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U radu se donose rezultati arheometrijske analize lonéarije s ne-

koliko bron¢anodobnih nalazi$ta na podrucju srednje Dalmacije.

Provedena je mineralosko-petrografska analiza 38 tankih izbru-

saka keramike metodom opti¢ke mikroskopije, dok je na manjem
broju uzoraka mineralni sastav odreden metodom rendgenske
difrakcije na prahu. Analizom rezultata dobivene su informacije

o karakteristikama glinovite sirovine, podaci o vrsti i udjelu ne-

plasti¢nih primjesa, namjerno dodavanih glini, ali i informacije o

tehnikama izrade i temperaturama pecenja keramike. IstraZiva-

nje je pokazalo da su bron¢anodobni lonéari vjerojatno koristili
lokalnu, lako dostupnu glinu i da su joj dodavali neplasti¢ne pri-
mjese: kalcit, sedimentne stijene i grog. Razmatranjem tehnolos-
kih izbora uocene su promjene u lonéarskim praksama izmedu
prve i posljednje faze bron¢anog doba. Takoder, razvidna je du-
gotrajna tradicija upotrebe kalcita koji u posljednjoj fazi bronca-
nog doba postaje dominantna primjesa. S druge strane, od rano-
ga bron¢anog doba loncari smjesi dodaju i grog, samostalno ili u
kombinaciji s kalcitom te rjede usitnjenim sedimentnim stijena-
ma, a takva se praksa postupno napusta od kasnoga bron¢anog
doba. Stoga, rezultati ukazuju na vezu izmedu odabira primjesa i
kronolo$kih obrazaca, odnosno takva praksa mogla je biti pove-
zana s periodi¢nim utjecajima razlicitih drustvenih faktora.

Kljucne rijeci:
srednja Dalmacija, bron¢ano doba, loncarija, rendgenska difrakcija na prahu,
opti¢ka mikroskopija, loncarske sirovine, loncarske primjese

The paper presents the results of archaeometric analysis of pot-
tery from several Bronze Age sites in the area of central Dalmatia.
Amineralogico-petrographic analysis of 38 thin sections of pottery
was carried out using the method of optical microscopy, while the
mineral composition of a smaller number of samples was deter-
mined using the X-ray powder diffraction method. The research
provided data on the characteristics of the clay raw material, the
type and proportion of non-plastic tempers intentionally added to
the clay, and information on the production techniques and firing
temperatures. The research showed that Bronze Age potters very
likely used local, easily available clay and non-plastic tempering
material: calcite, sedimentary rocks and grog. Through consid-
eration of technological choices, changes in pottery practices be-
tween the first and last phases of the Bronze Age were observed.
The long-term tradition of using calcite, which becomes a domi-
nant tempering material in the last phase of the Bronze Age, is evi-
dent. On the other hand, from the Early Bronze Age, potters used
grog, either alone or in combination with calcite and, more rarely,
crushed sedimentary rocks, and this practice seems to have been
slowly abandoned after the Late Bronze Age. The results there-
fore indicate a correlation between selection of tempering mate-
rial and chronological patterns, that is, such a practice could have
been related to the periodic influences of various social factors.

Keywords:
Central Dalmatia, Bronze Age, pottery, optical microscopy, X-ray powder dif-
fraction, pottery raw materials, tempering material
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Uvod

