodornimi ¢rtami K srebra,
kositra in antimona. Slabost tak$nega merjenja je bila
interakcija ubezne bakrove ¢rte pri energiji 6,30 keV
s ¢rto Ka zeleza. Obeh ¢rt nam ni uspelo zadovoljivo
lo¢iti, zato smo pri ve¢ini meritev dolo¢ili prevelike
vsebnosti zeleza (tipi¢no 0,5-1 % Fe, namesto nekaj
desetink odstotka). Da bi dobili to¢nejse vrednosti
elementov, ki so lazji od bakra, smo v ve¢ini primerov
naredili dodatno, kraj$o meritev, z zra¢no rezo kot
edinim absorberjem, s ¢imer smo zmanjsali relativni
prispevek bakrovega ubeznega vrha. S tem smo do-
bili tudi natan¢nejSe vsebnosti niklja in kobalta. Pri
izra¢unu vsebnosti elementov, lazjih od bakra, smo
upostevali meritve v zraku, za tezje elemente vklju¢no
z bakrom pa smo se zanesli na meritev z aluminijevim
absorberjem. Nekaj poskusnih meritev smo naredili s
selektivnim absorberjem iz kobaltove folije, ki mo¢no
udusi ravno bakrove ¢rte, vendar smo tak na¢in mer-
jenja opustili, ker nismo imeli dovolj natan¢nih podat-
kov za atenuacijske koeficiente rentgenskih Zarkov v
kobaltu. Meritve predmetov iz srebrove zlitine z okoli
90 % Ag smo opravili z aluminijevim absorberjem
debeline 0,1 mm. Zaradi manj$e atenuacije zelezovih
¢rt, v primerjavi z debelej$im aluminijevim absorber-
jem, in zaradi razmeroma $ibkih bakrovih ¢rt dodatna
meritev brez absorberja ni bila potrebna.

Meritve smo izvajali med letoma 1999 in 2017,
obicajno vzporedno s konservacijo posameznih pred-
metov oziroma takoj po njej. V tem obdobju smo, v
skladu z izku$njami, ki smo jih pridobivali, spreminjali
nastavitve poskusa s protonskim zarkom v zraku in iz-
popolnjevali dokumentiranje lege merjenih mest na
predmetih. Tako smo na primer meritve na zelezu®’
(npr. robni okovi noznic mecev) opustili, ker smo ga v
velini primerov prepoznali na pogled in z magnetnim
preizkusom, poleg tega pa metoda PIXE ni primerna
za ugotavljanje sestave zelezovih zlitin (jekla).

647 Ob rabi izraza Zelezo privzemamo, da ne gre za kemijsko Cisto Zelezo,
ampak vsebuje primesi lahkih elementov; na primer ogljik (prim. 1.

pogl).

Vecino meritev smo naredili na povr$ini predmetov
oz. njihovih delov po konservaciji. Take povrsine so

lahko skorajda brez patine®*

ali pa je ta bolj ali manj
izrazita. Na izbranih mestih meritev smo (kolikor do-
bro je bilo ob zmerni invazivnosti mogo¢e) s povriine
premera 2-3 mm’ odstranili povrsinsko plast do ko-
vinskega jedra. Opazovanje tako pripravljenih mest
pod stereomikroskopom je pokazalo, da je popolno
odstranitev patine tezko dosedi, zato se je treba zave-
dati, da se rezultati meritev takih mest nanasajo na ko-

vinsko jedro z (minimalnimi) ostanki patine.

16.2 Rezultati meritev

Rezultate meritev podajamo v masnih %, v pregled-
nicah in za vsak predmet posebej. Stevilo podanih
mest se ujema z natancnostjo meritve. Vecina meritev
je podana na tri mesta natan¢no, v primeru elemen-
tov, ki so merjeni z napako, ve¢jo od 10 %, pa na dve
mesti. V redkih primerih, ko smo vsebnost posa-
meznih elementov razbrali iz $ibkih rentgenskih ¢rt
na nizkoenergijskih repih mo¢nih rentgenskih ¢rt, so
vrednosti podane le z enim mestom. Nabor elemen-
tov v posameznih preglednicah je lahko razli¢en in
obsega vse elemente, ki smo jih zaznali v izbranem
sklopu meritev. Ce kakega elementa iz nabora pri
posamezni meritvi nismo zaznali, pomeni, da je bila
njegova vsebnost pod mejo obcutljivosti; v pregled-
nici smo v takih premerih uporabili znak -.

Meritve mest, s katerih je bila s povrSine odstranjena
patina, tako da je izpostavljeno kovinsko jedro, so
v preglednicah oznacene z zvezdico (*), meritve z
ozjim protonskim zarkom pa z &; oboje ob $tevilki, ki
oznacuje mesto meritve.

Mesta meritev smo $tevil¢ili z zaporednimi $tevili,
vendar zaradi razli¢nih vzrokov (kovina se je na
primer izkazala za Zelezo) nismo vedno izvedli vseh
meritev. V takih primerih so $tevilke predvidenih,
a neopravljenih meritev v preglednicah rezultatov
izpuScene.

Lego in izgled merjenih mest smo fotografsko doku-
mentirali. V knjigi so merjena mesta praviloma
oznafena na risbah (izjemoma na fotografijah)
predmetov in obic¢ajno vidna na fotografijah pred-
metov, kot so bili pripravljeni za analize PIXE.
Fotografij predmetov z oznaCenimi mesti meritev
PIXE nismo objavili, kadar ne dajejo ve¢ podatkov
kot risba predmeta z oznaCenimi mesti meritev in

648 Izraz patina uporabljamo kot sinonim za korozijo (povrsinske ok-
side) na povrsini predmeta.
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The measured points were numbered in sequential
order, yet due to different reasons (the metal, for in-
stance, being recognized as iron) we did not execute
all measurements. In such cases, the numbers of
planned, but not realized measurements are omitted.

The position and appearance of the measured points
were photographically documented. In the book, the
measured points are as a rule marked on the drawings
of the objects (exceptionally on the photographs) and
they are usually visible in the photographs of the ob-
jects that were prepared for the PIXE analyses. The
photographs of the objects with the marked points of
measurements were not published if they do not pro-
vide more information than the drawing of the object
with the marked measured points and a photography
of the object in the Catalogue. In the first years of re-
search, the photographic documentation of the mea-
sured points was not yet systematic; in such cases, the
measured points are given in the publication just in
the object drawings.

All tables with the measured results are followed by
a commentary that contains an explanation of the re-
sults and eventually additional clarification.

To check the accuracy of the method we used the brass
standard NIST 1107 that contains 0.037% Fe, 0.098%
Ni, 61.2,% Cu, 37.3,% Zn, 0.18% Pb and 1.04% Sn
(according to the updated data, 1.066% Sn). With an
accuracy of a few percent we were able to reproduce
the concentration of both major elements Cu and Zn
and the concentration of Pb.

We found out that our measurements showed a too
high content of Fe (due to the contribution of copper
escape peak). For the measurement with the alumi-
num absorber of 0.3 mm we measured the apparent
iron content of about 1%, while for the combined
measurement with an Al absorber and without it, the
measured value (0.05-0.07%) was only slightly high-
er than the standard value.

Too high values were also measured for Nj, as its Ka
line sits on the tail of the intense copper Ka line; the
measured values between 0.1 and 0.18% were close to
the detection limit.

For Sn we obtained values between 1.0 and 1.1%.
Simulation of the experimental set-up showed that
the measured Sn values are rather sensitive to geo-
metrical parameters — proton impact angle and X-ray
take-off angle. Since we were not able to control them
with an accuracy greater than 10°, the accuracy of
small concentrations of Ag, Sn and Sb may be uncer-
tain up to +10% of the measured values.

The iron concentrations that were only measured by
the aluminum absorber, are given in the tables by two
digits only (one decimal place).

For the elements that are important for the analysis
of copper alloys, we were limited by the detection
limits. Iron, cobalt and nickel at concentrations above
0.1% could only be detected if we made an additional
measurement without aluminum absorber. The zinc
Ka line coincides with the low-energy tail of the cop-
per Kp line, so the presence of zinc could only be
identified from the presence of zinc Kp line. This de-
termines the detection limit of zinc for our measure-
ments, which was approximately 0.4%.

The detection limits for lead (Pb), bismuth (Bi), arse-
nic (As) and selenium (Se) were about 0.05%, while
the arsenic K lines could only be resolved from the
lead L lines through the arsenic Kp line. The detec-
tion limits for silver (Ag), tin (Sn) and antimony
(Sb) were 0.1-0.2%; the main reason for this was low
counting statistics as a consequence of small ioniza-
tion cross sections. The detection limits worsened by
an order of magnitude when we cut the beam with the
0.2 mm diaphragm.

Results obtained from the repeated measurements
on the same object spots often varied more than we
expected according to the described limitations and
findings (see Table A7: 2, 7). We explain this by the
spots that were prepared for the measurement not
always being uniform (for example, non-uniformly
distributed remains of patina on the prepared spot, or
for the measurement on patina, its non-uniform com-
position in a small area) and by the variation of geo-
metrical parameters at our measurements. The most
variable was the iron content, which was rather high
for the measurement on patinated surfaces of the cop-
per-alloy objects. From the iron intensities we even
guessed how well we hit the pre-prepared measured
spot with the proton beam, or how thoroughly the pa-
tina was removed from the spot.** In a few examples,
when we measured a tiny color-alloy structure on an
iron substrate, the main contribution of the iron sig-
nal was attributed to the substrate and was not taken
into account for the calculation of concentrations.

The range of 1 MeV protons in copper is 7 microm-
eters (7 pym; 0,007 mm), and for 3 MeV protons it
is 35 pm. As the ionization cross section is a rapidly
decreasing function of the decreasing proton energy,
and the induced X-rays are attenuated in the target,

649 Patina could be defined as the accumulation of corrosion products
and other materials from the environment (Scott 2002, 9). We con-
jecture that the main source of iron in the patina was the iron of the
mud or from the surrounding object (cf. Ingo et al. 2006, 586).
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fotografije predmeta v Katalogu. V prvih letih raziskav
fotografsko dokumentiranje merjenih mest $e ni bilo
sistemati¢no; v takih primerih so mesta meritev v
objavi podana le na risbah predmetov.

Vsaki preglednici z rezultati meritev sledi komentar,
ki vsebuje razlago rezultatov in morebitna dodatna
pojasnila.

Za preverjanje to¢nosti metode smo uporabljali me-
deninast standard NIST 1107, ki vsebuje 0,037 % Fe,
0,098 % Ni, 61,2, % Cu, 37,3, % Zn, 0,18 % Pb in 1,04
% Sn (po novejsih podatkih 1,066 % Sn). Pri tem smo
z natan¢nostjo nekaj % reproducirali vsebnosti obeh
prevladujoc¢ih elementov Cu in Zn ter koncentracijo

Pb.

Ugotovili smo, da nae meritve pokazejo previsok
dele Fe (zaradi prispevka bakrovega ubeznega vrha).
Pri meritvah z aluminijevim absorberjem 0,3 mm
smo izmerili navidezno vsebnost Fe okrog 1 %, s kom-
biniranima meritvama z Al absorberjem in brez njega
pa je bila izmerjena vsebnost Zeleza (0,05-0,07 %) le
malo vi$ja od standardne vrednosti.

Prevelike vsebnosti smo izmerili tudi pri Ni, saj nje-
gova ¢rta Ka sedi na repu moc¢ne bakrove ¢rte Ka;
izmerjene vsebnosti med 0,1 in 0,18 % so bile na meji

Zaznave.

Za vsebnosti Sn smo dobili vrednosti med 1,0 in
1,1 %. S simulacijo eksperimentalne nastavitve smo
se prepricali, da na izmerjene vsebnosti Sn mo¢no
vplivajo geometrijski parametri — vpadni kot proto-
nov in izstopni kot rentgenskih zarkov. Ker ju nismo
mogli nadzorovati bolj kot na 10° natan¢no, so vred-
nosti majhnih vsebnosti Ag, Sn in Sb lahko negotove
do £10 % izmerjene vrednosti.

Vsebnosti zeleza pri meritvah, ki smo jih opravili le z
aluminijevim absorberjem, so v tabelah podane le z
dvema mestoma (eno decimalko).

Pri elementih, ki so pomembni za analizo bakrovih
zlitin, smo bili omejeni z mejami zaznave. Zelezo,
kobalt in nikelj smo pri vsebnostih nad 0,1 % lahko
ugotavljali le, ¢e smo naredili dodatno meritev brez
aluminijevega absorberja. Cinkova ¢rta Ka sovpada z
nizkoenergijskim delom bakrove ¢rte KB, zato smo na
prisotnost cinka sklepali po prisotnosti cinkove érte
Kp. Ta dolo¢a mejo, pri kateri so nase meritve zaznale
cink, pri priblizno 0,4 %.

Pri svincu (Pb), bizmutu (Bi), arzenu (As) in selenu
(Se) je bila meja zaznave okoli 0,05 %, pri ¢emer smo

arzenovi ¢rti K lahko lo¢ili od svin¢evih ¢ért L le po
arzenovi &rti KB. Meja zaznave za srebro (Ag), ko-
siter (Sn) in antimon (Sb) je bila 0,1-0,2 %, k ¢emur
je prispevala slaba $tevna statistika zaradi majhnih
ionizacijskih presekov. Meja zaznave je bila za veliko-
stni red slabsa, kadar smo Zarek obrezali z zaslonko
0,2 mm.

Pri ponavljanju meritev na istih mestih predmetov
so se rezultati veasih (npr. pregl. A7: 2, 7) razliko-
vali bolj, kot bi pri¢akovali glede na opisane ome-
jitve oziroma ugotovitve. To si razlagamo tako, da
za meritev pripravljena oziroma izbrana mesta niso
povsem enotna (npr. neenakomerno razporejeni os-
tanki patine na za meritev pripravljenem mestu ali pri
meritvah na patini njena neenakost na razmeroma
majhnih povrdinah), vzrok za odstopanje bi lahko
bilo tudi spreminjanje geometrijskih parametrov pri
meritvah. Najbolj so se spreminjale vsebnosti Zeleza,
ki so bile izrazito visoke pri meritvah na patinirani
povrsini predmetov iz bakrovih zlitin, tako da smo
po izmerjenih vrednostih Zeleza sklepali, kako dobro
smo zadeli za meritev pripravljeno mesto brez patine
oziroma kako temeljito je bila patina z njega odstra-
njena.*’ V nekaterih primerih, npr. ko smo merili
drobno strukturo iz barvne zlitine v Zelezni podlagi,
smo vecino zelezovega signala pripisali podlagi in ga
nismo upostevali pri izra¢unu vsebnosti.

Doseg protonov z energijo 1 MeV v bakru je 7 mik-
rometrov (7 pm; 0,007 mm), pri energiji 3 MeV pa
35 pm. Ionizacijski presek zelo hitro pada z energijo
protonov, rentgenski zarki pa se v snovi absorbirajo,
zato je efektivna debelina za produkcijo rentgenskih
zarkov $e manj$a: pri pravokotnem vpadu protonov
z energijo 1 MeV v baker znasa 1,4 ym, pri 3 MeV
protonih pa je 7,1 um. V ¢istem kositru, ki seva
prodornejse Zzarke, so efektivne debeline nekoliko
vedje, in sicer 2 um pri 1 MeV in 12,5 ym pri 3 MeV.
Efektivni doseg protonskih zarkov v srebru je med
vrednostma za baker in kositer.

Metodo PIXE lahko uporabimo tako, da v isti toc¢ki
opravimo ve¢ zaporednih meritev z razli¢nimi ener-
gijami, pri ¢emer vzbujamo rentgenske zarke pri ve¢
efektivnih globinah. To nam omogo¢i, da iz rezulta-
tov zaporedja meritev izratunamo profile vsebnosti
za posamezne merjene kemijske elemente (diferen-
cialna metoda PIXE).%® Tako smo ugotavljali debe-
lino pokositrenja na bronasti plo¢evini noznice A9 in
srebrne prevleke na okovu spone H2 (glej spodaj).

649 Patino sestavljajo korozijski produkti in materiali iz okolice (Scott
2002, 9). Domnevava, da so bili glavni vir Zeleza v patini Zelezni
predmeti v bliZini ali Zelezo v mulju (prim. Ingo et al. 2006, 586).

650 Smit, Isteni¢, Knific 2008.
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the effective thickness for X-ray production is even
smaller: at perpendicular impact of 1 MeV protons it
is 1.4 ym, and for 3 MeV protons it is 7.1 ym. In pure
tin, which emits more penetrative X-rays, it is slightly
greater, 2 ym at 1 MeV and 12.5 pm at 3 MeV. The ef-
fective range of protons in silver is between the values
for copper and tin.

The method of PIXE can also be applied in such a
way that we make a series of measurements on the
same spot with different impact energies, thus induc-
ing X-rays at different effective depths. This allows us
to de-convolute the series of measurements into the
concentration profiles of the particular chemical ele-
ments (differential PIXE method).®*° In this way we
determined the thickness of tinning on the bronze
sheet of scabbard A9 and of the silver plating on the
buckle plate H2 (see below).

A. Swords and scabbards

A1 (Table A1; Fig. 61)

Measurements were taken immediately after conser-
vation. There was no visible patina on the measured

scabbard fittings.

