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AKTUELNA INTERDISCPLINARNA ISTRAZIVAN JA
TEHNOLOGIJE U ARHEOLOGIJI JUGOISTOCNE EVROPE

roucavanje tehnologije ¢ini oko-
Psnicu arheologije kao nauke koja
se bavi prosloS¢u na osnovu ma-
terijalnih tragova koje su ljudi ostavi-
li — od sitnih artefakata pa do prirodne
okoline koja je covekovim dejstvom iz-
menjena. Tehnologija je svuda oko nas;
tehnoloske promene i novi izumi uvek
privlace veliku paznju, i proslost se ce-
sto posmatra kroz prizmu tehnoloSkog
razvoja. Naglasiti da je nesto tehnolos-
ko u arheologiji, znaci staviti koncept
tehnologije u srediSte teorijskih prouca-
vanja, odnosno baviti se proucavanjem
ne samo forme predmeta, vec i ¢itavog
niza tehnoloskih faktora, od odabira si-
rovine, preko nacina upotrebe, pa sve do
razloga za prestanak kori$c¢enja.
Proucavanje tehnologije u velikoj
meri se oslanja na razli¢ite inter- i mul-
tidisciplinarne pristupe, ponajviSe na
arheometriju, ali i na geoarheologiju, i
narocito na eksperimentalnu arheologi-
ju, kao poddisciplinu ¢iji je osnovni cilj
da rekonstruiSe moguce nacine izrade i
korisc¢enja predmeta, kao i druge aspek-
te ponasanja u proslosti.

12

Re¢ urednika

Arheometrija se kao poddiscipli-
na arheologije posebno razvila u posled-
njnih nekoliko decenija, sa sve veéim
razvojem prirodnih nauka i sa Sirenjem
multi- i interdisciplinarnog pristupa u
nauci uopste, kada su se s jedne strane
prirodne nauke zainteresovale za pri-
menu u arheologiji, a arheologija za-
interesovala za dostignu¢a u drugim
naukama. Arheometrija se koristi meto-
dama i tehnikama prirodnih i tehnickih
nauka, narocito hemije, fizike, ali i na-
uka o materijalima i drugih, sa poseb-
nim fokusom na poreklo objekata koji
se ispituju i na problematiku materijala.
Samim tim, arheometrija je neodvojiva
od studija tehnologije.

Arheometrija se u velikoj meri
preklapa sa drugom vaznom poddisci-
plinom, geoarheologijom, multidiscipli-
narnim pristupom koji koristi tehnike
geografije, geologije, geofizike i drugih
nauka o zemlji. Arheometrija i geoar-
heologija, koje se medusobno prepli¢u
i u primeni metoda i u vrsti materija-
la koje izucavaju, poslednjih nekoliko
decenija postale su neizostavni, ¢ak u



Aktuelna interdiscplinarna istraZivanja tehnologije u arheologiji jugoistocne Evrope

velikoj meri obavezni deo arheoloskih
istrazivanja. Dovoljno je samo rec¢i da
se sistematska arheoloska iskopavanja
viSe ne zapocinju ukoliko se pre toga ne
obave geofizicka istrazivanja. Stavljanje
u arheoloski kontekst rezultata dobije-
nih primenom prirodnih i tehnoloskih
nauka, odnosno primena fizicko-hemij-
skih metoda, mineralosko-geohemijskih
ispitivanja, geoloskih podataka, znanja
iz oblasti bioloskih nauka, nauka o ma-
terijalima, tehnoloskih i drugih nau¢nih
oblasti, ucinilo je da se arheoloski podaci
posmatraju s drugog aspekta i znatno su
promenili i unapredili naSe razumeva-
nje proslih zajednica, a posebno pristup
i postupke istrazivanja koja se danas pri-
menjuju u eksperimentalnoj arheologiji.
Kao posebno znacajni mogu se izdvojiti
rezultati koje su arheometrija i geoarhe-
ologija pruZile o poreklu sirovina koje su
koris¢ene u proslosti, njihovim svojsti-
ma, ali i mnogo toga drugog.