Loncarstvo bron¢anog doba na podru¢ju Dalmacije jos je prili¢-
no neistrazeno. Keramika srednjeg i osobito kasnoga bron¢anog
doba s kontinuitetom u ranu fazu Zeljeznog doba, iako fizi¢ki
prisutna na velikom broju nalazista,* i dalje predstavlja skup na-
laza uglavnom nepotpunog konteksta, s ¢esto selektivnim i nesi-
stematiziranim nac¢inom obrade, Sto je rezultiralo nedostatkom
jasnog tipolosko-kronoloskog okvira za srednjodalmatinski pra-
povijesni keramicki materijal. Pristup obradi loncarije uglavnom
se temelji na kulturno-povijesnom pristupu, dok pokusaji kvali-
tativne analize te razmatranja o interakciji, trgovini i razmjeni,
koja ukljucuju loncariju kao aktivne medijatore kulturnih i drus-
tvenih zbivanja na podru¢ju Jadrana, predstavljaju rijetkost2.
Iz navedenih razloga, ali i zbog tradicionalnog pristupa obradi
keramike, stje¢e se dojam da u kontekstu istrazivanja loncarije
bron¢anog doba na podrucju isto¢ne jadranske obale nema pri-
mjetnih pomaka. Primjenom drugacijeg istrazivackoga pristupa,
ovom studijom nastoji se utjecati na stanje istraZzenosti, stav-
ljajuci fokus na pitanja vezana uz tehnologiju proizvodnje, upo-
trebu i distribuciju lon¢arije. Time se pruza potencijal za nove
interpretacije, $to u konac¢nici omogucava i bolje razumijevanje
svakodnevnog Zivota zajednica bron¢anoga doba Dalmacije. Sto-
ga, prva je faza ovih istraZivanja usmjerena na loncarske sirovi-
ne, odnosno glinoviti materijal i lon¢arske primjese primjenom
interdisciplinarne metodologije. Cilj je prouciti mineralosko-pe-
trografske znacajke glinovitog matriksa, mineralnih inkluzija i
primjesa, koje je lonc¢ar dodavao glini, radi klasifikacije grupa i
podgrupa strukture keramike (engl. fabric groups). Klasifikacija
struktura uzoraka u grupe i podgrupe oznacava kompozicijske
razlike medu uzorcima“ i temelji se na razlikama u vrsti koriste-
nih glina, dok se izdvajanje podgrupa zasniva na dodanoj kompo-
nenti, odnosno neplasti¢nim primjesama. Naime, na sastav lon-
¢arske smjese, osim prirodnih ¢imbenika, utjece i nacin na koji
je loncar pripremio sirovinu te nacin na koji je posudu gradio i
pekao. Stoga, obrasci uoceni u strukturi uzoraka predstavljaju
svojevrsni loncarski otisak u materijalu iz kojeg se is¢itavaju ka-
rakteristi¢ni tehnoloski izbori. Time se prikupljaju podaci o vrsti
sirovinskog materijala koriStenog za izradu keramickih predme-
ta te podaci o tehnikama izrade posuda i procijenjenoj tempe-
raturi pecenja, a cilj je takve analize rekonstruirati cjelokupni
postupak proizvodnje. Cilj je istraZivanja i ustanoviti postoje li
razlike u loncarskoj praksi kroz relativho dugo razdoblje izmedu
ranog i kraja kasnoga bron¢anog doba na podru¢ju srednje Dal-
macije.

U prvoj fazi istrazivanja prikupljeni su uzorci loncarije sa Sest
poznatih nalazi$ta na trogirskom podru¢ju i jedan ulomak s ne-
poznate lokacije (SI. 1). Strategija uzorkovanja temelji se na tri
osnovna kriterija (Tab. 1), od kojih prvi obuhvaca fizicke karak-
teristike keramike definirane na temelju tehnoloskih parame-
tara koji omogucuju klasifikaciju strukture keramike za svako