All fittings are of brass, containing from ca. 15% to
21% zinc (Table Al: 4-7, 9, 10, 13-16, 18-24). This
variation in zinc content which is largely attributable
to the traces of patina not visible with the naked eye.
Because of de-zincification, the proportion of zinc in
the corrosion layer on objects of brass or gunmetal is
expected to be smaller than in the metal core, hence
even the smallest remains of corrosion products influ-
ence the measured zinc content.

The scabbard’s brass guttering is composed of five
pieces, with bronze lining at the joints ( Table A1: 2-3,
11, 17). The interior (concave) surface of the lining
is not contaminated with soldering (Table Al: 17),
hence the measurement there is relevant for estimat-
ing the actual composition of the lining.

Pieces of the guttering and the net-like fitment were
soldered together using a tin-lead alloy (Table Al: 1,
8, 11, 12). The measured tin and lead contents vary
greatly. This is in part due to the solder only surviv-

650 Smit, Isteni¢, Knific 2008.
651 Pollard, Heron 1996, 211; Scott 2002, 27-31.

Spot/

Mesto  Fe Cu Zn Sn Pb

1 1.78 7.3 0.43 69.2 21.2
2 1.21 88.0 - 9.8 1.0
8 1.16 86.8 - 10.8 1.2
4 0.57 77.3 20.4 1.3 0.3
5 0.29 82.5 15.5 1.0 0.7
6 0.37 78.9 19.3 1.3 0.1
7 1.09 79.5 16.9 1.9 0.5
8 3.2 14.0 1.5 55.0 26.3
9 0.35 83.4 15.2 0.9 0.1
10 0.29 82.2 16.5 0.9 0.1
11 0.68 72.7 ° 25.3 1.31
12 8.6 4.1 0.4 75.0 11.9
13 0.31 79.1 19.9 0.3 0.4
14 0.52 80.8 17.2 0.6 0.8
15 0.63 81.0 16.8 14 0.2
16 0.75 79.7 18.1 1.2 0.2
17 0.82 93.7 - 5.3 0.1
18 0.38 79.7 18.6 0.4 0.9
19 0.46 84.3 14.9 0.3 0.04
20 1.14 82.9 14.9 0.9 0.1
21 0.49 80.2 18.5 0.7 0.1
22 0.61 77.6 20.7 0.8 0.2
23 0.47 78.4 20.0 0.9 0.2
24 1.8 79.1 18.2 0.7 0.2

ing in small patches that were very difficult to hit with
the proton beam and the presence of copper indicates
that in some instances the surrounding area was mea-
sured as well. We can also not exclude the possibility
that the solder was less than 0.01 mm thick and the
proton beam penetrated to the underlying metal.

The exceptionally high iron content measured on
Spot 12 shows that the patina was not well removed
here.

The rivets were not measured; their appearance cor-
responds with that of the brass fittings.
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Figure 61
Scabbard A1l: the
measured spots.
Slika 61

NozZnica A1, lega
merjenih mest.

(7 R O ™

A. Meci in noZnice

Al (pregl. Al; sl. 61)

Meritve smo naredili na sveze konserviranem pred-
metu. Na povrs$ini merjenih okovov noZnice s prostim
oc¢esom ni bilo videti patine.

Vsi okovi so iz medenine, ki vsebuje od najmanj okoli
15 do 21 % cinka (pregl. Al: 4-7, 9, 10, 13-16, 18-
24). Glavni vzrok za precejinje razlike v izmerjenih
vrednostih so verjetno ostanki patine na merjenih
mestih. Vsebnost cinka v korodirani povrsini predme-
tov iz medenine (in drugih bakrovih zlitin s cinkom)
je namre¢ bistveno nizja kot v kovinskem jedru,*!
zato Ze majhni ostanki korozije na analiziranem mestu

vplivajo na izmerjeni deleZ cinka.

Medeninast robni okov je sestavljen iz petih delow.
Na stikih je podloga iz brona (pregl. Al: 2-3, 11, 17).
Dele? kositra, izmerjen na notranji (vboceni) povrsini
podloge (5,3 %; pregl. Al: 17), je primeren za oceno
dejanskega deleza kositra in svinca v podlogi, ker ta
povrsina ni kontaminirana s spajkanjem.

Za spajkanje delov robnega okova in mreZastega oko-
va so uporabili zlitino kositra in svinca (pregl. Al: 1,8,
11, 12). Na razli¢nih mestih izmerjeni delezi kositra
in svinca se mo¢no razlikujejo. To je med drugim ver-
jetno posledica dejstva, da je lot ohranjen na majhnih
povrsinah, ki jih je bilo s protonskim Zarkom tezko
zadeti (zato je zadel tudi okolico, kar jasno kazejo
izmerjeni delezi bakra); ni izklju¢eno, da je lot tenak
manj kot 0,01 mm in je zato protonski Zarek lahko
dosegel podlago.

Visok odstotek na mestu 12 izmerjenega Zeleza kaze,
daje bila tam patina odstranjena slabse kot drugje.

Zakovic nismo merili; po izgledu povsem ustrezajo
robnemu in drugim okovom iz medenine.

651 Pollard, Heron 1996, 211; Scott 2002, 27-31.
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A2 (Table A2, Figs. 62, 63)

Measurements were taken immediately after conserva-
tion. There was no visible patina on the measured spots.

The suspension band (Table A2: 2, 4) and the two
rivets (Table A2: 1, S) fastening it to the guttering are
of brass containing ca. 16-18% zinc.

The guttering is of iron (Table A2: 3). The measured
copper, zinc and arsenic were presumably transferred
onto the guttering during conservation.

A3 (Table A3, Figs. 64, 65a, b)

The metals were measured on spots where the patina
had largely been removed.

Thesuspensionband (Table A3: 1), rivets (Table A3: 3)
and ring on the suspension band (Table A3: 4) are of
brass with at least ca. 19% zinc. The guttering is of iron
(Table A3: 2).

The iron content measured on Spots 1, 3 and 4 is un-
certain, as single measurements were taken with a
0.3 mm thick aluminium absorber. The values in the
table show that either the patina was not entirely re-
moved or the proton beam hit the area around the
spot prepared for measurement.

A5 (Table A5, Figs. 66, 67a-i)

Measurements were taken immediately after conserva-
tion. There was no visible patina on the measured spots.

The sword’s handguard plate is of copper (Table AS: 1, 2).
The shiny surface on the underside is a very thinly (1.5 pm
at Spot 4, 1.1 pm at Spot S) applied layer of tin through
which the beam penetrated to the underlying copper (Ta-
ble AS: 4,5). The traces of a tin-lead alloy on the upper side
(Table AS: 3) suggest remains of soldering.

The sheet metal covering the front of the scabbard
is of brass with at least ca. 24.6% zinc (Table AS: 9,
10). Its well-preserved shiny silvery surface revealed
ca. 11 and 19% tin, indicating that the sheet brass was
tinned, while the beam also penetrated to the under-
lying brass (Table AS: 7, 8).

The mouth band (Table AS: 14), all three crossbands
(Table AS: 15-17), the ring on one of the suspension
bands (Table AS: 20), the openwork chape (Table AS:
12) and the terminal knob (Table AS: 13) are of brass.

152 RESEARCH USING THE METHODS OF PIXE AND PIGE

Spot/
Mesto

u A W N

Spot/
Mesto

1*

gx
4%

Spot/
Mesto

v A WO N -

~N

10
11
12
13
14
15
16
17
18x
19
20

24
1.8
98.2
1.8
25

Fe
1.3
97.6
1.5
1.5

Fe
0.6
0.6

1.3
0.6
11
11
0.6
0.8
0.6
93.5
0.8
1.0
0.5
0.5
0.3
0.9
1.2
1.0
0.6

Cu
80.6
79.3
1.3
80.8
78.6

0.23

0.22
0.19

Cu

98.6
98.4
28.8
83.8
88.2
67.8
66.2
60.8
73.6
73.3
4.4

77.2
71.8
78.4
75.2
75.4
75.0
96.8
97.1
75.2

Zn
16.0
18.1
0.2
16.4
16.7

Cu

78.1
0.91
78.7
78.2

Zn
0.4
0.4
1.5
0.3
0.3
16.2
215
18.8
24.7
24.6
14
21.2
26.4
20.4
23.3
233
23.3
14
11
233

As Pb
0.02 0.07
0.02 0.17
0.04 -
0.03 0.15
0.02 0.05
Zn As
19.5 -
144 0.05
186 -
19.2 -
As
0.13
0.15
0.13
0.14
0.08
0.01
0.01
0.19
0.21
0.06
0.17
0.19
0.19
0.36
0.39
0.17

0.1

Pb

0.27
0.05
0.14
0.38

Pb

0.11
0.13
5.7

0.19
0.17
0.58
0.05
0.21
0.03
0.03
0.1

0.07
0.08
0.10
0.12
0.08
0.08
0.04
0.02
0.06

Sn
0.8
0.6

0.7
1.0

Sn
0.62

0.76
0.53

Sn
0.1
0.1
64.0
14.2
10.5
14.1
111
19.5
0.8
1.3
0.6
0.5
0.4
0.5
0.6
0.7
0.5
0.2
0.3
0.6

Table A2
Preglednica A2

Table A3
Preglednica A3

Table A5
Preglednica A5



Figure 62
Sword scabbard fragment A2:
the measured spots.

Slika 62
NozZnica A2, lega merjenih
mest.

Figure 63

Spots measured on the A2
sword scabbard fragment:
measured Spots 1 and 5 on
the rivet, Spots 2 and 4 on
the suspension band and
cross band and Spot 3 on
the guttering.

Slika 63

NozZnica A2, mesta1in 5
(zakovica), 2, 4 (prec¢ni okov)
in 3 (robni okov).

Figure 64
The A2 sword scabbard

fragment: the measured spots.

Slika 64
NoZnica A3, lega merjenih
mest.

Figure 65a

Spots measured on the A3
sword scabbard fragment:
measured Spot 1 on the
suspension band, Spot 2 on
the guttering and Spot 3 on
the rivet.

Slika 65a

NoZnica A3, mesta 1 (precni
okov), 2 (robni okov) in 3
(zakovica).

Figure 65b

Sword scabbard fragment
A3: measured Spot 4 on the
suspension ring.

Slika 65b

NozZnica A3, mesto 4 (obrocek
na pre¢nem okovu).

N

A2 (pregl. A2, sl. 62, 63)

Meritve smo naredili na sveze konserviranem pred-
metu. Namerjenih mestih ni bilo o¢itnih sledov patine.
Rezultati kazejo, da so pre¢ni okov (pregl. A2: 2, 4) in
zakovici (pregl. A2: 1, S), ki sta ga pripenjali na robni
okov, iz medenine z najmanj okoli 16 do 18 % cinka.
Robni okov je iz Zeleza (pregl. A2: 3). Izmerjeni deleZi
bakra, cinka in arzena so bili na robni okov najverjet-
neje zaneseni med konservacijo.

A3 (pregl. A3, sl. 64, 65a, b)

Barvne kovine smo merili na mestih, s katerih smo v
glavnem odstranili patino.

Rezultati kazejo, da so pre¢ni okov (pregl. A3: 1), za-
kovici (pregl. A3: 3) in obroé¢ek na pre¢nem okovu
(pregl. A3: 4) iz medenine, ki vsebuje najmanj okoli
19 % cinka. Robni okov je Zelezen (pregl. A3: 2).

Na mestih 1, 3 in 4 izmerjene vsebnosti Zeleza so nego-
tove, ker smo naredili le po eno meritevz 0,3 mm debe-
lim Al absorberjem. Vrednosti v tabeli tudi dopuscajo,
da patina ni bila povsem odstranjena z merjenih
povrsin ali/in pa je protonski Zarek pri meritvah zadel
tudi okolico za meritve pripravljenega mesta.

A5 (pregl. A5, sl. 66, 67a-i)

Meritve smo izvajali na svezZe restavriranem predme-
tu. Na merjenih mestih ni bilo o¢itnih sledov patine.

Stitnik branika meca je iz bakra (pregl. AS: 1, 2).
Svetle¢a se povrsina na spodnji strani je izredno tenko
(1,5 pm v to¢ki 4 in 1,1 um v to¢ki 5) nanesena plast
kositra, skozi katero je zarek segel do bakrene pod-
lage (pregl. AS: 4, §), ostanki zlitine kositra in svinca
na zgornji strani (pregl. AS: 3) pa nakazujejo ostanke
spajkanja.

Ploc¢evina, ki prekriva sprednjo stran noznice, je iz
medenine z najmanj okoli 24,6 % cinka (pregl. AS: 9,
10). Meritve na dobro ohranjeni srebrno svetle¢i se
povrsini so pokazale okoli 11 oziroma 19 % kositra, ki
govori za to, da je bila medeninasta plo¢evina na zu-
nanji strani prekrita z zelo tenko plastjo kositra, skozi
katero je zarek dosegel podlago (pregl. AS: 7, 8).

Okov ob ustju (pregl. AS: 14), vsi trije pre¢ni okovi
(pregl. AS: 15-17), obro¢ek na pre¢nem okovu
(pregl. AS: 20) ter okov s predrtim okrasom na konici
(pregl. AS: 12) in zakljuéni gumb (pregl. AS: 13)
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The measured zinc content varies between 20.4 and
26.4%. The low iron content (0.3-1.0%) indicates that
not much patina remained on the measured spots.

Measurements of the mouth band (Table AS: 6) show
that the overlapping ends were most likely soldered
together with tin; the measured copper, zinc and ar-
senic indicate that the beam also hit a large part of the

Figure 66

Sword and scabbard A5:
the measured spots.
Slika 66

? Mec in noZnica A5, lega
12 merjenih mest.

13

brass surrounding the soldering and, where solder
was thin, even the underlying brass.

The rivets on the suspension bands are most likely of
copper. The measured iron indicates traces of patina,
while the zinc content shows the beam also hit the
brass suspension band (Table AS: 18, 19).

Figure 67c

The front of the A5 scabbard:
measured Spot 6 on the solder on the
mouth band and Spot 7 on the silvery
coating on the front sheet metal.
Slika 67¢c

NoZnica A5, sprednja stran, mesti

6 (spajkanje okova ob ustju) in 7
(srebrno sijoca prevleka na plocevini).

Slika 67d
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Figure 67d
The front of the A5 scabbard: measured
Spot 8 on the silvery coating of the
sheet metal and Spot 9 on the sheet
metal.

Figure 67a

The upper side of the A5
handguard plate: measured
Spots 1 and 2 (without patina)
on the metal from which the
object was made and Spot

3 on the patch with silvery
appearance.

Slika 67a

S¢itnik branika ro¢aja meca
A5, zgornja stran, mesta 1-2
(osnovna zlitina, brez patine)
in 3 (srebrno sijo¢e mesto na
povrsini).

Figure 67b

The underside of the A5
handguard plate: measured
Spots 4 and 5 on the coating
with silvery appearance.
Slika 67b

S¢itnik branika ro¢aja meca
A5, spodnja stran, mesti 4 in
5 (srebrno sijoc¢a prevleka na
povrsini).

Noznica A5, sprednja stran, mesti 8
(srebrno sijoca prevleka na plocevini) in
9 (rumena plocevina).



Figure 67e

The front of the A5 scabbard: measured
Spot 10 on the sheet metal and Spot 11
on the traces of corroded iron guttering.
Slika 67e

NoZnica A5, sprednja stran, mesti

10 (rumena plocevina) in 11 (sledovi
korodiranega robnega okova).

Figure 67g

Figure 67f

The front of the A5 scabbard:
measured Spot 12 on the chape
and Spot 13 on the terminal knob.

Slika 67f

NoZnica A5, sprednja stran, mesti
12 (rumena povrsina okova na
konici) in 13 (rumena povrsina
gumba na konici).

T ?;; = 2

Figure 67h

so iz medenine. Izmerjeni delezi cinka nihajo med
20,4 in 26,4 %. Izmerjeni odstotki Zeleza (0,3-1,0
%) nakazujejo, da na merjenih mestih ni bilo veliko
ostankov patine.

Rezultat meritve spajkanja na okovu ob ustju (pregl.
AS: 6) govori za to, da sta bila presegajoca se zaklju¢ka
tega okova najverjetneje spajkana s kositrom; izmer-
jeni baker, cink in arzen kazejo, da je Zarek zadel tudi
razmeroma velik del medenine okoli spajkanja in na
tankih delih spajkanja morda tudi podlago pod lotom.
Zakovice na prvem in drugem pre¢nem okovu so naj-
verjetneje iz bakra, izmerjeni odstotki Zeleza kazejo
na ostanke patine, odstotki cinka pa, da je Zarek zadel
tudi medeninasti okov (pregl. AS: 18, 19).

Figure 67i

The back of the A5 scabbard: measured Spot
14 on the mouth band, Spot 15 on the upper
suspension band and Spot 18 on the rivet.
Slika 67g

Noznica A5, hrbtna stran, mesta 14 (rumena
povrsina okova ob ustju), 15 (rumena povrsina
prvega pre¢nega okova) in 18 (zakovica).

The back of the A5 scabbard: measured
Spot 16 on the second suspension band
and Spot 19 on the rivet.

Slika 67h

NozZnica A5, hrbtna stran, mesti 16
(rumena povrsina drugega precnega
okova) in 19 (zakovica).