Sve vece prisustvo arheometrij-
skih, geoarheoloskih i drugih pristupa
u arheologiji koji se oslanjaju na druge
nauke dovelo je i do povecane potrebe
za razmenom iskustava, kao i za raspra-
vama i unapredenjem teorijskih okvira i
metodologije. Arheometrijska, geoarhe-
oloska i druga interdisciplinarna istrazi-
vanja u arheologiji u Srbiji i susednim
oblastima jo$ uvek nisu u onoj meri za-
stupljene kao u nekim zemljama, poseb-
no zapadnog sveta, ponajvise usled nedo-
statka finansijskih sredstava. Medutim,
ne manjka ideja, te je sa ciljem daljeg
unapredenja inter- i multidiscplinarnog
pristupa u arheologiji i narocito unapre-
denja studija tehnologije, 2018. godine
organizovana zasebna sekcija u okvirima
Srpskog arheoloskog drustva, Sekcija za
arheometriju, arheotehnologiju, geoar-
heologiju i eksprimentalnu arheologiju.
Ovaj zbornik sadrzi kratka saopStenja
predstavljena na Prvom skupu Sekci-
je AAGEA, odrzanom u Beogradu 28.
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februara 2020, cija su tema aktuelna
interdiscplinarna istrazivanja tehnolo-
gije u arheologiji jugoistocne Evrope.
Radovi obuhvataju nekoliko uzih tema:
prikaz geofizckih istrazivanja (radovi
autora V. Cvetkov, M. Petkovic¢a i koau-
tora, D. Duri¢ i koautora i J. Pendica),
primenu geoarheolos$kih proucavanja
sa aspekta nekoliko geoloskih discipli-
na (radovi K. Penezi¢, K. Bogicevi¢ i
koautora, V. Cvetkovic¢a i koautora i K.
Sari¢ i koautora), arheometrijska ispiti-
vanja koja ilustruju mogucnosti prime-
ne instrumentalnih analitickih postu-
paka u proucavanju artefakata (radovi
A. Zdravkovi¢ i koautora, Lj. Jevtovica i
koautora, M. Milosevi¢ i koautora, A. Si-
ronic¢ i koautora, i M. Koci¢a i koautora),
arheotehnoloska proucavanja (radovi S.
Vitezovic¢ i koautora, D. Rajkovi¢ i ko-
autora, O. Bajcev i I. Bjeli¢a), i radove
iz eksperimentalne arheologiju (radovi
T. Karavidovi¢, A. Puric¢i¢ i M. Tapavic-
ki-Ili¢). Mada naizgled raznorodne, ove
se teme preklapaju i nadovezuju jedna
na drugu, i pokazuju da su inter- i mul-
tidiscplinarna istrazivanja u Srbiji ipak
nisu marginalna, kao i da postoji veliki
potencijal za dalja istrazivanja.
Organizatori skupa Zeleli bi jo$
jednom da se zahvale svim ucesnicima,
i narocito institucijama koje su podrzale
skup, Biblioteci grada Beograda, Rudar-
sko-geoloskom fakultetu Univerziteta u
Beogradu i Arheoloskom institutu.

Dragana Antonovic¢
Selena Vitezovi¢
Kristina Sari¢



AMS RADIOCARBON DATING OF ARCHAEOLOGICAL SAMPLES
AT THE ZAGREB RADIOCARBON LABORATORY

Andreja Sironic
Ruder Boskovi¢ Institute, Zagreb,
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Naturally occurring radioactive
isotope of carbon, radiocarbon "C, is
present in living biota, materials of bio-
genic origin or in materials that incor-
porate carbon from atmosphere. It is
formed in the upper layer of the atmo-
sphere, forms CO, and enters biosphere
through photosynthesis and food chain.
It also further enters the non-living
Earth’s compartments that are directly
or indirectly related to biota. The activi-
ty of "C in the atmosphere, as well as in
living biota, is approximately constant.
When the atmospheric carbon is no lon-
ger introduced to a material, the con-
centration of "C starts to decrease due
to radioactive decay. Time elapsed since
the last introduction of atmospheric CO,
can be calculated from the amount of
remaining "C. This is the base for radio-
carbon dating method that is essential
in establishing chronology for archaeo-
logical samples. The "C half-life of 5730
years enables its use as radiometric

94

clock for samples originating from up to
50 000 years in past.

Abundance of C in atmosphere
and biosphere is only about 10" % so
special sample-destructive methods
had to be developed, as well as sensitive
measurement techniques. There are two
basic measurement techniques: radio-
metric techniques and mass spectrom-
etry. In radiometric techniques "C de-
cays in sample are counted, while mass
spectrometry requires high energy ac-
celerators measuring abundance of car-
bon isotope atoms. In both techniques,
the carbon from the sample is trans-
formed into compounds that are used as
measuring matrices: a suitable gas (for
gas proportional counting — GPC), lig-
uid (liquid scintillation counting — LSC)
and solid (accelerator mass spectrome-
try — AMS). Chemical procedures for se-
lecting carbon atoms from samples and
synthesizing particular chemical matri-
ces have been developed, e.g., for LSC —
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benzene, C.H, and for AMS — graphite.
The Zagreb Radiocarbon Labora-
tory at the Ruder Boskovi¢ Institute in
Zagreb, Croatia, was founded in 1968
(Srdoc€ etal. 1971). The Laboratory start-
ed with establishing the in-house infra-
structure for radiometric C dating by
GPC. For many years the GPC technique
and methane as a counting gas were
used (Horvatinci¢ et al. 2004) and since
2003 LSC with either benzene synthe-
sis or absorption of CO, has been used
(Horvatincic¢ et al. 2004, Krajcar Bronic¢
et al. 2009, 2010a). Laboratory also de-
veloped graphite synthesis for AMS
(Krajcar Broni¢ et al. 2010b, Sironic¢ et
al. 2013), which made it a “feeding lab-
oratory” for facilities with accelerator
machines. AMS graphite synthesis in
the Laboratory expanded application of
radiocarbon dating in archaeology, his-