Introduction

Bronze Age pottery in Dalmatia is still relatively unexplored. Pot-
tery of the Middle and, especially, Late Bronze Age with conti-
nuity into the early phase of the Iron Age, although physically
present in many sites,* still represents a set of findings with a
mostly incomplete context, often with a selective and unsys-
tematized processing method, which has resulted in the lack of a
clear typologico-chronological framework for Central Dalmatian
prehistoric ceramic material. The processing of the pottery is
based mainly on a culturo-historical approach, while attempts at
qualitative analysis and consideration of interaction, trade and
exchange that include pottery as an active mediator of cultural
and social events in the Adriatic region are rare. For the above
reasons, but also because of the traditional approach, one gets
the impression that there are no noticeable changes in the con-
text of research into Bronze Age pottery on the eastern Adriatic
coast. By applying a different research approach, this study tries
to influence the state of research by focusing on issues relating
to ceramic production, use and distribution.3 This provides the
potential for new interpretations, ultimately enabling a better
understanding of the daily life of the Bronze Age communities
of Dalmatia. Therefore, the first phase of this research is focused
on pottery raw materials, i.e. clay and tempering material, us-
ing an interdisciplinary methodology and the archaeometry of
ceramics. The goal is to study the mineralogico-petrographic
features of the clay matrix, mineral inclusions and tempers
that the potter added to the clay, to classify fabric groups and
subgroups. The classification of fabric groups and subgroups
indicates compositional differences between samples,*and it is
based on differences in the type of clay used. In contrast, sub-
groups are separated on the basis of the added tempering ma-
terial. The composition of the clay paste is influenced not only
by natural factors, but also by the way the potter prepared the
raw materials, as well as the way the vessel was built and fired.
Therefore, the patterns observed in the ceramic fabrics repre-
sent a potter’s imprint in the material from which characteristic
technological choices can be read. This collects data on the type
of raw material used for the production of ceramic objects, as
well as data on the building techniques and the estimated firing
temperature. The goal of such an analysis is to reconstruct the
entire production process. The goal of the research is to estab-
lish whether there are differences in pottery practice over the
relatively long period between the Early Bronze Age and the end
of the Late Bronze Age in Central Dalmatia.

In the first stage of this study, pottery samples were collected
from six sites in the Trogir area, and one fragment came from an
unknown location (Fig. 1). They were chosen on the basis of two
basic criteria (Table 1), the first of which includes the physical
characteristics of pottery defined on the basis of technological
parameters that enable the classification of the fabric for each

Barbaric 2011, 281; Paraman, Ugarkovi¢, Steskal 2020.
Arena 2020; Arena et al. 2020.
Tite 1999; Sillar, Tite 2000, 6; Albero Santacreu 2014.
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SLIKA 1. PoloZaj arheoloskih nalazista na trogirskom podrugju (izradila L. Para-
man; podloga: Google Maps).

FIGURE 1. Location of archaeological sites in the Trogir area (made by L. Para-
man; background: Google Maps).

pojedino nalaziSte. Postupak klasifikacije proveden je uvidom
u svjezi lom keramike. Drugi je kriterij usmjeren na morfoloske
karakteristike, tipi¢ne za bron¢anodobnu i u jednom sluc¢aju Ze-
ljeznodobnu posudu, primjerice oblikovanje ruba oboda te rjede
djelomi¢no cjelovite posude. Tredi je kriterij vremenski kontekst
uzoraka, odreden na temelju postojecih objavas te izvjesc¢a® o
istrazivanjima pojedinih nalazista koja se uglavhom oslanjaju
na tradicionalni, tipolosko-kronolo3ki pristup te rjede radiokar-
bonsko datiranje nalazista.

site. The classification procedure was carried out with the naked
eye and on a freshly broken ceramic. The second criterion fo-
cuses on the morphological characteristics typical of Bronze Age
and, in one case, Iron Age vessels: for example, the shaping of the
edge of the rim and, more rarely, partially complete vessels. The
temporal context of the samples was determined on the basis of
previous publicationss and reports® on the excavations of indi-
vidual sites, in which analyses and dating of pottery are based
mainly on the traditional, typologico-chronological approach,
and less often on radiocarbon dating of the sites.