The back of the A5 scabbard: measured
Spot 17 on the cross band.

Slika 67i
Noznica A5, hrbtna stran, mesto 17
(rumena povrsina tretjega pre¢nega okova).
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A6 (Table A6, Figs. 68, 69a-d)

Three spots were measured on the upper side of the
sword's handguard plate: 15 (measured twice, the sec-
ond time after removing the surface layer down to the
shiny metal core), 14 (surface of a silvery appearance)
and 13 (patina). The results show that the handguard
plate is of bronze (Table A6: 15) and bears patches of
a tin layer on the upper surface (Table A6: 14).

The sheet metal and fittings of the scabbard are very
poorly preserved. We presumed that the metal core
did not survive due to the advanced corrosion, hence
measurements were taken on the surface of the front
sheet metal, fittings and rivets after conservation. As
expected, the results show a (very) high iron content
(Table A6: 1,2, 5, 6-11, 19-20; cf. Chapter 16.2).

The sheet metal on the scabbard front is of brass
(Table A6: 1, 4, 8). The measured tin content and the
analogy with other Mainz type scabbards (e.g. AS)
point to tinning on the front (Table A6: 1, 4, 8).

The mouth band (Table A6: S, 12) and the suspen-
sion band (Table A6: 9) are also of brass. The rivet
on the suspension band is of copper (Table A6: 11).
The mouth plate is soldered to the mouth band with
tin-lead alloy (Table A6: 17). The guttering is of iron
(Table A6: 3).

A7 (Table A7, Figs. 70, 71a-f)

The sword’s handguard plate is of bronze (Table A7:
9/22). The measurements on the poorly surviving,
slightly silvery surface of the underside revealed tin-
ning (Table A7: 7/20, 8/21). The measurements on
the upper side, with the standard and the narrow
beam, show that the two small silvery patches are
tin-lead alloy (Table A7: 10/23). The differences in
the lead content or the lead-tin ratio between the
measurements are probably largely attributable to an
inhomogeneous alloy (results of wide beam measure-
ments are therefore closer to the real values), while
the differences in the copper content probably show
that the beam did not hit the prepared spot only.

The very thin sheet metal covering the front of the
scabbard is brass with at least 20.3% zinc (Table A7:
16, 19); the measurement in the area of a poorly
preserved thin grey layer on the front shows tinning
(Table A7: 15).
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19*
20"

Fe
9.1
65.1
92.9
3.9
6.7
88.9
94.5
5.6
6.6
8.3
8.6
1.0
0.3
2.6
1.2
0.7
4.5
94.0
81.7

Cu

80.4
334
3.9

78.9
77.3
9.5

3.9

73.7
77.5
76.7
90.2
79.4
92.5
72.2
91.5
92.5
10.2
4.60
16.9

Zn
9.1
1.3
2.0
16.3
154
12
0.7
19.7
15.6
14.6
11
18.9
0.6
0.5
0.8
0.7
21
1.12
0.77

0.08
0.05
0.10
0.06
0.04
0.14
0.06
0.05
0.07
0.02

0.07

0.08

0.14

0.09

Pb
0.16
0.11

0.04
0.12
0.23
0.07
0.06
0.15
0.07
0.05
0.11
0.26
0.24
0.37
0.14
34.8
0.9

0.34

0.04
0.03

Sn
1.1

11
0.8
04

0.7
0.9

0.2

0.5
6.2
24.2
6.1
5.9
48.3
0.10
0.18

Table A6
Preglednica A6

Figure 68

Sword and scabbard Aé: the
measured spots.

Slika 68

Mec in noZnica Aé, lega
merjenih mest.



Figure 69a

The front of the A6 sword and
scabbard: measured Spots

1, 2,4, 7 and 8 on the metal
sheet, Spot 3 on the guttering,
Spots 5, 6 and 20 on the
mouth band, Spot 17 on the
solder attaching the mouth
plate to the mouth band

and Spot 19 on the upper
suspension band. Spot 16 was
not measured.

Slika 69a

Mec in noZnica Aé, sprednja
stran, mesta 1,2,4,7,in 8
(plocevina), 3 (robni okov),

5, 6 in 20 (okov ob ustju), 17
(spajkanje okova ob ustju in
ovalnega okova) ter 19 (prvi
precni okov). Mesto 16 ni bilo
merjeno.

Figure 69b

The back of the Aé sword and
scabbard: measured Spots

9 and 10 on the suspension
band, Spot 11 on the rivet of
the suspension band and Spot
12 on the mouth band.

Slika 69b

Mec A6, hrbtna stran, tocke
9 in 10 (pre¢ni okov), 11
(zakovica na pre¢nem okovu)
in 12 (okov ob ustju).

Figure 69c

The upper side of the A6
handguard plate: measured
Spots 13 and 15 (patina) on
the metal from which the
object was made and Spot 14
on the badly preserved silvery
patch on the surface.

Slika 69¢

S¢itnik branika ro¢aja meca
Ab, zgornja stran, mesta 13,
15 (patina 3e ni odstranjena)
in 14 (slabo ohranjeno
srebrnkasto mesto na
povrsini).

Figure 69d

The upper side of the A6
handguard plate: measured
Spot 15 after the patina was
removed.

Slika 69d

Scitnik branika roc¢aja meca
A6, zgornja stran, mesto 15
(patina odstranjena).

A6 (pregl. A6, sl. 68, 69a-d)

Na zgornji strani §¢itnika meca smo merili tri mesta:
15 (dvakrat — drugi¢ po tem, ko smo povrsinsko plast
odstranili do sijo¢ega kovinskega jedra), 14 (povr$ina
srebrnega videza) in 13 (patina). Rezultati meritev
kazejo, da je §¢itnik iz brona (pregl. A6: 1) in da so
na zgornji strani ostanki plasti kositra (pregl. A6: 14).

Ploc¢evina in okovi noZnice so zelo slabo ohranjeni.
Ocenili smo, da kovinsko jedro zaradi napredovale
korozije verjetno ni ohranjeno, zato smo meritve izve-
dli na povrsini plo¢evine, okovov in zakovice po kon-
servaciji. V skladu s pri¢akovanji so meritve pokazale
(zelo) visoke odstotke Zeleza (pregl. A6:1,2,5,6-11,
19-20; prim. zgoraj, pogl. 16.2).

Iz rezultatov meritev sklepamo, da je bila plo¢evina na
sprednji strani noznice iz medenine (pregl. A6: 1, 4,
8). Izmerjene vsebnosti kositra in primerjava z drugi-
mi noznicami tipa Mainz (npr. AS) nakazujejo, da je
bila na sprednji strani pokositrena (pregl. A6: 1, 4, 8).

Iz medenine sta tudi okov ob ustju noznice (pregl.
A6: S, 12) in preéni okov (pregl. A6: 9). Zakovica na
pre¢nem okovu je bakrena (pregl. A6: 11). Ovalni
okov na vrhu noznice in okov ob ustju noZnice sta
spajkana z zlitino kositra in svinca (pregl. A6: 17).
Robni okov je zelezen (pregl. A6: 3).

A7 (pregl. A7, sl. 70, 71a-f)

Stitnik branika rocaja meca je iz brona (pregl. A7:
9/22). Rezultati meritev na slabo ohranjeni, rahlo sre-
brni plasti na spodnji strani kazejo, da je bil na spod-
nji strani pokositren (pregl. A7: 7/20, 8/21). Drobna
ostanka srebrne barve na zgornji povrsini branika sta,
glede na meritvi (z obi¢ajnim in zoZenim Zzarkom),
zlitina kositra in svinca (pregl. A7: 10/23). Razlike
v delezu svinca oziroma v razmerju med svincem in
kositrom pri obeh meritvah so verjetno posledica ne-
homogenosti razporeditve svinca v zlitini (glede tega
so blizje dejanski vrednosti rezultati meritve s $ir$§im
zarkom), razlike v delezu bakra pa verjetno izvirajo iz
dejstva, da je bilo z obi¢ajnim Zarkom nemogoce za-
deti le povrsino spajkanja brez okolice.

Zelo tenka plocevina, ki je prekrivala sprednjo stran
noznice, je iz medenine z najmanj 20,3 % cinka (pregl.
A7: 16, 19); meritev na mestu, kjer je slabo ohranjena
tenka plast sive barve (na sprednji strani plo¢evine),
govori za to, da je bila plo¢evina na sprednji strani
pokositrena (pregl. A7: 15).
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The mouth band and surviving crossbands are of brass
(Table A7: 4, 8,9, 12, 14, 18). The ends of the bands
overlap at the back and are soldered with tin (Table
A7: 11, 17) or tin-lead alloy (Table A7: 2). Tin is also
used for soldering the mouth band to the mouth plate
(Table A7: 1,7).

The rivets are of copper (Table A7: 3, 13).
Spots 5 and 6 were not measured quantitatively, as

they were found to be of iron after a short (ten-sec-
ond) measurement.

= 0.3 =

1 2.6 181 37 75.4
2 - = 3.6 0.6 5.9 = 89.9
2 0.6 - 2.3 0.5 4.9 = 91.8
3 0.51 | - 97.6 19 - - -

4 il | = 767 215 02 0.08 04
7 222 - 74 1.6 0.17 - 68.7
7 1180 | = 8.3 1.8 019 - 76.6
8 22 - 744 228 025 - 0.4
9 20 - 774 194 036 0.1 0.3
11xn 31 - 0.8 0.5 0.17 - 95.4
12* 180 = - 211 016 - 0.3
13 12 - 985 - 0.11 01 0.1
14 .7 = 754 223 019 01 0.4
15 14 - 687 19.6 - - 10.1
16 il | = 774 208 020 - 0.4
17 TONN = 8.8 21 0.18 - 86.7
17x= 0.66 - 109 25 0.16 - 85.7
18 10 011 773 208 038 004 04
19 26 009 765 203 017 003 0.2
7/20 41 - 744 04 0.9 = 20.1
8/21 45 014 746 04 1.2 = 19.3
9/22* 054 0.43 942 - 0.5 = 4.6
10/23 7.04 - 337 - 6.5 = 52.7
10/23=  0.87 - 17:198 = 12980 = 69.1

Table A7

Spots 2 and 7 were measured twice. The measured spots on the
handguard plate were initially marked as Nos. 7-10 (cf. Fig. 71a, b).

Preglednica A7

Na mestih 2 in 7 smo merili dvakrat. Merjena mesta na scitniku
branika ro¢aja meca so bila prvotno oznacena s $t. 7-10 (prim. sl.
71a, b).
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Figure 70

The A7 sword and scabbard:
the measured spots.

Slika 70

Mec in noZnica A7, lega
merjenih mest.



Figure 71a

The upper side of the A7
handguard plate: measured
Spot 9 on the base metal and
Spot 10 on the silvery patch;
in Table A7 they are referred
to as Spots 9/22 and 10/23
respectively.

Slika 71a

Scitnik branika roc¢aja meca
A7, zgornja stran, mesti 9
(8¢itnik) in 10 (ostanki mesta
srebrnega videza), ki sta v
pregl. A7 oznaceni kot 9/22 in
10/23.

Figure 71b

The underside of the A7
handguard plate: measured
Spots 7 and 8, the last one on
the relatively well surviving
silvery coating; in Table A7
they are referred to as Spots
7/20 and 8/21.

Slika 71b

S¢itnik branika ro¢aja meca
A7, spodnja stran, mesti 7

in 8 (zadnje z dobro vidno
prevleko srebrnega videza),
ki sta v pregl. A7 oznaceni kot
7/20in 8/21.

Figure 71c

The A7 swords scabbard:
measured Spot 7 on the
solder that fixed the mouth
band to the mouth plate (left
of the marked spot) and Spot
8 on the remains of the mouth
plate.

Slika 71c

NoZnica A7, mesti 7 (spajka
na okovu ob ustju, levo od
oznacenega mesta) in 8
(sledovi ovalnega okova).

Figure 71d

The back of the A7 sword
scabbard: measured Spots 2
and 3 (solder and rivet on the
upper cross band) and Spot

4 on the upper cross band;
measurements on Spots 5 and
6 were abandoned.

Slika 71d

Noznica A7, hrbtna stran,

prvi precni okov, mesta 2
(spajkanje), 3 (zakovica) in 4
(okov); mesti 5 in 6 na robnem
okovu nista izmerjeni.

Okov ob ustju noznice in oba ohranjena pre¢na
okova so iz medenine (pregl. A7: 4, 8, 9, 12, 14, 18).
Presegajoci se konci teh okovov se na hrbtni strani
noznice prekrivajo in so spajkani s kositrom (pregl.
A7: 11, 17) ali zlitino kositra in svinca (pregl. A7: 2).
Kositer so uporabili tudi za spojitev okova ob ustju
noznice z medeninastim ovalnim okovom (pregl. A7:
1,7).

Zakovici sta bakreni (pregl. A7: 3, 13).

Mest S in 6 nismo merili kvantitativno, ker smo po
kratki meritvi (10 sekund) ugotovili, da sta Zelezni.

Figure 71e Slika 71e

The lower suspension band NoZnica A7, hrbtna stran,

of the A7 sword scabbard: drugi precni okov, mesta 11
measured Spot 11 on the (spajka), 12 (prec¢ni okov) in 13
solder, Spot 12 on the (zakovica).

suspension band and Spot 13

on the rivet.

Figure 71f Slika 71f

The front of the A7 sword NoZnica A7, sprednja stran,
scabbard: measured Spot 9 on mesti 9 (okov ob ustju) in 19
the mouth band and Spot 19 (plocevina).

on the sheet metal.
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A8 (Table A8, Figs. 72, 73a-c)
Measurements were taken after conservation.

The sword’s handguard plate is of bronze (Table A8: 1).
The shiny silvery remains on its upper side are tin-lead
alloy (Table A8: 3). The horizontal metal plate on the
grip was measured on the spot where surface accre-
tions were removed to expose the metal core; mea-
surements show the plate to be of iron (Table A8: 8)
or steel.

The scabbard’s mouth plate is of brass (Table A8: 4).
The shiny silvery layer along its upper edge is tin-lead
alloy (Table A8: 6) used to solder the band to the
mouth plate.

A9 (Table A9, Figs. 74, 75a-d)
The scabbard guttering is of iron (Table A9: S).

The front of the scabbard is covered with a sheet of
bronze containing ca. 6-7% tin (Table A9: 1, 6) and
tinned (Table A9: 3, 4). The differential PIXE analyses
show that the layer of tin is very thin (ca. 1.2 ym =
0.0012 mm).5%2

The suspension band is of brass with at least 22% zinc
(Table A9: 1/7,3/9). The metal core of the band’s sus-
pension ring could not be measured due to its poor
condition; the results on the corroded metal indicate
it was of brass (Table A9: 2/8).

Figure 74 Slika 74
Sword and scabbard A9: the NozZnica A9, lega merjenih
measured spots. mest.

652 Smit, Isteni¢, Knific 2008, 2330, Fig. 1.

Spot/

Mesto Fe

1 1.6
3 2.2
4 2.1
6 15
8* 99.9
Spot/

Mesto Fe

1 4.9
3 0.9
4 21
5 98.9
6 1.2
1*/7* 23
2/8 3.3
3*/9* 08

Ni
0.21

0.17

Cu

87.8
79.3
72.7
0.9

92.3
73.7
88.8
72.5

Cu

86.4
1.35
76.9
6.19

Zn
0.5
0.3
0.2
0.1

220
6.1
26.1

Zn

0.46
0.26
19.9
1.83
0.01

0.06
0.07
0.04
0.02

0.11
0.04

Table A8
As Pb Ag sn No. 7 was accidentally left out
when assigning numbers to
003 175 - 9.56 measured spots.
- 114 - 84.8 Preglednica A8

Pri $tevil¢enju mest meritev

. o | ire | Gl je bila $t. 7 pomotoma

= 204 - 56.5 izpuscena.

- 0.07 - -
Figure 72
Sword and scabbard A8:
the measured spots.
Slika 72

Mec in noZnica A8, lega
merjenih mest.

Table A9
Pb Ag Sn Br The mea.sured spots on. t.h?
suspension band were initially
0.15 - 6.6 - marked with Nos. 1-3
0.10 - 19.3 - (cf. Fig. 75a, b).
0.07 - 249 - Preglednica A9
002 - _ _ Merjena mesta na precnem

okovu so bila prvotno

0.18 - 64 - oznacena s §t. 1-3
0.21 - 03 15 (prim. sl. 75a, b).
0.52 - 1.2 -

0.08 008 034 -

Figure 75a Figure 75b

The back of the A9 suspension band: The front of the A9 suspension band: measured
measured Spot 1, referred to as Spot 1/7 in Spot 3 on the suspension band and Spot 2 on the
Table A9. suspension ring, referred to as Spots 3/9 and 2/8
Slika 75a in Table A9.

NozZnica A9, hrbtna stran precnega okova, Slika 75b

mesto 1, ki je v pregl. A9 oznaceno kot 1/7. Noznica A9, mesti 3 (sprednja stran pre¢nega
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okova) in 2 (obrocek), ki sta v pregl. A9 oznaceni
kot 3/9 in 2/8.



Figure 73a

The upper side of the A8
handguard plate: measured
Spot 1 on the base metal
and Spot 3 on the patch with
silvery appearance.