tory of art, geology, paleoclimatology,
and radiocarbon measurement of nat-
urally occurring "C in environmental
studies, forensics, etc. Also, radiocarbon
dating was used as a support to other
dating techniques like sclerochronology
(Peharda et al. 2019).

While radiometric techniques re-
quire few grams of carbon, AMS works
with milligram size samples, which
largely expands application of radiocar-
bon analyses in archaeological and cul-
tural heritage studies. The LSC method
requires 2 — 4 g of carbon for analysis,
while optimal amount of carbon for
AMS is about 3 mg. List of sample mass
required for a radiocarbon analysis of
various sample types by LSC and AMS
methods is presented in Table 1.

Table 1 Required amount of sample for radiocarbon dating by LSC and AMS at the Zagreb

Radiocarbon Laboratory

Sample Type Sample mass LSC Sample mass LSC
Charcoal 8-30¢g 10 — 100 mg
Wood 30-100¢ 10 — 100 mg
Bone, antler, horn 80-400¢g 1-5mg
Teeth - 2 — 3 teeth
Grains 50-100¢g 30 - 100 mg
Textile, paper, permanent - 50 - 100 mg
Cremated bones - 10 -5mg
Mortar” - 10-100¢*

*more than one sample usually required, a few fractions usually dated, still under

development

Therefore, AMS is a perfect solu-
tion for radiocarbon dating of small
size archaeological samples (like grains,
hair, paper, parchment or any other usu-
al carbon-bearing material that is not
abundant at the site) and valuable cul-
tural heritage samples that need to be
preserved. Also, AMS enables dating of
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particular fractions of samples. For ex-
ample, apatite carbonate from cremated
bones could be dated by AMS only due
to a small portion of datable carbon.
Mortar is another sample type that con-
tains only a fraction of radiocarbon-dat-
able material, i.e., only a small fraction
of carbon that was adsorbed from the
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atmosphere at the time of mortar for-
mation.

Since 2008, when AMS was in-
troduced in the Zagreb Radiocarbon
Laboratory, dated archaeological sam-
ples consisted of charcoal (40 %), wood
(31 %), bone collagen (31 %) and other
types (8 %) of samples. The LSC meth-
od was used for 80 % of charcoal and 65
% of wood samples, while AMS meth-
od was used for 70 % of bone collagen
samples and almost all other sample
types (paper, cremated bones (bone ap-
atite), parchment, teeth, antler, grains,
linen, hair). Also, mortar samples, for
which the method for datable carbon
extraction is still in development phase,
were dated by AMS (Sironic¢ et al. 2019).

Mortar dating has been a subject
of research since the dawn of the radio-
carbon method, but up-to-date there is
no consensus on the method that would
extract only the carbon from CaCO,
fraction formed at the time of mortar
production. If the representative carbon
fraction is not selected properly, dating
could yield untrue dates due to contam-
ination with geogenic (limestone, not
containing any **C) CaCO, that was used
as filler or it remained unburned during
the mortar production. This problem
makes mortar dating to this day an in-
teresting field of research for unique
analytical procedures for radiocarbon
dating (Hale et al. 2003). Mortar dating
seems to have been revived in recent
years in part owing to the increase in
number of AMS radiocarbon laborato-
ries worldwide. This yielded a necessity
for radiocarbon laboratory inter-com-
parison and the first Mortar Dating
Inter-Comparison Study (MODIS) was
conducted in 2015 (Hajdas et al. 2017;
Hayen et al. 2017). Seven radiocarbon
and one OSL laboratory took part in the
inter-comparison in which four mortar
samples were distributed. The true dates
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of the mortars were obtained from *C
dates of charcoal and bones associated
with production of mortars. Currently
there is a second mortar inter-compar-
ison MODIS2 in progress in which the
Zagreb Radiocarbon Laboratory is also
included after being recognized for the
mortar dating of the Skopje Aqueduct
in the Republic of North Macedonia
(Sironic et al. 2019).
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