5 Babi¢, Kirigin, Paraman 2020; Paraman, Ugarkovi¢, Steskal 2020; Paraman,
Ugarkovi¢ 2021.

6 Madiraca 2012; 2013; Paraman, Suta 2016; Jeron¢i¢ 2017a; 2017b.

5 Babi¢, Kirigin, Paraman 2020; Paraman, Ugarkovi¢, Steskal 2020; Paraman,
Ugarkovic 2021.

6 Madiraca 2012; 2013; Paraman, Suta 2016; Jeron¢i¢ 2017a; 2017b.
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TABLICA 1. Popis uzoraka loncarije s opi-
som konteksta pronalaska i osnovnim
fizickim karakteristikama (SM: zagladena,
UN: netretirana, BU: gla¢ana, BR: sme-
da, G: siva, DGR: tamnosiva, LGR: svijetlo
siva, OR: narancasta; R: crvena, B: beZ,
W: bjelkasta); EBA: rano broncano dobag;
MBA: srednje bron¢ano doba; MBA/LBA:
ulomci s morfoloskim karakteristikama
srednjeg i kasnog bron¢anog doba; LBA:
kasno bron¢ano doba; EIA: rano Zeljezno
doba; LBA/EIA: ulomci s morfoloskim ka-
rakteristikama kasnog bron¢anog i ranog
Zeljeznog doba (izradile A. Kudeli¢ i L. Pa-
raman).

TABLE 1. A list of pottery samples with a
description of the context and the basic
physical characteristics of the ceramics
(SM: smoothed, UN: untreated, BU: bur-
nished; BR: brown, G: grey, DGR: dark grey,
LGR: light grey, OR: orange; R: red, B: bei-
ge, W: white); EBA: Early Bronze Age; MBA:
Middle Bronze Age; MBA/LBA fragments
with morphological characteristics of
the Middle and Late Bronze Age LBA: Late
Bronze Age; EIA: Early Iron Age; LBA/EIA:
fragments with morphological characte-
ristics of Late Bronze and Early Iron Age
(made by A. Kudeli¢ and L. Paraman).
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ArheolosSka nalazista i uzorci keramike
Trogir

Zastitnim arheoloskim iskopavanjima u povijesnoj jezgri Trogi-
ra’, uz materijalne ostatke iz razli¢itih epoha novije i starije pros-
losti, otkriveni su i prapovijesni naseobinski slojevi. Prve analize
prapovijesnoga kerami¢kog materijala ukazale su na povezanost
nekih ulomaka s razdobljem eneolitika, dok je vec¢ina datirana u
rasponu od ranoga bron¢anog do mladega Zeljeznog doba.? Naj-
veca pak grupa prapovijesne loncarije potjece iz iskopavanja u
juznoj, gospodarskoj zgradi palace Garagnin - Fanfogna (danas-
njem lapidariju Muzeja grada Trogira, dalje u tekstu MGT), ¢ija je
preliminarna analiza nedavno objavljena®. Sondiranjem kultur-
nih slojeva na dubini od 1,40 m (razina helenisti¢koga kulturnog
sloja) do 3,94 m prikupljeno je 1800 keramickih ulomaka, od ¢ega
je 215 dijagnostickih (rubovi, dna, rucke i drske, ukraseni ulom-
ci). lako stratigrafski podaci o slojevima i pripadaju¢im nalazima
nisu sac¢uvani, znacajno je da su oni datirani 14C metodom, anali-
zom drvenog ugljena iz dvaju razli¢itih stratuma - prvi je uzorak
prikupljen nadubini od 3,10 m (2836 + 90 godina prije sadasnjosti),
a drugi na dubini od 3,70 m (3580 * 95 godina prije sadasnjosti).
U dubljem sloju rezultati ukazuju na pocetak srednjega bronca-
nog doba, odnosno razdoblje izmedu 17. i kraja 16. stoljec¢a pr. n.
e, dok rezultat analize ugljena iz pliceg sloja pokazuje pocetak
starijega Zeljeznog doba, odnosno razdoblje izmedu sredine 10. i
sredine 8. st. pr. n. e Na Zalost, ove datume nije moguce poveza-
ti s konkretnim keramickim nalazima budu¢i da su detaljniji kon-
tekstualni podaci za prikupljene ulomke izgubljeni. Preliminarna
je analiza pripisala ve¢inu ulomaka loncariji kasnoga bron¢anog
i Zeljeznog doba, dok je odredeni broj ulomaka pripisan loncar-
skom stilu ranijih faza bron¢anog doba.