Slika 73a

Zgornja stran $¢itnika branika
rocaja meca A8, mesti 1
(rumena sijoca povrsina) in 3
(srebrno svetlece se mesto na
povrsini).

Figure 73b

The back of the A8 sword and
scabbard: measured Spot 4
on the mouth band and Spot
8 on the metal plate or mount
on the grip.

Slika 73b

Mec¢ in nozZnica A8, hrbtna
stran, mesti 4 (okov ob ustju)
in 8 (kovinski vlozek v ro¢aju).

Figure 73c

Sword and scabbard A8:
measured Spot 6 on the
soldering attaching the mouth
plate to the mouth band.

Slika 73c

Mec¢ in noznica A8, mesto 6
(spajka med ovalnim okovom
in okovom ob ustju).

Figure 75c

The front of the A9 scabbard
sheet metal and guttering:
the Spot 2 on the base metal,
Spots 3 and 4 on the coating
of the sheet metal and Spot 5
on the guttering. Spot 2 was
not measured.

Slika 75¢

NoZnica A9, sprednja stran,
plo¢evina - mesta 2 (brez
prevleke), 3 in 4 (previeka) in
robni okov - mesto 5. Mesto
2 ni bilo merjeno.

Figure 75d
The back of the A9 scabbard

sheet metal: measured Spot 6.

Slika 75d
Noznica A9, hrbtna stran
plocevine noznice, mesto 6.

A8 (pregl. A8, sl. 72, 73a-c)
Meritve smo izvajali na konserviranem predmetu.

Rezultati kazejo, da je $¢itnik branika ro¢aja meca iz
brona (pregl. A8: 1). Srebrno svetlei se ostanki na
njegovi zgornji povrsini so zlitina kositra s svincem
(pregl. A8: 3). Na vodoravnem kovinskem obro¢u, ki
je viden na rocaju, smo merili na mestu, kjer je bila
povrsina odstranjena do kovinskega jedra; meritve so
pokazale, daje iz zeleza (pregl. A8: 8) oziroma jekla.

Okov ob ustju noznice je iz medenine (pregl. A8: 4).
Srebrno sijo¢a plast na njegovem zgornjem robu je
zlitina kositra s svincem (pregl. A8: 6), s katero je bil
nanj prispajkan ovalni okov na vrhu noznice.

A9 (pregl. A9, sl. 74, 75a-d)
Robni okov noznice je iz zeleza (pregl. A9: S).

Sprednja stran noZnice je prekrita s plo¢evino iz bro-
na z okoli 6-7 % kositra (pregl. A9: 1, 6). Na sprednji
strani je pokositrena (pregl. A9: 3, 4). Diferencialne
analize PIXE so pokazale, da je plast kositra zelo tenka
(okoli 1,2 um = 0,0012 mm).%?

Pre¢ni okov je iz medenine z najmanj 22 % cinka
(pregl. A9: 1/7, 3/9). Na nanj pritrjenem obrocku
zaradi slabe ohranjenosti ni bilo mogo¢e meriti kovin-
skega jedra; rezultati na korodirani kovini nakazujejo,
daje bil iz medenine (pregl. A9: 2/8).

652 Smit, Isteni¢, Knific 2008, 2330, sl. 1.
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A10 (Table A10, Figs. 76, 77a, b) Spot/

Mesto Fe Cu Zn As Sr Ag Sn Pb
Measurements were taken during conservation. There 1 8.03 80.2 10.2 0077 0049 006 0.55 0.80
was no visible patina on Spots 4, 6, 8 and 10. 2 0.33 80.0 18.7 - - 0.04 0.50 0.37

3 1.49 83.8 13.7 0.030 - 0.07 0.61 0.38
The sheet metal covering the scabbard front is brass 4 0.33 76.7 21.9 - - 0.05 0.49 0.47
with at least ca. 21% zinc (Table A10: 4, 8). 5 0.47 78.1 20.7 - - 0.05 0.35 0.25

6 0.89 79.7 18.1 = 0.087 0.07 0.98 0.19
The tin content on the patina-covered sheet metal 8 0.33 77.9 210 - - 0.05 0.34 0.43
front (Table A10: 1-3, S) differs little from that of 9 8.62 737 16.7 - - 0.06 0.54 031
the patina-covered back of the sheet metal (Table 10 0.42 78.5 20.2 - - 0.05 0.43 0.39
AI0: 9), ie. it does not indicate tinning on the front.
In contrast, the EDS XRF measurements taken prior ;Zzltef‘ Vtgs ot measured.
to conservation indicate precisely that, on one spot Preglednica A10
showing 4% tin.3 A10. Na mestu 7 meritev

nismo izvedli.
The decorative strip covering the neck of the terminal W T e
knob is of brass (Table A10: 6). g 2 1 )
\ e B Figure 76
All (Tab’eAI 1; FlgS 78, 7907 b) e | 9—— /} The A10 scabbard fragment:
:-I "'. the measured spots.
Measurements were taken immediately after conser- y I l Slka76
vation. With the exception of Spot 5, they were taken 7| I"I "-.I g:?g:;hn:;fe A0, lega
on the patina-covered surface, hence the high iron o — |
content comes as no surprise.
Y 1 1

The openwork scabbard chape is of brass with ca. 22% T
zinc (Table A11: 5). The measurements of the pati- |l g
na-covered front show it was not plated (Table A11: g L..,.g
1-3). The tin and lead detected in the patina on two “j\?
spots at the back of the chape (Table A11: 4, 9) sug- ‘Zﬁ
gest it was soldered to the underlying part with tin-
lead alloy.

Spot/ Table A11
The cuboid element at the neck of the terminal knob | Mesto |Fe Cu Zn As Pb Sn Preglednica A11
is covered in sheet brass (Table A11: 7, 8). 1 543 406 43 - 078 -

2 532 420 42 018 028 -
The guttering is of iron (Table A11: 6). 3 3.4 872 87 006 007 05

4 92.9 21 0.4 = 2.82 1.8

5* 191 74.4 219 - 0.48 1.31

6 99.9 0.1 = - 0.02 =

7 53.3 38.6 7.8 0.03 0.04 0.3

8 11.8 78.9 8.3 0.04 0.07 0.9

9 65.1 6.73 1.32 = 15.20 11.6

653 The measured spot has a diameter of ca. 11 mm. On the apparatus
and measurements, see Ch. 3, Fn. 43.
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Figure 77a

The front of the A10 scabbard
fragment: measured Spots 1-5
on the sheet metal and Spot

6 on the neck of the terminal
knob.

Slika 77a

Ostanki noznice A10, sprednja
stran, lega merjenih mest 1-5
(povrsina plocevine z razli¢nimi
delezi patine) in 6 (rumena
plo¢evina na vratu gumba).

Figure 77b

The back of the A10 scabbard
fragment: measured Spots 7-10
on the sheet metal.

Slika 77b

Ostanki noznice A10, hrbtna
stran plocevine, lega merjenih
mest 7-10 (povrsina plocevine z
razli¢nimi delezi patine).

Figure 78

The A11 sword scabbard
fragment: the measured
spots.

Slika 78
Ostanki noznice A11, lega
merjenih mest.

Figure 79a

The front of the A11 sword
scabbard fragment: measured
Spots 1-3 on the chape, Spot
6 on the guttering and Spot 7
on the terminal knob.

Slika 79a

Ostanki noznice A11, mesta
1, 2 in 3 (povrsina sprednje
strani predrtega okova,
razli¢ni delezi patine),

6 (robni okov) in 7 (zlato
sijoCa plocevina na vratu
gumba).

Figure 79b

The back of the A11 sword
scabbard fragment: measured
Spots 4-5 on the chape and
Spot 8 on the terminal knob.
Slika 79b

Ostanki noznice A11, mesta
4 in 5 (hrbtna stran predrtega
okova) in 8 (zlato sijo¢a
plo¢evina na vratu gumba).

A10 (pregl. A10,sl. 76, 77a, b)

Meritve smo naredili med konservacijskim postop-
kom. Na merjenih mestih 4, 6, 8 in 10 na povrsini ni
bilo o¢itne patine.

Plocevina, ki je prekrivala sprednjo stran noZnice, je
iz medenine z najmanj okoli 21 % cinka (pregl. A10:
4,8).

Rezultati meritev na patinirani povrsini sprednje st-
rani plo¢evine (pregl. A10: 1-3, 5) se po vsebnosti
kositra bistveno ne razlikujejo od meritev na patini
hrbtne strani (pregl. A10: 9), torej ne kazejo, da je bila
sprednja stran pokositrena. Vendar pa sledove kosi-
trenja nakazujejo meritve EDS XRF na sprednji strani
plo¢evine pred za¢etkom konservacije, ki so na enem
mestu pokazale 4 % kositra.*?

Okrasni trak na vratu gumba na zaklju¢ku noznice je
iz medenine (pregl. A10: 6).

A11 (pregl. A11,sl. 78, 79a, b)

Meritve so bile narejene po konservaciji predmeta.
Razen na mestu 5 smo meritve naredili na patinirani
povrsini, zato izmerjene visoke vsebnosti Zeleza ne
presenecajo.

Predrti okov na konici noznice All je iz medenine
z okrog 22 % cinka (pregl. A11: S). Meritve patine
na njegovi sprednji strani kazejo, da ni imel prevleke
(pregl. A11: 1-3). Izmerjeni odstotki kositra in svinca
na patini na dveh mestih hrbtne povrine tega okova
(pregl. A11: 4, 9) govorijo za to, da je bil na podlago
prispajkan z zlitino kositra in svinca.

Kvadratni del konice predmeta je prevleten s
plo¢evino iz medenine (pregl. A11: 7, 8).

Robni okov noznice je zelezen (pregl. A11: 6).

653 Premer merjene povrsine je bil priblizno 11 mm. Glede naprave in
meritev glej pogl. 3, op. 45.
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A12 (Table A12, Figs. 80, 81a, b)

The sheet metal covering the scabbard’s iron guttering
and terminal knob is silver alloy with ca. 4% copper
and a low share of gold.*** The results show the sheet
silver to be thick enough for the beam not to have pe-
netrated to the underlying metal (Table A12: 1-3).5%

A13 (Table A13, Fig. 82)

Measurements were taken immediately after conser-
vation. The patina on the measured spots was largely
removed (Table A13: 1, 2).

The suspension band is of silver alloy with less than
3% copper (Table A13: 2). Remains of gilding sur-
vive under the patina on the front (Table A13: S;
Catalogue, Fig. A13.2a); the gilding is thin (estimated
0.7-1.5 pm) and the beam penetrated to the underly-
ing metal. The measurements on the patina-covered
back (Table A13: 4) show an absence of gilding.* In
Romanssilver alloys, low gold content is not indicative
of gilding or intentional addition of gold, but rather
the consequence of extracting silver from lead ore.®’

The high iron content of the tin filling (Table A13: I;
Catalogue, Fig. A13.2b), with which the craftsman re-
inforced the spot of a small flaw that occurred during
embossing, shows that the beam hit not only the sur-
face of removed patina, but also the surrounding area.
The patina or the surface around the measured spot is
also the origin of the detected silver and copper; the
filling is thus probably pure tin.5*®

A15 (Table A15, Figs. 83, 84a, b)

Measurements were taken after conservation. There
was no visible patina on Spots 1-4.

The shiny silvery patches on the upper side of the
sword’s handguard plate are of tin (Table A1S: 1, 2).
The high copper content in two measurements sug-
gest that the beam either hit the surrounding area or
penetrated to the underlying metal.

The basic alloy of the handguard plate can be deduced
from the measurements on two spots without dis-
cernible tin, from which we did not remove the sur-
face layer. The results (Table A1S: 3-4) indicate that
the handguard plate is of bronze with less than 2% tin.

654 Cf. A13.

655 Smit, Isteni¢, Knific 2008, 2331, 2332, Fig. 5.

656 For more details, see Isteni¢, Mili¢, Smit 2003.

657 Hughes, Hall 1979, 325-335; Craddock 1995, 213, 231.
658 For more details, see Isteni¢, Mili¢, Smit 2003.
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Spot/
Mesto

Spot/
Mesto

1*
2*
2*n
4
5n

Spot/
Mesto

1

v B W DN

Fe

0.49
0.18
0.36

Fe
7.9
0.9

0.82

8.1
1.8

Cu

4.79
4.08
244

2.30
2.30
2.80
1.30
1.10

Zn

0.03
0.05
0.02

Au

0.70
0.74
1.00
33.9

0.75
0.60
0.67

Pb

0.39
0.51
0.48
0.42
0.20

Pb

0.43
0.45
0.42

1.20
95.6
95.2
89.1
63.0

Fe

2.5
1.9
2.9
5.5

Cu

52.7
932
95.4
94.7
92.8

Zn

0.2
0.6
0.5
0.4
0.4

0.13
0.12
0.13
0.05

Pb

0.60
0.36
0.13
0.18
0.11

93.5
94.7
96.1

Sn
88.1

Sn
46.5
8.3
2.0
1.7
1.2

Table A12
Preglednica A12

Figure 80
Scabbard A12: the measured
spots.

Slika 80
Ostanki noznice A12, lega
merjenih mest.

Table A13
Preglednica A13

Figure 82
The A13 sword suspension
band: the measured spots.

Slika 82
Precni okov noZnice A13, lega
merjenih mest.

Table A15
Preglednica A15



Figure 81a

The A12 sword scabbard
fragment: measured Spot 1 on
the coating of the guttering.

Slika 81a

Odlomek nozZnice A12, mesto
1 (prevleka srebrnega videza
na robnem okovu).

Figure 81b

The A12 sword scabbard
fragment: measured Spot 2
on the guttering coating and
Spot 3 on the terminal knob
coating.

Slika 81b

Odlomek noznice A12,

mesti 2 (prevleka srebrnega
videza na robnem okovu) in 3
(prevleka srebrnega videza na
zaklju¢nem gumbu).

Figure 83
The A15 sword handguard
plate: the measured spots.

Slika 83
S¢itnik branika ro¢aja meca
A15, lega merjenih mest.

Figure 84a

The upper side of the A15
sword handguard plate:
measured Spots 1 and 2 on
the grey surface, Spot 3 on
the base metal and Spot 5 on
the dark grey patina. Spot 2
was not measured.

Slika 84a

S¢itnik branika ro¢aja meca
A15, zgornja stran, mesta 1

in 2 (siva snov na povrsini),

3 (povrsina brez prevleke), 5
(temnosiva patina). Mesto 2 ni
bilo merjeno.

Figure 84b

The underside of the A15
sword handguard plate:
measured Spot 4 on the base
metal.

Slika 84b
S¢itnik branika ro¢aja meca
A15, spodnja stran, mesto 4.

A12 (pregl. A12, sl. 80, 81a, b)

Plocevina, s katero sta prevle¢ena Zelezen robni okov
in gumb na koncu noZnice, je iz srebrove zlitine, ki vse-
buje okoli 4 % bakra in majhen delez zlata.** Rezultati
kazejo, da je srebrna plo¢evina tako debela, da proton-
).655

ski Zarek ni dosegel podlage (pregl. A12: 1-3

A13 (pregl. A13, sl. 82)

Meritve smo naredili po konservaciji predmeta; z
dveh mest smo v glavnem odstranili povrsinsko pati-
nirano plast (pregl. A13: 1, 2).

Okov je narejen iz srebrove zlitine, ki je vsebovala
manj kot 3 % bakra (pregl. A13: 2). Na sprednji strani
so pod patino ohranjeni ostanki pozlate (pregl. A13:
S; Katalog, sl. A13.2a), ki je tako tenka, da je proton-
ski Zarek dosegel podlago; njena ocenjena ohranjena
debelina je 0,7-1,5 pm. Meritev na patinirani povr$ini
hrbtne strani (pregl. A13: 4) kaze, da tu okov ni imel
pozlate.%® Pri rimskih srebrovih zlitinah namreé nizka
vsebnost zlata ne kaze na pozlato ali namerno doda-
janje zlata zlitini, temve¢ je posledica pridobivanja

srebra iz svin¢eve rude.®’

Visok odstotek zeleza v rezultatu meritve zalivke
(pregl. Al13: 1; Katalog, sl. A13.2b), s katero je na
hrbtni strani zalito mesto, kjer je med izdelavo okrasa
nastala napaka, kaze, da je merilni Zarek poleg povr-
$ine, s katere smo odstranili patino, zadel tudi okolico.
Iz patine oziroma povr§ine v okolici merjenega mesta
najverjetneje izvirajo tudi izmerjeni odstotki srebra in
bakra. Zalivka je torej verjetno iz ¢istega kositra.®®

A15 (pregl. A15, sl. 83, 84a, b)

Meritve smo naredili na konserviranem predmetu.
Na merilnih mestih 1-4 ni izrazite patine.

Meritve na srebrno sijo¢i plasti, ki je na ve¢ mestih
vidna na zgornji strani $¢itnika, so pokazale, da gre
verjetno za ostanke plasti kositra (pregl. A15: 1,2).1z
visokega odstotka bakra pri teh dveh meritvah sklepa-
mo, da je Zarek zadel tudi okolico srebrno svetlece se
plasti oziroma da je dosegel podlago.