Pregledom dijagnosti¢kih ulomaka za analize izdvojeno je se-
dam uzoraka keramike (T. 1) koji predstavljaju karakteristi¢ne
skupine keramickih struktura, odredene na temelju uvida u svje-
Zi lom keramike. Pritom su odabrani i oni ulomci koji pokazuju
morfoloSke karakteristike bron¢anodobne keramike, a izdvojen
jeijedan ulomak Zeljeznodobnog lonca (uzorak 57).

Archaeological sites and pottery samples
Trogir

Preventive archaeological excavations in the historical core of
Trogir/ in addition to material remains from various eras of the
recent and more distant past, have also revealed prehistoric set-
tlement layers. The first analysis of the prehistoric pottery indi-
cated the connection of some sherds with the Copper Age, with
most of the sherds dated in the range between the Early Bronze
Age and the Late Iron Age.® The largest group of prehistoric pot-
tery comes from excavations in the south outbuilding of the
Garagnin-Fanfogna Mansion (today’s Lapidarium of the Trogir
Town Museum, hereinafter TTM) in 1978 and 1980, the prelimi-
nary analysis of which was recently published.* Through probing
of the cultural layers at a depth of 1.40 m (the level of the Hel-
lenistic cultural layer) to 3.94 m, a set of 1,800 ceramic fragments
was collected, of which 215 are diagnostic (rim, base, handles,
grips and decorated sherds). Although the stratigraphic data on
the layers and associated finds have not been preserved, it is sig-
nificant that charcoal from the features was dated by 14C from
two different strata: the first sample was collected at a depth of
3.10 m (2836 + 90 BP), and the second at a depth of 3.70 m (3580: 95
BP). In the deeper layer, the results indicate the beginning of the
Middle Bronze Age, i.e. the period between the 17" century BC
and the end of the 16, while the result of carbon dating from the
shallower layer shows the beginning of the Early Iron Age, i.e. the
period between the middle of the 10" century BCand the middle
of the 8" century. ** Unfortunately, it is not possible to link these
dates to concrete ceramic finds, since more-detailed contextual
information for the sherds collected has been lost. Preliminary
analysis of the pottery attributed most of the sherds to pottery
of mostly to the Late Bronze and Iron Ages, while a number of
sherds were attributed to the pottery tradition of the earlier
phases of the Bronze Age.**

Seven ceramic samples (Pl.1) were singled out for analysis by
examining the diagnostic sherds, representing characteristic
groups of fabrics determined on fresh cross-sections of pottery.
At the same time, those fragments that show morphological
characteristics typical of Bronze Age pottery were selected, and
one fragment of an Iron Age pot (sample 57) was also selected.

7 Pregled istrazivanja i osnovna bibliografija kod Babi¢, Kirigin, Paraman
2020,31-32.

8 Petri¢ 1992. Autor donosi analizu nekolicine kerami¢kih ulomaka koji po-
tjecu sa 9 lokacija istrazenih pod vodstvom Regionalnog zavoda za zastitu spo-
menika kulture u Splitu od 1982. do 1990. godine (Karta 1). Prapovijesne slojeve
bilo je moguce izdvojiti samo u jednoj od sjevernih prostorija palace Garagnin

- Fanfogna (MGT), gdje su iskopavanja zahvatila ve¢u dubinu kulturnih sloje-
va, dok su ulomci prikupljeni na ostalim lokacijama ili rezidualnog karaktera
ili istovremeni s (pred)helenistickim materijalom. U spomenutoj su prostoriji
istrazenoj 1989. godine (karta 1: 8), uz slojeve svih faza Zeljeznog doba, istraZeni
i slojevi kasnoga bron¢anog doba.

9 Babi¢, Kirigin, Paraman 2020, 34-40, 68
10 Babi¢, Kirigin, Paraman 2020, 12-13, 32
11 Babi¢, Kirigin, Paraman 2020, 34-40.