Za opredelitev osnovne zlitine $¢itnika branika rocaja
meca so merodajne meritve na dveh mestih, kjer ni

654 Prim. A13.

655 Smit, Isteni¢, Knific 2008, 2331, 2332, sl. 5.

656 Podrobneje: Isteni¢, Mili¢, Smit 2003.

657 Hughes, Hall 1979, 325-335; Craddock 1995, 213, 231.
658 Podrobneje: Isteni¢, Mili¢, Smit 2003.
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The dark grey surface on the upper side of the hand-
guard plate (Table A1S: S) presumably occurred be-
cause of the corrosion processes in the water.

A16 (Table A16, Figs. 85, 86a, b)

Measurements were taken after conservation. The
surface layer on Spot 2 was largely removed.

The sword’s handguard plate is of bronze with ca. 11%
tin (Table A16: 1-2). The measurements on the well-
preserved silvery surface of the underside indicate a
very thin layer of tin, through which the beam pen-
etrated to the underlying bronze (Table A16: 3-4).

A19 (Table A19, Figs. 87, 88a-c)

Measurements were taken after conservation. The pa-
tina was largely removed from Spots 1-3 and 5.

The handguard plate is of brass with at least 16% zinc
(Table A19: 1-2; the result for Spot 2 suggests that
the beam hit a large part of the surrounding area).

The thin disc on the pommel was measured with the
standard and the narrow beam on a spot where the pa-
tina had previously been removed (Table A19: 3) and
on a surface with patina still present (Table A19: 4).
The results show that the disc is of brass. The tin mea-
sured on Spot 3 appears likely to be originally present
in the brass, but may also originate in the remains of
patina transferred from the adjacent pommel.

The sub-square pommel plate was measured on spots

with and without patina; the two results show that the
plate is of bronze and not plated (Table A19: S, 6).
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Spot/
Mesto

1
2*
3
4
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1*
2*
3*
3*rm

5x

Fe

0.6
1.0
1.0
12

Fe
1.6
14
0.7
11
2.6
0.79
0.22

Ni

0.14

Cu

81.3
91.5
89.7
87.3
88.1
90.1
92.4

Cu Zn
870 -
857 -
734 -
64.3 040

Zn
16.0
6.1
7.7
9.7
6.9

As

0.13
0.13
0.13
0.08

Pb

0.59
0.59
0.24
0.38
0.66
0.34

Pb

1.82
1.83
133
1.04

0.1
0.1

0.1

Sn

10.5
11.2
241
33.0

Sn

0.5
0.2
1.7
15
1.8
8.7
7.4

Table A16
Preglednica A16

Figure 85

The A16 sword handguard
plate: the measured spots.
Slika 85

S¢itnik branika ro¢aja meca
A16, lega merjenih mest.

Table A19
Preglednica A19

Figure 87

Sword A19: the measured
spots on the handguard plate
and pommel.

Slika 87

Mec A19, lega merjenih mest
na braniku rocajnega scitnika
in glavi¢u rocaja.



Figure 86a

The upper side of the A16
sword handguard plate:
measured Spot 1 on the base
metal.

Slika 86a

S¢itnik branika ro¢aja meca
A16, zgornja stran, mesto 1
(brez prevleke).

Figure 86b

The underside of the A16
sword handguard plate:
measured Spot 2 on the base
metal and Spots 2-3 on the
shiny silvery coating.

Slika 86b

S¢itnik branika ro¢aja meca
A16, spodnja stran, mesta 2
(branik brez prevleke) ter 3 in
4 (siva sijo¢a prevleka).

Figure 88a

The upper side of the A19
handguard plate: measured
Spot 2.

Slika 88a

S¢itnik branika ro¢aja meca A19,
zgornja stran, mesto 2.

Figure 88c

The A19 sword pommel:
measured Spots 3 and 4 on
the disc and Spots 5-6 on the
sub-square plate.

Slika 88c

Glavi¢ roc¢aja mec¢a A19, mesta
3in 4 (krozna ploscica) ter 5 in
6 (3tirikotna ploscica).

Figure 88b

The underside of the A19 handguard

plate: measured Spot 1.

Slika 88b

S¢itnik branika rocaja meca A19,
spodnja stran, mesto 1.

bilo videti prevleke, a povrsinske plasti nismo dodat-
no odstranili. Rezultati (pregl. A1S: 3-4) nakazujejo,
da je &¢itnik iz brona z manj kot 2 % kositra.

Za temnosivo povr$ino na zgornji strani branika
(pregl. A1S: §) domnevamo, da je posledica koro-
zijskih procesov v vodi.

A16 (pregl. A6, sl. 85, 86a, b)

Meritve smo naredili na konserviranem predmetu. Z
mesta 2 smo v glavnem odstranili povr$insko plast.

S¢itnik branika ro¢aja meca je iz brona, ki vsebuje
priblizno 11 % kositra (pregl. A16: 1-2). Meritve na
dobro ohranjeni povrsini srebrne barve na spodnji
strani §¢itnika kazejo na zelo tenko plast kositra, skozi
katero je zarek dosegel bronasto podlago (pregl. A16:
3-4).

A19 (pregl. A19,sl. 87, 88a-c)

Meritve smo naredili na konserviranem mecu. Z mest
1-3in § smo v glavnem odstranili patino.

S¢itnik branika je iz medenine, ki vsebuje najmanj 16
% cinka (pregl. A19: 1-2; mesto 2 je imelo majhno
povrsino, rezultat nakazuje, da je Zarek zadel velik del
okolice).

Spodnjo, krozno plos¢ico na vrhu glavi¢a smo me-
rili z obi¢ajnim in ozkim Zarkom na mestu, kjer smo
odstranili patino z zelo majhne povriine (pregl. A19:
3), in na povrsini s patino (pregl. A19: 4). Rezultati
kazejo, da je plostica iz medenine. Za vsebnost ko-
sitra, izmerjeno na mestu 3, se zdi verjetneje, da je
sestavni del medenine, vendar ni mogoce izkljuditi,
da izvira iz ostankov patine, kamor bi prisla iz zgoraj
lezece stirikotne ploscice.

Zgornjo, $tirikotno ploscico na glavi¢u smo merili na
povrsini, s katere je bila v glavnem odstranjena patina,
in na patini; rezultata kazeta, da je plos¢ica iz brona in
da ni imela prevleke (pregl. A19: S, 6).
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A20 (Table A20, Figs. 89, 90a, b)

The handguard plate is of brass (Table A20: 2). The
two measurements on the patina-covered upper side
indicate a poorly and patchily surviving layer of tin
(Table A20: 3-4). The measurement on the underside
shows no such layer (Table A20: 1).

MM A22 (Table MM A22, Fig. 91)

The front plate of the scabbard is of brass with ca.
16% zinc (Table MM A22: 1, 2). Measurements on
the spots with patina and those without it revealed
very few differences, which corresponds well with the

observation that there is almost no patina on the scab-

bard.

The sword’s handguard plate, peen block plating and
the measured rivet on the suspension band are of
brass with 18—-19% zinc (Table MM A22: 5,7, 8).

The iron rungs forming the front of the laddered
chape bear layers of bronze with ca. 4-7% tin (Table
MM A22: 11a, 12a, 13, 15) on their inside. There are
iron corrosion products on the underside of the cross-
bars and between the crossbars and the sheet brass
(Table MM A22: 12b, 16).5%

The layers of bronze in the front rungs examined in
full detail show that several layers of iron were sol-
dered with bronze. This suggests that the laddered
chape was made by first forging a ‘net’ that was then
folded lengthwise and its rungs soldered together on
the front.*®

The symmetrical arrangement of the brass and bronze
lining of the U sectioned part of the laddered chape
on the left and right sides of the scabbard (at the level
of the ninth bridge) suggests the laddered chape was
made in at least two parts, which were assembled by
soldering onto the underlying brass or bronze lining
(Table MM A22: 9, 14).

659 Isteni¢ 2010; Smit, Isteni¢, Peroviek 2010, 166-169, Fig. 1, Table 1;
Isteni¢, Kosec, Peroviek, Gosar, Nagode 2011; Istenic, Smit 2014,
211-218, Figs. 3-9.

660 Isteni¢, Kosec, Peroviek, Gosar, Nagode 2011; Istenic, Smit 2014,
211-218, Figs. 3-9.
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12a
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13
14
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Fe

6.40
0.59
885
0.82

Fe
0.62
0.42
0.59
0.41
0.34
1.54
1.90
3.57
4.2
2.98
93.9
4.14
511
7.13
96.8

Cu

80.8
80.4
77.3
82.0

0.11

0.11

0.13

0.2

0.1

Zn

11.4
17.6
11.9
15.8

Table A20
Ag Sn Pb Preglednica A20
0.07 0.80 0.63
0.07 0.78 0.62
0.14 6.88 0.45
0.08 0.89 0.39
Figure 89

The A20 sword handguard
plate: the measured spots.

Slika 89
S¢itnik branika ro¢aja meca
A20, lega merjenih mest.

Figure 90a

The underside of the A20
sword handguard plate:
measured Spots 1 on the
surface with patina and Spot 2
on the surface without patina.

Slika 90a

S¢itnik branika ro¢aja meca
A20, spodnja stran, mesti 1
in2.

Figure 90b
The upper side of the A20
sword handguard plate:

% measured Spots 3 and 4 on
surface with patina.
Slika 90b
S¢itnik branika ro¢aja meca
A20, zgornja stran, mesti 3

in4.
Cu Zn As Ag Sn Sb Pb
81.1 16.7 = 0.1 0.8 = 0.68
81.3 16.4 = 0.1 0.8 = 1.00
81.2 16.8 = 0.1 0.7 = 0.71
81.8 16.3 = 0.1 0.7 = 0.75
78.9 19.1 = 0.15 1.1 = 0.47
77.8 18.5 - 0.1 0.9 - 0.98
78.1 18.1 = 0.1 0.9 = 0.71
90.8 4.60 - 0.04 0.4 - 0.42
87.9 0.49 = 0.17 7.1 0.09 0.15
92.8 0.47 - - 3.6 - -
3.5 2.31 0.16 = 3.6 = =
88.9 0.86 - 0.12 5.7 - 0.11
88.0 = = 0.20 6.3 0.33 0.11
87.6 - - 0.09 4.7 - 0.48
1.80 1.19 - - - 0.17
Table MM A22

Spots 6 and 10 were not measured. On Spots 2, 4-7, 9, 12a

and 14, the low-energy part of the spectra was measured with a
narrow beam.

Preglednica MM A22

Na mestih 6 in 10 meritev nismo izvedli. Pri meritvah (2, 4-7, 9,

12a, 14) smo nizkoenergijski del spektra izmerili z malim Zarkom.



Figure 91

Sword and scabbard MM A22:
the measured spots.

Slika 91

Mec in noZznica MM A22, lega
merjenih mest.

A20 (pregl. A20, sl. 89, 90a, b)

Stitnik branika ro¢aja meca je iz medenine (pregl.
A20: 2). Meritvi na patini zgornje strani branika
kazeta na slabo in le mestoma ohranjeno plast kositra
(pregl. A20: 3-4). Meritev na povrsini spodnje strani
(pregl. A20: 1) ne kaze take plasti.

MM A22 (pregl. MM A22, sl. 91)

Sprednja platica noZnice je iz medenine z okoli 16 %
cinka (pregl. MM A22: 1, 2). Med analizami na mes-
tih s patino oziroma brez nje so le majhne razlike, kar
se dobro ujema z dejstvom, da na noZnici skorajda ni
patine.

S¢itnik branika ro¢aja meca in obloga gumba na ro¢aju
ter izmerjena zakovica na okovu z zanko za obesanje
noznice so bili narejeni iz medenine, ki vsebuje 18-19
% cinka (pregl. MM A22: 5,7, 8).

V zeleznih preckah na sprednji strani noZnice so plasti
brona s pribl. 4-7 % kositra (pregl. MM A22: 114, 124,
13, 15). Na spodnji strani pre¢k in med preckami ter
medeninasto plo¢evino je plast zelezovih korozijskih
produktov (pregl. MM A22: 12b, 16).5%

Plasti brona v podrobno raziskani prec¢ki na sprednji
strani noZnice kazejo, da je bilo veé plasti zeleza (oz.
jekla) spajkanih z bronom. Sklepamo, da so lestvi¢asti
okov naredili tako, da so skovali »mrezo«, ki so jo
nato po dolzini ob obeh straneh zapognili in sklenili
s spajkanjem sprednjih preck.5®

Medenina oziroma bron pod Zeleznim (jeklenim)
robnim okovom, simetri¢no na levi in desni strani
noznice (v visini devete sprednje precke), govori za
to, da so okov naredili najmanj v dveh delih, ki so ju
sestavili s spajkanjem na medeninasto oziroma bro-
nasto podlago (pregl. MM A22: 9, 14).

659 Isteni¢ 2010; Smit, Isteni¢, Peroviek 2010, 167, 168,173,sl. 1, pregl.
1; Isteni¢, Kosec, Peroviek, Gosar, Nagode 2011; Istenic, Smit 2014,
211-218,sl.3-9.

660 Isteni¢, Kosec, Peroviek, Gosar, Nagode 2011; Isteni¢, Smit 2014,
211-218, sl. 3-9.
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MM A34 (Table MM A34, Figs. 92, 93a, b)

Measurements were taken before conservation. Pa-
tina was only removed on Spot 1.

The measurements taken on the corroded surface of
the sword’s handguard plate (Table MM A34: 9) and
the comparison with other handguard plates of the
same sword type show that the handguard plate is
either of copper or of bronze with a layer of tin-lead
alloy on the upper side.

The scabbard’s mouth band is of brass (Table MM A34:
1). The corrosion products on the band show copper
and a high amount of iron (Table MM A34: 2,4, S).

Measurements on Spots 6-8 and 11 reveal copper
(and the iron originating in the corrosion products),
a low zinc content and 4.2-12.1% tin. This suggests
that the beam hit the corroded sheet metal covering
the front of the scabbard and underlying the open-
work locket; this sheet metal in the Mainz type scab-
bards (such as MM A34) is usually made of brass and
tinned on the outer surface (cf. AS). The presence of
lead on Spot 8 cannot be explained.

B. Daggers and sheaths

B1 (Tables B1.1-2, Figs. 94, 95a-c)

Measurements were taken after conservation. The pa-
tina was not additionaly removed before measuring.

The strips at the sides of the iron dagger handle (Table
B1.1: 13, 14) are of brass (Table B1.1: 15, 16); the high
iron content on Spot 16 is most likely caused by the re-
mains of patina (cf. Catalogue, Fig. B1.2d). The inlays
on the sheath are also of brass (Table B1.1: 5, 6).

Part of the front surface on the sheath’s disc terminal
is covered with an alloy of tin and lead ina 1 : 1 ratio
(Table B1.1: 1). Measurements show that the parts of
the sheath that obtained a silvery metallic shine dur-
ing conservation, including the loops and rivets, are of
iron (Table B1.1: 2-4, 10, 11).
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Table MM A34
Preglednica MM A34

Figure 92

Sword and scabbard MM A34:
the measured spots.

Slika 92

Mec in noznica MM A34, lega
merjenih mest.



Figure 93a

The front of the MM

A34 sword and scabbard:
measured Spots 5-8 and 11
on the mouth band and the
sheet metal underneath.
Slika 93a

Sprednja stran noznice MM
A34, mesta 5-8in 11 na
okovu ob ustju in na plocevini
pod njim.

Table B1.1
Results of metal analyses.

Preglednica B1.1.
Rezultati analiz kovin.

Table B1.2

Results of the PIXE/PIGE
analyses of red enamel.
Preglednica B1.2.

Rezultati analiz rdec¢ega emajla
z metodama PIXE in PIGE.

Figure 93b

Sword and scabbard MM A34: measured Spots 1, 2 and 4 on
the back of the scabbard and Spot 9 on the upper side of the
sword handguard plate. All the measurements were made on
surfaces with patina except for Spot 1 from where the patina
was removed after the photo was taken.

Slika 93b

Me¢ in noZznica MM A34, mesta 1, 2 in 4 na hrbtni strani okova
ob ustju noZnice ter mesto 9 na zgornji strani okova branika
meca. Z mesta 1 je bila naknadno odstranjena patina, ostala

mesta so bila merjena na patinirani povrsini.

2* 99.6
3* 99.9
4* 99.8
5 7.4
6 3.9
10* 99.9
11* 99.8
13 99.9
14 99.9
15xn 0.3
16 5.6
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50.0
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MM A34 (pregl. MM A34, sl. 92, 93a, b)

Meritve so bile narejene pred za¢etkom konservacije,
zato je na vseh merjenih mestih izrazita plast patine, le
na mestu 1 je bila patina v glavnem odstranjena.

Iz rezultatov meritev na korodirani povrsini $¢itnika
branika ro¢aja meca (pregl. MM A34: 9) in primerjave
z drugimi §¢itniki medev istega tipa sklepamo, da je
§¢itnik iz bakra ali brona in je imel na povrsini zgornje
strani plast zlitine kositra in svinca.

Okov ob ustju noZnice je iz medenine (pregl. MM A34:
1), na kateri so nastali korozijski produkti, v katerih je
poleg bakra veliko Zeleza (pregl. MM A34: 2,4, S).

Na mestih 6-8 in 11 so meritve poleg bakra (in Zeleza,
ki izvira iz korozijskih produktov) in majhnega deleza
cinka pokazale 4,2 do 12,1 % kositra. Sklepamo, da je
zarek na teh mestih zadel korodirano ploé¢evino, ki je
prekrivala lice noznice in je bila pod okovom s pre-
drtim okrasom ob ustju noznice; ta plo¢evina je pri
tipu Mainz (ki ji pripada noznica MM A34) obi¢ajno
iz medenine, ki je bila na licu pokositrena (prim. AS).
Vsebnosti svinca na mestu 8 ne znamo pojasniti.

B. Bodala in noznice

B1 (pregl. B1.1-2, sl. 94, 95a-c)

Meritve smo izvajali na konserviranem predmetu. Na
merilnih mestih patine nismo odstranjevali.

Zelezni rocajbodala (pregl. B1.1: 13, 14) je ob straneh
zaprt s trakom plo¢evine iz medenine (pregl. B1.1: 1S,
16; visok delez na mestu 16 izmerjenega zeleza je naj-
verjetneje povezan z ostanki patine (prim. Katalog, sl.

B1.2d). Noznica je tavsirana z medenino (pregl. B1.1:
5,6).

Del povrsine sprednje strani zakljucka noznice je
prekrit z zlitino kositra in svinca vrazmerju 1 : 1 (pregl.
B1.1: 1).Zave¢ delov noznice (vklju¢no z zankami in

0.57
0.61
0.39
0.69

6.75
7.54
9 5.01
12 9.02

1.49
1.13
0.93
1.42

45.0
46.6
45.0
46.3

1.11
1.05
1.12
1.44

0.47
0.47
0.54
0.84

4.85
447
417
5.36

023 006 124 596 029 064 202
0.17 006 104 739 013 056 195
019 043 186 573 020 070 223
023 009 468 573 021 072 232
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The elemental composition of the enamel on the B1
dagger and sheath was examined on four spots (Table
B1.2: 7-9, 12). The low potassium and magnesium
contents reveal the use of natron glass, which was
common in the Roman period.*' The measured val-
ues of SiO, suggest that glass comprises roughly two
thirds of the mass. The red colour was obtained by
adding copper (5.73-7.39%) and possibly also lead
oxides (19.5-23.2%). The latter probably improved
the melting of broken glass, as they are present in
most of the analysed enamel. The iron oxide content
measured on Spot 12 deviates considerably from that
measured on Spots 7-9. It is not possible to exclude
the possibility that some of the measured spots were
contaminated with the iron corrosion (rust) from the
surrounding area or that the beam hit the iron sur-
rounding the enamel.

B2 (Tables B2.1-2, Figs. 96, 97a-c)

Measurements on Spots 1, 2, 4 and S were taken be-
fore conservation, on patina-covered surfaces. This
is reflected in the high iron content, which is par-
ticularly high on Spots 2 and 4 because the very small
surviving enamel pieces made it impossible to avoid

661 Isteni¢, Smit 2012, 302. Henderson (2013, 80), in contrast, writes
that glass with plant ash as flux was commonly used in the Roman
period to obtain brown-red enamel.

172

VO O N o~ L AN

RESEARCH USING THE METHODS OF PIXE AND PIGE

133 0.74
18.2 0.57
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0.10
0.07
9.74
17.2
1.05
0.10

0.04

0.12
0.18

0.32
0.27
0.09
0.42
0.35
1.77
0.47

85.7
81.0
22.3

0.72

91.5
98.3

91.6

0.07

Figure 94
Dagger and scabbard B1: the
measured spots.

Slika 94
Bodalo in noznica B1, lega
merjenih mest.

Table B2.1

Spot 6 was initially on the
handle, but after ten seconds
of measuring we realised
that the material was iron
and did not proceed with the
quantitative measurement.
The number 6 was then used
for a spot on the sheath. On
Spots 7 and 8 cf. Fig. 96 and
Catalogue, Fig. B2.4a (Spot 8)
and Fig. B2.4b (Spot 7).

Preglednica B2.1

Mesto 6 je bilo prvotno
oznaceno na rocaju, kjer smo
po kratki meritvi (10 sekund)
ugotovili, da gre za Zelezo,
zato kvantitativne meritve
nismo izvedli. S stevilko 6
smo nato oznacili mesto na
noznici. Glede merilnih mest 7
in 8 primerjaj sl. 96 in Katalog,
sl. B2.4a (mesto 8) in sl. B2.4b
(mesto 7).
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Figure 95a

The front of the B1 dagger scabbard: measured Spots 2, 3 and
4 on the shiny silvery surface without patina, Spots 5 and 6 on
metal inlay of golden appearance, Spots 7-9 on red inlays. Spot
15 on the suspension ring was not measured.

Slika 95a

Noznica bodala B1, sprednja stran, mesta 2, 3 in 4 (srebrno
svetleca se povrsina), 5 in 6 (zlato svetle¢ se kovinski vlozek), 7-9
(rdeci vlozki); na mestu 15 (obro¢ek na zanki) nismo merili.

Figure 95b
The back of the B1 dagger scabbard: measured Spot 11 on the
rivet shank and Spot 10 on the suspension loop.

Slika 95b
NozZnica bodala B1, hrbtna stran, mesti 11 (trn zakovice) in 10
(zanka za pripenjanje).

Figure 95¢

The front of the B1 dagger scabbard: measured Spot 1 on the
silvery coating of the disc terminal.

Slika 95¢

NozZnica bodala B1, sprednja stran, mesto 1 (srebrna plast na
povrsini konice).

Table B2.2

Results of the PIXE/PIGE analyses of green enamel. In addition
to the elements in the table, it also contained 0.24% Cr,O,,
0.06% Ag, 0.03% ZnO and 0.004% NiO. Iron content is not
given, as it originated from the beam hitting the surrounding

area.

Preglednica B2.2.

Rezultati analiz zelenega Spot/

emajla z metodama PIXE Mesto Na,0 MgO ALO
2 273

in PIGE. Poleg elementov v
preglednici so v njem $e 0,24
% Cr,0,, 0,06 % Ag, 0,03 %
ZnO in 0,004 % NiO. Zeleza
nismo dolocili, ker je Zarek

oplazil Zelezno okolico.

3 169 146 287

zakovicami), ki so med postopkom konservacije do-
bile srebrn kovinski sij, so meritve pokazale, da so iz
zeleza (pregl. B1.1: 2-4, 10, 11).

Elementno sestavo emajla na bodalu/noznici B1 smo
ugotovili na $tirih mestih (pregl. B1.2: 7-9, 12). Nizka
deleza kalija in magnezija kazeta, da so uporabili na-
tronovo steklo, ki je bilo v rimski dobi obi¢ajno.*" Iz
izmerjenih vsebnosti SiO, sklepamo, da je bil delez
stekla v masi priblizno dve tretjini. Rdec¢o barvo so
dosegli z dodatkom bakrovih (5,73-7,39 %) in morda
tudi svinéevih oksidov (19,5-23,2 %). Zadnji so ver-
jetno pripomogli k boljSemu taljenju zmletega stekla,
saj so prisotni v vecini analiziranih emajlov. Na mes-
tu 12 izmerjeni odstotek zelezovega oksida mo¢no
odstopa od vsebnosti tega oksida na mestih 7-9. Ne
moremo izkljuciti, da so bila nekatera merjena mesta
kontaminirana z rjo iz okolice, niti moznosti, da je
zarek ob robu zadel Zelezno okolico emajla.

B2 (pregl. B2.1, sl. 96, 97a-c)

Meritve na mestih 1, 2, 4 in S smo naredili pred kon-
serviranjem predmeta, ko je bilo na merjenih mes-
tih $e precej patine. To med drugim odsevajo visoki
odstotki na teh mestih izmerjenega zeleza. Pri meritvah
mest 2 in 4 je delez Zeleza $e visji, ker se zaradi izredno
majhnih mest, ki smo jih ciljali, ni dalo izogniti temu,
da protonski zarek poleg namerjenega mesta ne bi
zadel $e Zelezne okolice. Zadnje velja tudi za meritve v
tockah 6-9, ki so poleg tavsiranega okrasa zajele velik
del okolice, ki je zelezna, zato so v tabeli podani rezulta-
ti meritev prera¢unani tako, da izmerjeni delez zeleza ni
upostevan (vsota izmerjenih elementov brez Zeleza =
100 %); te rezultate je smiselno obravnavati previdno.

Rezultati meritev (preracunani tako, da je izmer-
jeno Zelezo izlo¢eno) kazejo, da je zelezna noZnica
okragena z vlozki iz srebrove zlitine visoke kvalitete
(pregl. B2.1: 1, 2,4, 8, 9), medenine (pregl. B2.1: 6, 7)
in emajla (pregl. B2.2: 3), ki je narejen iz natronovega
stekla,* zeleno barvo pa mu je dal bakrov oksid.
Razli¢ne vrste bakrovih oksidov so namrec¢ steklo ozi-

roma emajle obarvale razli¢no.

Sprednja stran okroglega zaklju¢ka noznice je pokosi-
trena (pregl. B2.1: 5).

TiO, MnO Fe0, CuO SnO, Sb0, PbO
011 058 - 500 067 151 120

661 Isteni¢, Smit 2012, 302. Henderson (2013, 80) navaja nasprotno, da
so za rimske emajle rjavordece barve pogosto uporabili steklo, pri
katerem je bilo talilo rastlinski pepel.

662 Prim. B1.
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the surrounding iron. The same holds true of the
measurements on Spots 6-9, hence the results in the
table are given without the iron content (the sum of
the measured elements without iron = 100%); these
results should be treated with caution.

The results when disregarding the iron content show
that the iron sheath was decorated with inlays of
a high-quality silver alloy (Table B2.1: 1, 2, 4, 8, 9),
brass (Table B2.1: 6, 7) and enamel (Table B2.2: 3);

2 and coloured

the enamel is made of natron glass,
using copper oxide. Different copper oxides could

produce different colours.

The front of the sheath’s disc terminal is tinned ( Table
B2.1:3).

B3 (Table B3, Figs. 98, 99)

Measurements were taken immediately after conser-
vation on spots where the patina had largely been re-
moved.

The measured rivet and both loops on the sheath are
of brass (Table B3: 1-3). The measured iron content
on Spots 2 and 3 suggest traces of patina.

B4 (Table B4, Figs. 100, 101)

Measurements were taken immediately after conserva-
tion, without additionally removing the upper layers.

Both measured rivets are of brass (Table B4: 1, 2). The
iron content suggest traces of patina.

785 184 008 0.12 -

2 21 02 794 173 0.04 046 0.09 0.5

Table B4
Preglednica B4

662 Cf. B1.

1*n

Figure 96
Dagger and sheath B2: the
measured spots.

Slika 96
Bodalo in noznica B2, lega
merjenih mest.

Table B3
Preglednica B3

77.4 21.6 0.27 =
2* 28 73.7 22.6 0.48 = 0.1
Sh 1.7 76.2 210 0.57 0.07 0.5

Figure 98

Dagger scabbard B3: the
measured spots.

Slika 98

NoZnica B3, lega merjenih
mest.
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Figure 99

The back of the B3 dagger scabbard:
measured Spot 1 on the rivet shaft as well as
Spots 2 and 3 on the suspension loops.

Slika 99

NoZnica B3, hrbtna stran, mesta 1 (trn
zakovice) ter 2 in 3 (zanki za obesanje).



Figure 97a

The front of the B2 dagger
scabbard: measured Spots 1,
2 and 4 on the shiny silvery
inlays as well as Spot 3 on the
green inlay. The measurement
on Spot 6 on the handle
revealed in a few seconds
that it was iron, therefore the
quantitative measurement
was omitted. Number 6 was
then assigned to the metal
inlay in the scabbard (cf. Fig.
97c and Table B2: 6).

Slika 97a

NoZnica B2, sprednja stran,
mesta 1, 2 in 4 (srebrno
svetledi se vlozki) in 3 (zelen
vloZek). Na mestu 6 na rocaju
(vidno na fotografiji) smo po
kratki meritvi (10 sekund)
ugotovili, da gre za Zelezo,
zato kvantitativne meritve
nismo izvedli. S Stevilko 6 smo
nato oznacili tavsiran kovinski
okras na noznici (prim. sl. 97¢
in pregl. B2: 6).

Figure 97b

The front of the B2 dagger
scabbard: measured Spot 2
on the shiny silvery inlay and
Spot 5 on the disc terminal
coating.

Slika 97b

NozZnica B2, sprednja stran,
mesti 2 (srebrno svetlec se
vlozek) in 5 (prevleka na
povrsini konice).

Figure 100

Dagger B4: the measured
spots.

Slika 100

Bodalo B4, lega merjenih
mest.

Figure 101
The front of the B4 dagger scabbard: measured Spots 1
and 2 on the rivet heads.

Slika 101
Noznica B4, sprednja stran, mesti 1 in 2 (glavici
zakovic).

Figure 97c

The front of the B2 dagger scabbard: measured Spot
6 on the yellow shiny metal inlay and Spot 9 on the
inlaid cross (the measured spot is not marked with a
number).

Slika 97¢

NozZnica B2, sprednja stran, mesti 6 (rumen svetlec¢
se kovinski vlozek) in 9 (tavsiran krizéek; oznaka
merjenega mesta na posnetku je brez Stevilke).

B3 (pregl. B3, sl. 98, 99)

Meritve smo naredili neposredno po zaklju¢ku kon-
servacije na mestih, s katerih smo v glavnem odstrani-
li patino.

Rezultati kazejo, da so izmerjena zakovica in obe
izmerjeni zanki noznice iz medenine (pregl. B3: 1-3).
Iz izmerjenih odstotkov Zeleza v to¢kah 2 in 3 sklepa-
va, da so bili na merjenih mestih ostanki patine.

B4 (pregl. B4, sl. 100, 101)

Obe zakovici smo merili na sveze o¢i$¢eni povrsini,
brez dodatnega odstranjevanja vrhnjih plasti.

Rezultati kazejo, da sta zakovici iz medenine (pregl.

B4: 1, 2); iz izmerjenih odstotkov Zeleza sklepava, da
so bili na merjenih mestih ostanki patine.
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C. Helmets

C1 (Table C1, Figs. 102, 103a-d)

Measurements were taken several years after conser-
vation. On Spots 1-4, a thin surface layer was removed
before measuring so as to expose the metal core.

The helmet bowl is of bronze with ca. 11-12% tin
(Table C1: 1-2) and the cheek piece hinges of bronze
with a lower tin content (Table C1: 3-4). Both mea-
sured rivets are of copper (Table C1: 5-6).

2%
3*
4*

1* 0.3

0.3
0.3
0.6
04
0.3
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88.1
87.6
91.7
95.1
99.1
99.3

0.10
0.14
0.35
0.06
0.41
0.04

0.12
0.07
0.08
0.07
0.15

114
11.9
7.6

4.3

0.2

Table C1

Iron (Fe) is not included in the
table as its content was too
low to distinguish its peak
from the copper escape peak.

Preglednica C1

Zelezo (Fe) ni vkljugeno v

preglednico, ker ga je bilo
izmerjenega tako malo, da
ga ni bilo mogoce lo¢iti od
bakrovega ubeZnega vrha.

Figure 102

Helmet C1: the measured
spots.

Slika 102

Celada C1, lega merjenih
mest.



Figure 103a

The right inner side of helmet
C1: measured Spot 1 on the
rim of the bowl and Spot 3 on
the cheek-piece hinge, both
without patina.

Slika 103a

Celada C1, notranjost desne
strani, mesti 1 (rob kalote)
in 3 (zanka tecaja), obe brez
patine.

Figure 103b

The left inner side of helmet
C1: measured Spot 2 on the
rim of the bowl and Spot 4 on
the cheek-piece hinge, both
without patina.

Slika 103b

Celada C1, notranjost leve
strani, mesti 2 (rob kalote)
in 4 (zanka tecaja), obe brez
patine.

Figure 103c

The right outer side of helmet
C1: measured Spot 5 on the
rivet head.

Slika 103c

Celada C1, desna stran, mesto
5 (glava zakovice).

Figure 103d

The left outer side of helmet
C1: measured Spot 6 on the
rivet head.

Slika 103d

Celada C1, leva stran, mesto 6
(glava zakovice).

1* 1.8 0.3

2* = 0.5
3* = 0.4
4* = 0.5
5* 1.9 0.6
6 = 0.1
7* = 0.1
8.5 -
2.0 =
10 = 0.3
11* - 0.2
12 = 0.3
13* 3.0 -
14* 1.3 0.2
Table C2
Preglednica C2

87.2
99.2
99.4
93.5
92.2
97.6
85.5
4.9

0.72
911
76.1
89.8
0.93
75.0

1.7
14.0
1.0
0.1
8.2
23.2
9.3
0.25
224

0.14
0.17
0.18
0.19
0.18
0.03
0.03
0.11
0.08
0.05
0.04
0.16
0.08

0.11
0.03
0.04
0.01

0.44
0.37
0.18
0.11
24.0
46.3
0.06
0.07
0.19
52.9
0.25

0.04
0.04

0.06
0.11
0.08
0.16
0.25

10.5
0.1
5.4
4.7
0.3
0.2
61.4
50.7
0.3
0.4
0.3
42.7
0.25

C. Celadi

C1 (pregl. C1,sl. 102, 103a-d)

Meritve smo naredili ve¢ let po konservaciji predme-
ta; z mest 1-4 smo odstranili tanek povrinski sloj.

Rezultati meritev kazejo, da je kalota ¢elade iz brona,
ki vsebuje priblizno 11-12 % kositra (pregl. C1: 1-2),
tecaja pa sta iz brona z manj$im odstotkom kositra
(pregl. C1: 3-4). Obe izmerjeni zakovici sta bakreni
(pregl. C1: 5-6).

C2 (pregl. C2, sl. 104, 105a-c)

Meritve smo delali po konservaciji. Z mest 1-5, 7,
11, 13-14 smo v glavnem odstranili tenko povrsinsko
plast; visoke vsebnosti Zeleza, ki jih kazejo meritve na
mestih 1, 5 in 13, so najverjetneje povezane z nepo-
polno odstranjeno patino.

Rezultati meritev kazejo, da je kalota ¢elade iz brona,
ki vsebuje okoli 10-11 % kositra (pregl. C2: 1).

Nastavki za okras ob straneh in na zadnjem delu ¢elade
so iz medenine, v kateri smo izmerili okoli 22-23 %
(pregl. C2: 11, 14) oziroma 14 % cinka (pregl. C2: 7).

Nastavki za okras so bili na kaloto ¢elade prispajkani z
zlitino kositra in svinca (pregl. C2: 8,9, 13).

Tecaja za pritrditev li¢nih §¢itnikov sta iz brona z okoli

S % kositra (pregl. C2: 4-5) in sta bila na kaloto pri-
trjena z bakrenimi zakovicami (pregl. C2: 2-3).
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C2 (Table C2, Figs. 104, 105a-c)

Measurements were taken after conservation. Spots
1-5, 7, 11, 13-14 were prepared by removing patina
so as to expose the metal core; the high iron content
on Spots 1, S and 13 most likely indicates incomplete
patina removal.

The helmet bowl is of bronze with ca. 10-11% tin
(Table C2: 1).

The plume tubes at the sides and the back are of brass
with ca. 22-23% (Table C2: 11, 14) and 14% zinc
(Table C2: 7), respectively.

The plume tubes were fastened to the bowl with a tin-
lead alloy solder (Table C2: 8,9, 13).

The cheek piece hinges are of bronze with ca. 5% tin
(Table C2: 4-S) and were fastened to the bowl with
copper rivets (Table C2: 2-3).

We could not reach the dark grey material inside the
crest knob (Catalogue, Fig. C2.2g) with the proton
beam, hence some of it was scraped off with a piece of
cotton that was then measured. The results reveal an
alloy of lead (95%) and tin (4.5%). For comparison,
we repeated the procedure with a modern lead-tin
solder in a 40 : 60 ratio and the measurement showed
a considerably higher percentage of lead (80 : 20)
with respect to its actual share in the alloy. This sug-
gests that the same may hold true of the alloy used
to fill the crest knob; the said filling can therefore be
seen as made of a tin-lead alloy in which lead probably
predominates.

H. Pieces of military belts

H1 (Table H1, Figs. 106, 107)

Measurements were taken during conservation. Pa-
tina was removed on Spots 1-3.

Measurements on spots without patina reveal that the
belt plate is made of an alloy with at least 95% silver
(Table H1: 1); the same is true of the measurements
on the patina (Table H1: 4, 6). The differences in the
contents measured on the patina and on surfaces
without patina are relatively small. It is not unusual for

Figure 104 ‘ i 3 |
Helmet C2: the measured o o i
ts. g ' : AR ; ivaiaal
POt sl R . i)
Slika 104 S g e i
Celada C2, lega merjenih
mest. 4
Spot/ Table H1
Mesto Fe Cu Au Pb Ag Measurements were
taken with a 0.1 mm thick
1*= 0.36 3.20 0.99 0.24 95.2 -
aluminium absorber except
2* 0.30 3.20 1.00 0.27 95.2 on Spots 2 and 12, where a
3* 0.30 3.40 0.93 0.29 95.1 0.3 mm thick absorber was
loyed. M t
4 13 150 088 016 962 employec. Measurements
with a narrow beam were not
5 0.72 2.80 0.86 0.32 95.3 taken with an absorber.
6 0.93 1.60 0.95 0.19 96.3 Preglednica H1
7 0.18 0.76 0.69 0.38 98.0 Meritve so bile opravljene
8 090 014 030 014 985 2 aluminijevim absorberjem
debeline 0,1 mm, razen na
9 042 022 046 016 98.7 mestih 2 in 12, kjer je bila
10 0.56 1.20 1.10 0.22 96.9 debelina absorberja 0,3 mm.
11 15 1.00 73 0.10 90.0 Pri merlt\'/l z szklm zarkor.n'
absorberja nismo uporabili.
12 2.3 0.91 20.7 0.07 76.0
13 29 3.90 2.70 0.69 89.9
14 0.77 3.50 1.30 0.34 94.1
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Figure 105a

The left side of helmet C2:
measured Spot 1 on the
neckguard, Spot 3 on the rivet
head, Spot 4 on the cheek-
piece hinge, Spots 12 and 14
on the plume tubes, as well

as Spot 13 on the solder that
fixed the plume tubes to the
bowl.

Slika 105a

Celada C2, leva stran, mesta
1 (vratni §¢itnik), 3 (glavica
zakovice), 4 (zanka tecaja), 12
in 14 (nastavek za okras) ter
13 (lota ob nastavku).

Figure 105c

The back of helmet C2:
measured Spots 6 and 7 on
the plume tubes as well as
Spots 8 and 9 on the solder.
Slika 105c.

Celada C2 zadaj, mesta 6-7
(nastavek za okras) ter 8-9
(lot).

Figure 105b
The right side of helmet C2: measured Spot 2 on the rivet
head, Spot 5 on the cheek-piece hinge as well as Spot 10
and Spot 11 on the plume tubes.

Slika 105b.
Celada C2, desna stran, mesta 2 (glavica zakovice), 5 (zanka
tecaja) ter 10-11 (nastavek za okras).

Temnosive snovi v gumbu ¢éelade (Katalog, sl. C2.2g)
nismo mogli dose¢i s protonskim zarkom, zato smo
njeno priblizno elementno sestavo skusali ugotoviti
tako, da smo jo na majhnem delu podrgnili s kosmom
vate ter tega nato merili. Rezultati so pokazali zlitino
svinca (95 %) s kositrom (4,5 %). Za primerjavo smo
enako naredili s sodobnim svin¢evo-kositrnim lotom
v razmerju 40 : 60. Izkazalo se je, da je meritev ostr-
gane plasti na vati pokazala bistveno visji odstotek
svinca (80 : 20). Sklepamo, da je (lahko) enako pri
zlitini, s katero je bil zalit gumb ¢elade C2, za katerega
torej lahko re¢emo le, da je iz zlitine svinca in kositra,
v kateri verjetno prevladuje svinec.

H. Deli vojaskih pasov

H1 (pregl. H1, sl. 106, 107)

Meritve smo naredili med postopkom konservacije;
z mest 1-3 smo dodatno odstranili tenko povrsinsko
plast.

Meritve na mestih brez patine so pokazale, da je okov
iz zlitine z najmanj 95 % srebra (pregl. H1: 1); enako
kazejo meritve na patini (pregl. H1: 4, 6). Razlike v
vsebnosti posameznih elementov med meritvami na
patini in na mestih brez patine so razmeroma majhne.
Majhen delez zlata je pri rimskih srebrovih zlitinah
pogost.® Iz rezultatov meritev na patini gumbov na
tecajih in glavi zakovice v sredini okova sklepamo, da
so iz enake ali zelo podobne zlitine kot okov (pregl.
HI: 7-9). Iz podobne srebrove Zlitine sta tudi zati¢a
zakovic, pri katerih smo izmerili patino (pregl. HI:
13-14).

Na s krogci punciranem osrednjem delu lica okova
so meritve potrdile s prostim o¢esom vidno pozlato
(pregl. H1:11-12; prim. Katalog, sl. H1.1a).

Meritev na reliefno dvignjenem delu okrasa je poka-
zala v primerjavi z meritvami na mestih 1-3 minimal-
no povecan odstotek zlata (pregl. H1: 10). Pregled teh
delov okova pod mikroskopom je pokazal zelo slabo
ohranjene, a nedvomne ostanke pozlate (prim. Kata-
log, H1).

Vedje povecanje deleza zlata smo ugotovili na trnih
zakovic s polkroznimi okrasnimi glavicami (pregl. H1:

663 Prim. zgoraj, A13.
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Roman silver to contain substantial traces of gold.*®®
The results on the patina of the spherical terminals
and of the rivet head in the centre of the plate suggest
they are of the same or very similar alloy as the rest
of the plate (Table H1: 7-9). We also measured the
patina on two rivet shanks, which were found to be of
a similar silver alloy (Table H1: 13-14; the relatively
high gold content, particularly on Spot 13, is difficult
to explain as the measurements were taken on the
patina).

Measurements confirmed the visually detected gild-
ing on the central front part of the plate, which is
chased with tiny circles (Table H1:11-12; cf. Cata-
logue, Fig. H1.1a).

The measurements on the raised parts of the decora-
tion show a minimal increase in gold content (Table
HI: 10) in comparison with the measurements on
Spots 1-3 (Table H1: 1-3). A repeated examination
of this part under the microscope revealed poorly sur-
viving, but positively identifiable remains of gilding
(cf. Catalogue, H1).

Higher gold content has been established on the
shanks of the rivets with decorative hemispherical
heads (Table H1: 13-14); the heads bear no traces of
gilding (cf. measurement on the central rivet: Table
HI: 9), which suggests that gold spread there either
while gilding other parts or during conservation (sur-
faces with and without gilding were cleaned with the
same tool).

The results of the XRF analyses correspond with
those of the PIXE analyses.*

H2 (Table H2, Figs. 108, 109a-c)

Measurements were taken on three occasions, all after
conservation. The second measurements on Spots 3
and 4 were taken on surfaces after the patina had been
removed (cf. Fig. 109, c). The table only gives the last
measurement for each spot.

The buckle and associated plate are both of brass
(Table H2: 3, 4). They are silvered on the front
(Table H2: 1, 2). The differential PIXE analyses
on the well-preserved shiny silvery surface show
the layer of high-quality silver alloy to be relatively
homogeneous and thick enough for the excitation of
X-rays in the substrate to be negligible; the silver layer
is estimated to be more than 30 pm thick. The silver

663 Cf. above, A13.
664 Cf. Isteni¢, Mili¢, Smit 2003,291-293, Table 3.
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Spot/

Mesto  wFe
1 5.8
2 3.7
3 0.97
3*n 0.56
4 0.83
4*n 0.61
5 46.4
6* -

7* -

Ni

0.21
0.22

Cu
3.8
5.6
80.6
79.6
76.3
77.2
48.8
99.8
100.0

Zn
0.4
0.2
16.3
18.3
20.3
20.0
2.1

As
0.05
0.07
0.078
0.043
0.066
0.038
0.23

Ag

89.1
89.4
0.31
0.22
0.18
0.12
0.49

Sn

1.2
1.0
11
1.0
1.3

Figure 106
Belt-plate H1: the measured
spots.
Slika 106
Pasni okov H1, lega merjenih
mest.
Sb Au Pb
0.67 0.13
- 0.60 042
= = 0.52
= = 0.32
0.38 0.59
0.27 = 0.43
@ = 0.70
= = 0.19
= 0.02
Table H2

Preglednica H2

Figure 108

The H2 belt-plate and buckle:
the measured spots.

Slika 108

Pasna spona in okov H2, lega
merjenih mest.



Figure 107

The back of the H1 belt-
plate: measured Spots
1-3 on the surfaces
without patina.

Slika 107

Pasni okov H1, lega
merjenih mest 1-3 z
odstranjeno patino na
spodnji strani.

Figure 109a

The front of the H2 belt-plate
and buckle: measured Spots
1 and 2 on the coating with
silvery appearance.

Slika 109a

Pasna spona z okovom H2,
zgornja stran, mesti 1 in 2

(srebrna plast na povrsini).

Figure 109b

The back of the H2 belt-plate
and buckle: measured Spots
3 and 4 before the removal of
the patina, Spot 5 on the dark
grey layer, as well as Spots 6
and 7 on the rivets.

Slika 109b

Pasna spona z okovom H2,
spodnja stran, mesta 3-4 na
okovu oz. sponi (patina 3e ni
odstranjena), 5 (temnosiva
plast na povrsini okova) ter
6-7 (zakovici).

Figure 109c

The back of the H2 belt-plate
and buckle: measured Spots 3
and 4 after the removal of the
patina.

Slika 109c

Pasna spona z okovom H2,
mesti 3 in 4 z odstranjeno
patino na spodniji strani spone
oz. okova.

13-14); ker na glavicah ni sledov pozlate (prim. meri-
tev na osrednji zakovici: pregl. H1: 9), domnevava,
da je zlato tja zaslo med zlatenjem sprednje strani
oziroma med konservacijo (pozlatene in nepozlacene
dele namre¢ ¢istijo z istim orodjem).

Z rezultati meritev PIXE so skladne analize XRF.%*

H2 (pregl. H2, sl. 108, 109a-c)

Meritve smo izvajali trikrat, vse po konservaciji. Po
prvih meritvah smo z mest 3 in 4 bolje odstranili pa-
tino (prim. sl. 109b, ¢). V preglednici rezultatov so na-
vedene le zadnje meritve na vsakem mestu.

Spona in pripadajo¢i okov sta iz medenine (pregl. H2:
3, 4). Njuna sprednja stran je posrebrena (pregl. H2:
1, 2). Diferencialne analize PIXE na dobro ohranjeni
srebrno sijo¢i povrdini so pokazale, da je plast vi-
sokokvalitetne srebrove zlitine razmeroma homogena
in tako debela, da je bilo vzbujanje rentgenskih zarkov
v podlagi zanemarljivo — debelino srebrne plasti oce-
njujeva na ve¢jo od 30 pm. Na povrsini izmerjena
vsebnost srebra je — verjetno zaradi kontaminacije s

patino — malo manjsa od dejanske.*

Meritve na temnosivi plasti, vidni na ve¢ mestih na
hrbtni strani okova, nakazujejo, da ta stran ni bila po-
srebrena (pregl. H2: S).

Zakovice so bakrene (pregl. H2: 6, 7).

H3 (pregl. H3,sl. 110, 111a, b)

Z mest 1-3 smo odstranili povrsinsko plast, vendar
meritve na mestu 3 nismo izvedli. Zarek tarée namre¢
ne bi zadel pod ustreznim kotom.

Rezultati meritev kazejo, da sta plos¢ica in zanka iz
zelo kvalitetne srebrove zlitine, ki vsebuje okrog 97 %
srebra (pregl. H3: 1-2); zelo nizka vsebnost zlata je za
rimske srebrove zlitine obic¢ajna.®® Na zgornji strani
ploscice so ostanki pozlate (pregl. H3: 4-S5). Glede na
odsotnost zivega srebra domnevava, da so za zlatitev

uporabili zlate listice.5

664 Prim. Isteni¢, Mili¢, Smit 2003, 297-298, tabla 3.
665 Smit, Istenié, Knific 2008, 2331, 2332.

666 Prim. zgoraj, A13.

667 Smit, Isteni¢, Knific 2008, 2331, 2332.
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content measured on the surface is — probably due
to a contamination with patina — slightly lower than

actual.®®

The measurement on the dark grey layer visible in
several areas on the back of the plate suggests that the
back was not silvered (Table H2: S).

The rivets are of copper (Table H2: 6, 7).

H3 (Table H3, Figs. 110, 111a, b)

The surface layer on Spots 1-3 was removed, but Spot
3 was not measured as we found the beam would not
hit the target at the appropriate angle.

The head and the loop are of silver alloy with ca. 97%
silver (Table H3: 1-2); it is common for Roman sil-
ver alloys to contain traces of gold.*®® The upper side
of the head bears traces of gilding (Table H3: 4-S5).
The absence of mercury suggests that gold leaves were
used to gild the fastener.®”

H4 (Table H4, Figs. 112, 113a-c)

The head of the fastener was cast of an alloy of tin and
lead roughlyin a 1 : 1 ratio (Table H4: 3). The surviv-
ing part of the loop at the back is of brass (Table H4:
S).

Measurements on two other spots of the patina-cov-
ered front of the head show tin and lead, as well as
iron that mainly originates in the patina (Table H4:
1-2). Great differences in the ratio between tin and
lead probably reflect the inhomogeneity of the alloy.

665 Smit, Isteni¢, Knific 2008, 2331, 2332.
666 Cf. above, A13.
667 Smit, Isteni¢, Knific 2008, 2331, 2332.

159 054 032 97.3

2* 1.0 108 079 019 0.08 96.9
104 093 164 027 = 72.0

5) 52 0.96 128 028 0.03 80.8

Table H3
Preglednica H3

55.0 0.10 0.14 128 29.2
2 74 1.04 013 - = 55.7 35.8
Sh 0.4 141 0.06 - = 488 493
5*n 022 789 199 0023 011 0.7 013
5* 026 769 217 0025 012 06 042
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Figure 110

The H3 button and loop
fastener: the measured
spots.

Slika 110

Ploscica z dvojno zanko H3,
lega merjenih mest.

Table H4

Spot 4 was not measured.
Preglednica H4

Meritev na mestu 4 ni bila
izvedena.

Figure 112

The H4 button and loop
fastener: the measured spots.
Slika 112

Plos¢ica z zanko H4, lega
merjenih mest.



Figurellla

The back of the H3 button
and loop fastener: measured
Spot 1 on the loop and Spot
2 on the head; the Spot 3 was
not measured.

Slika 111a

Plos¢ica z dvojno zanko H3,
spodnja stran, lega mest 1
(na zanki), 2 in 3; na mestu 3
meritev ni bila opravljena.

Figure 111b

The upper side of the H3
button and loop fastener:
measured Spots 4 and 5, both
with patina.

Slika 111b

Plos¢ica z dvojno zanko H3,
zgornja stran, lega mest 4 in 5,
obe s patino.

Figure 113a

The front of the H4 button and loop fastener:

measured Spots 1 (on the cheek of the man’s
head) and 2.

Slika 113a

Ploscica H4, sprednja stran, lega mest 1
(merjeno na licu portreta, pod konico puscice,
ki oznacuje mesto 1) in 2.

Figure 113b

The back of the H4 button and loop fastener:
measured Spots 3 and 4 on the head (the
patina was removed from Spot 3) and Spot 5
on the loop, before the patina was removed.

Slika 113b

Ploscica H4, hrbtna stran, mesta 3 in 4
(plos¢ica; na mestu 3 je patina odstranjena) ter
5 (zanka, pred odstranitvijo patine).

H4 (pregl. H4,sl. 112, 113a-c)

nehomogenosti zlitine kositra s svincem.

Figure 113c
The back of the H4 button and loop
fastener: Spot 5 on the loop.
Slika 113c

Ploscica H4, hrbtna stran, lega
mesta 5 na zanki.

RAZISKAVE Z METODAMA PIXE IN PIGE

Plos¢ica je ulita iz zlitine kositra in svinca v razmerju
priblizno 1 : 1 (pregl. H4: 3). Nastavek z odlomljenim
zaklju¢kom na hrbtni strani predmeta je iz medenine

(pregl. H4: S).

Meritev na dveh mestih na patini na licu je, poleg
zeleza, ki izvira predvsem iz patine, pokazala kositer in
svinec (pregl. H4: 1-2). Velika razlika v razmerju med
kositrom in svincem v meritvah je verjetno posledica
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H5 (Table H5, Figs. 114, 115a, b) Spot/ Table H5

Mesto  Fe Cu Zn Sn Pb Preglednica H5
Commentary 1 11.0 0.48 0.18 57.5 30.8

2 13.9 7.81 0.32 59.9 18.0
The head is of tin-lead alloy (Table HS: 3). The mea- 3" 2.6 0.71 0.05 61.6 35.1

surement on the patina-covered front (Table HS: 1)
shows no significant deviations from the measure-
ments on the surface without patina (Table HS: 3).

Figure 114
Button and loop fastener H5:
the measured spots.

This is clear when recalculating the results by disre-
garding iron: Spot 1 reveals 37.1% tin and 58.3% lead,
while Spot 3 reveals 35.5% tin and 59.4% lead. This

shows that the front was most likely not plated either ?l:(:éilc?Hs, lega merjenih
with tin or other metals. mest.
The surface on the back is rather uneven and its patina
has a considerably lower lead content (Table HS: 2); =
this may reflect an inhomogeneous alloy or a different | Mesto | Fe Ni Cu Zn As Ag sn Pb
ion transport in the patination process. 1% 0.34 0.10 83.2 15.8 R 0.07 0.3 019
1*m 0.33 0.08 82.7 16.2 0.011 0.07 0.4 0.22
Hé6 (Table H6, Figs 1 16, 1 17) Table H6
Preglednica H6
The buckle is of brass with at least ca. 16% zinc.
Figure 116
Buckle H6: the measured
spot.
Slika 116
Pasna spona Hé, lega
l. Decoraﬁons merjenega mesta.
11 (Table I1, Fig. 118)
The medallion is made of an alloy of tin and lead  [5pat/ Table 11
roughlyina 2 : 1 ratio (Table I1: 8, 9). The measured ~ |Mesto Mn |Fe | Cu Zn |Ag (Sn |Au  Pb Preglednica 11
iron most likely indicates that the proton beam hit the 1 06 80 08 - 400 321 - 18.6
surrounding area, where the patina had not been re- 2 03 164 06 - 658 92 03 73
moved. The measurements on Spots 12 and 13 also 3 04 113 01 005 - 755 | = 12.6
indicate a tin-lead alloy, but in a different ratio; here, 4 01 67 05 - = R | = 0.4
the patina was removed from areas of damage to the 5 03 68 134 06 92 476 - 220
original surface. Spots 12 and 13 are smaller than 6 01 65 04 005 - 86.9 - 6.0
Spots 8 and 9, hence the proton beam also hit thesur- 72 01 35 744 03 10 531 - 344
rounding area. This shows that the latter two spotsare 8" 01 32 025 02 - 60.3 - 35.9
relevant in terms of the alloy used to cast the object. 9 02 69 027 02 - 614 - 30.9
10*= 01 60 034 03 - 921 - 1.0
The front is silvered (Table I1: 1, 2, 12, 13). The dif- 1™ 01 43 345 04 11 538 - 36.8
ferences in the measured silver content on the surface ~ 12"= 02 59 047 04 116 384 - 42.9

are caused by uneven preservation of the silveringand =~ 13 03 108 082 03 309 196 05 368
possibly also the uneven thickness of the silvering lay-
er, as the beam penetrated to the underlying metal; if
the silvering layer were ca. 30 pm thick or more, the
measurements would only show silver. The traces of
gold in the silver (Table I1: 2, 13) are not indicative of
intentional addition, but rather originate in the ore.*®

668 Hughes, Hall 1979, 325-335; Isteni¢ 2003b, 283; Smit, Isteni,
Knific 2008, 2331.
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Figure. 115a

The front of the H5 button
and loop fastener: measured
Spot 1.

Slika 115a

Plos¢ica H5, sprednja stran,
lega mesta 1.

Figure. 115b

The back of the H5 button
and loop fastener: measured
Spots 2 (with patina) and 3
(the patina was removed).
Slika 115b

Ploscica H5, lega mest 2 in
3 (patina je odstranjena) na
hrbtni strani.

Figure 117

The back of the H6 buckle:
measured Spot 1 (patina was
removed).

Slika 117

Pasna spona Hé, hrbtna
stran, lega mesta 1 (patina je
odstranjena).

Figure 118

Medallion I1: the measured
spots on the front and back.
Slika 118

Ploscica 11 z reliefnim
okrasom, lega merjenih
mest.

H5 (pregl. H5, sl. 114, 115a, b)

Plo$¢ica je iz zlitine kositra in svinca (pregl. HS: 3).
Meritev na patini na licu (pregl. HS: 1) ni pokazala
pomenljivih odstopanj od meritev na mestu brez
patine (pregl. HS: 3). To postane jasno, ¢e rezultata
preracunamo tako, da zanemarimo Zelezo: na mestu 1
dobimo 37,1 % kositra in 58,3 % svinca, na mestu 3 pa
35,5 % kositra in 59,4 % svinca. Sprednja stran torej
najverjetneje ni imela kositrne ali druge prevleke.

Na patini hrbtne strani, ki ima precej neenotno
povrsino, smo izmerili bistveno manjsi delez svinca
(pregl. HS: 2). Vzrok je morda nehomogenost zlitine
ali drugaden transport ionov po tvorbi patine.

Hé6 (pregl. H6,sl. 116, 117)

Predmet je iz medenine z najmanj okoli 16 % cinka.

I. Odlikovaniji

11 (pregl. 11, sl. 118)

Predmet je iz zlitine kositra in svinca priblizno v
razmerju 2 : 1 (pregl. 11: 8, 9). Izmerjeno Zelezo naj-
verjetneje nakazuje, da je protonski zarek zadel tudi
okolico povrsine, s katere je bila odstranjena patina.
Na zlitino kositra in svinca, vendar v druga¢nih
razmerjih, kazeta tudi meritvi na mestih 12 in 13. Tu
smo patino odstranili s povr§ine mest, kjer je bila pr-
votna povrsina predmeta ze poskodovana. Merjeni
mesti sta manj$i kot mesti 8 in 9, zato je protonski
zarek poleg za meritev predvidene povrsine zadel tudi
okolico; za predstavo o zlitini, iz katere je bil predmet
ulit, sta merodajnej$i meritvi na mestih 8in 9.

Sprednja stran predmeta je bila posrebrena (pregl. I1:
1, 2, 12, 13). Razlike v izmerjenem delezu srebra na
povrsini so povezane z neenakomerno ohranjenostjo
posrebritve in lahko tudi z neenakomerno debelino
prvotnega sloja srebra na povrsini — Zarek je namre¢
dosegel in izmeril plast pod srebrom. Pri debelini sre-
brne prevleke okoli 30 ym ali ve¢ bi meritve pokazale
le srebro. Izmerjeni sledovi zlata v srebru (pregl. I1: 2,
13) niso posledica namernega dodajanja, temve¢ izvi-

rajo iz rude.®®

668 Hughes, Hall 1979, 325-33S; Isteni¢ 2003b, 294; Smit, Istenié,
Knific 2008, 2331.
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Measurements on the back (Table I1: S, 7, 11) also
reveal the presence of silver, which indicates that sil-
ver was transferred there either during the original sil-

vering of the front or during conservation (cf. above,
H1).

Measurements on the part of the back bearing traces of
incisedfurrowing (Surface3,cf.Chapter12.1,Fig.50:3)
reveal the presence of copper (TableI1: S, 7, 11). This
may indicate the use of tools of copper alloy for treat-
ing the back surface of the medallion or the surface of
the backing.®” This is supported by the highest cop-
per content measured on the surface (Table I1: §) and
a lower one in areas where the surface layer had been
removed (TableI1:7,11).

Surface 2 (Fig. S0: 2; cf. Chapter 12.1) revealed a high
tin content (92.1, 92.2 and 86.9%), which indicates
the area where the medallion adhered well to the
backing of either tin or an alloy of tin and a low share
oflead (Table I1: 4, 6, 10).

The measurement on Surface 1 (Table I1: 3; Fig. S0
1) indicates the area where the back of the medallion
adhered very poorly to the backing.

The alloy of tin and lead roughly in a 2 : 1 ratio, which
was used for the I1 medallion, has the lowest melt-
ing point in the Sn-Pb binary system, at 183 °C. This
made it highly fluid and suitable for filling small sunk-
en areas (e.g. embossed decoration) during casting.
The melting point of the backing, made of either tin
or an alloy with tin predominant, was higher, roughly
220-235 °C. The medallion was presumably fastened
to the backing in either of two ways: a) by pressing it
against the backing previously heated to the tempera-
ture that made it malleable/plastic, or b) by heating
the backing together with the medallion and thereby
indirectly heating the back of the medallion which
(partly) fused with the backing because of the lower
melting point. Surfaces 1, 2 and 3 (Fig. S0) indicate
that the back only adhered to the backing in a small
part (Surface 2).7°

The relatively high contents of iron and manganese
possibly originate from the patina, which formed in
the prolonged exposure to water and was apparently
not completely removed on Spots 7-13.

669 Dobrsek 2003.
670 Dobrsek 2003.

12 (Table 12, Figs. 119, 120)

The object is well preserved and conservation was not
necessary. Spot 1 was prepared by removing a thin
layer of surface.

The object is made of an alloy of tin with ca. 2% cop-
per and less than 1% lead (Table I2: 1). The measure-
ment on the surface without visible patina, where the
surface layer was not removed (Table I2: 2), shows a

higher copper content.
Spot/
Mesto  Fe Cu Pb Au Sn
1* 0.3 1.96 0.07 0.010 97.7
2 0.4 4.13 0.33 0.009 95.1
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Table 12
Preglednica 12

Figure 119

Torque 12: the measured
spots.

Slika 119

Torkves 12, lega merjenih
mest.



Figure 120
Torque I12: measured Spots 1
and 2.

Slika 120
Torkves 12, mesti 1 in 2.

Na ve¢ mestih izmerjeni delez srebra nakazuje, da se
je priposrebritvilica ali med konservatorskim postop-
kom (prim. zgoraj, H1) malo posrebritve zaneslo na
hrbet predmeta (pregl. 11: S, 7, 11).

Meritve na hrbtni strani so na povrsini s sledovi
brazdanja (povrina 3, prim. pogl. 12.1, sI. 50: 3) poka-
zale prisotnost bakra (pregl. I1: S, 7, 11). Morda je to
povezano z obdelavo povr$ine hrbtne strani predmeta
I1 ali pa z obdelavo povrsine, na katero je bil predmet
prispajkan, z orodjem iz bakrove zlitine.*” Temu v prid
govori dejstvo, da smo najvisji odstotek bakra izmerili
na povrsini (pregl. I1: S), bistveno manjsega pa na mes-
tih z odstranjenim povrsinskim slojem (pregl. I1: 7, 11).

Na povrsini 2 (sL. 50: 2; prim. pogl. 12.1) smo izme-
rili visok odstotek kositra (92,1, 92,2 0z. 86,9 %), kar
kaze, da se je tu predmet dobro sprijel s podlago, ki

je bila iz kositra ali zlitine kositra z majhnim delezem
svinca (pregl. I1: 4, 6, 10).

669 Dobrsek 2003.

Meritev na povrsini 1 (pregl. I1: 3; sl. S0: 1) nakazuje,
da se je tam hrbet predmeta I1 slabo sprijel s podlago.

Za predmet 11 uporabljena zlitina kositra in svin-
ca v razmerju priblizno 2 : 1 ima v binarnem sis-
temu Sn-Pb najnizje talisce, tj. 183 °C, zato je imela
visoko fluidnost (te¢nost) in je bila zelo primerna
za zapolnjevanje majhnih povrsin (npr. pri reliefnem
okrasu) pri ulivanju. Tali§¢e podlage, ki je bila iz kositra
oz. iz zlitine, v kateri je prevladoval kositer, je bilo visje,
okoli 220-23S5 °C. Domnevamo, da je bil predmet
I1 na podlago pritrjen tako, 2) da so ga pritisnili na
podlago, ki so jo pred tem segreli do temperature, pri
kateri je postala plasti¢na, ali pa tako, b) da so segrevali
podlago in nanjo name$¢en predmet I1, pri ¢emer se je
posredno segrel tudi hrbet predmeta I1, ki se je zaradi
nizjega tali§¢a (delno) zlil s podlago. Na hrbtni strani
ugotovljene povrsine 1,2 in 3 (sI. 50) nakazujejo, da je
bil hrbet predmeta I1 le na majhnem delu (povrsina 2)
dobro sprijet s podlago.”

Razmeroma visoki deleZi zeleza in mangana so najver-
jetneje povezani s patino, ki je nastala med dolgotra-
jno lego v vodi in o¢itno z mest 7-13 ni bila povsem
odstranjena.

12 (pregl. 12, sl. 119, 120)

Predmet je tako dobro ohranjen, da konservacija ni bila
potrebna. Z mesta 1 smo odstranili tanek sloj povrsine.

Predmet je iz zlitine kositra z okoli 2 % bakra in manj
kot 1 % svinca (pregl. 12: 1). Meritev na povrsini brez

vidne patine, s katere pa nismo odstranili povr§inskega
sloja (pregl. I2: 2), kaze vi§ji odstotek bakra.

670 Dobrsek 2003.
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SG. SCHIELD BOSS

MM SG (Table MM SG, Figs. 121, 122a, b)

The shield boss (Table MM SG: 3, 4) and the heads
of its rivets (Table MM SG: 1, 2) are of brass with just
over 2% tin. The measurements on Spots S, 6 and 7

show the rivet shanks to be of iron.

2.0
1.7
1.3

1 38 02

0.2
0.2
0.2
0.3

77.0
86.8
77.2
74.2
74.2

15.4
9.82
16.8
21.0
213

0.56
0.15
0.11
0.08

0.06 2.7

28
32
22
21

0.19
0.38
043
0.60
0.69
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Table MM SG
Preglednica MM SG

Figure 121

Shield boss MM SG: the
measured spots.

Slika 121

S¢itna grba MM SG, lega
merjenih mest.



SG. SCITNA GRBA

MM SG (pregl. MM SG, sl. 121, 122a, b)

Stitna grba (pregl. MM SG: 3, 4) in glavici zakovic
(pregl. MM SG: 1, 2) so iz medenine, ki vsebuje malo
ve¢ kot 2 % kositra. Meritve na mestih 5, 6 in 7 so
pokazale, da so trni zakovic Zelezni.

Figure 122a
The front of the MM SG
shield boss: measured Spots
1 and 2 (both with patina) on
the rivet heads.

Slika 122a

S¢itna grba MM SG, zgornja
stran, lega mest 1in 2 na
glavicah zakovic.

Figure 122b
The back of the MM SG
shield boss: measured Spots

3 (on patina) and 4 (cleared of
patina) on the flange; Spots
5-7 on the corroded iron rivet
shanks were not measured.

Slika 122b

S¢itna grba MM SG, spodnja
stran, lega mest 3in 4 na
spodnji strani okrajka ter
mest 5-7 na korodiranih trnih
zakovic; na mestih 5-7 nismo
merili.
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