12 Paraman, Ugarkovi¢, Steskal 2020, 246, 250-252; Bazoka 2020 sa starijom li-
teraturom.

7 Research review and general bibliography by Babi¢, Kirigin, Paraman 2020,
31-32.

8 Petri¢ 1992. The author provides an analysis of several ceramic sherds ori-
ginating from g locations investigated under the leadership of the Regional In-
stitute for the Protection of Cultural Monumentsin Split from 1982 to 1990 (Map
1). Prehistoric layers could only be distinguished in one of the northern rooms
of the Garagnin-Fanfogna Mansion (TTM), where the excavations covered a gre-
ater depth of cultural layers, while the fragments collected at the other locati-
ons were either residual or contemporaneous with (pre-)Hellenistic material. In
the aforementioned room explored in 1989 (Map 1: 8),in addition to layers of all
phases of the Iron Age, layers of the Late Bronze Age were also explored.

9 Babi¢, Kirigin, Paraman 2020, 34-40, 68.
10 Babi¢, Kirigin, Paraman 2020, 12-13, 32.
11 Babi¢, Kirigin, Paraman 2020, 34-40.

12 Paraman, Ugarkovi¢, Steskal 2020, 246, 250-252; Bazoka 2020 with biblio-
graphy cited therein.
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Bristivica - Supljak, gomila

Prostor danasnjeg sela Bristivica (Opc¢ina Seget) u trogirskom
zaledu obiljezava iznimno sac¢uvani prapovijesni krajolik, ¢ija su
okosnica komunikacijski pravci koji iz trogirskog priobalja vode
u unutradnjost - transverzalni pravac prema Sibeniku te longi-
tudinalni prema uvali Grebastica. Dosadasnjim je istrazivanjem
ovoga prostora evidentirano 7 gradinskih utvrdenja i manjih
ograda te 44 prapovijesne gomile, ¢iji su ostaci vidljivi na uzvi-
Senjimaivrhovima brda koja okruzuju bristivi¢ko polje.*> Gomila
smjestena na brdu Supljak (503,1 mnv), dominantnoj to¢ki na ju-
gozapadnom rubu bristivitkog podrugja, istrazena je 2012. godi-
nes i jedina je istrazena prapovijesna gomila trogirskog podruc-
ja. Svojim poloZajem i relativno velikim dimenzijama (promjer
oko 19 m) pripada skupini pojedina¢nih gomila smjestenih na
istaknutim prostornim dominantama prapovijesnog krajolika.*
Prapovijesnoj fazi gomile pripadaju ostaci spaliSta dokumen-
tirani u najnizem sloju u sredisnjem dijelu gomile te dva ukopa
u mati¢noj stijeni s ve¢com koli¢inom prapovijesnog materijala,
dok su ostali eventualni ostaci po svoj prilici unisteni intenziv-
nim koriStenjem gomile u novijoj povijesti.*s Ipak, istrazivanjem
je, uz ostale nalaze, prikupljena znatna koli¢ina prapovijesne
keramike, ukupno oko 400 ulomaka, od Cega najveci dio ¢ine
ulomci tijela posuda, za koje je ustanovljeno da velik dio pripa-
da fragmentima istih posuda. Manji broj pripada dijagnostickim
ulomcima (24), medu kojima su, osim grube, zastupljeni i ulomci
fine keramike, odnosno ulomci posude tip Kotorac, koji pronade-
ni materijal datiraju u okvir 2. faze cetinske kulture.* Budu¢i da
je rijec o rijetkom nalazu, ulomci ukrasenih posuda nisu izdvoje-
ni za analize. Stoga, izdvojena su dva tipi¢na ulomka tzv. grube
keramike debljih stijenki (0,7 cm), porozne i Supljikave povrsine,
zatim jedan ulomak (uzorak 66), na ¢ijoj su povrsini i u presjeku
vidljiva krupna zrna kalcita, te jedan ulomak srednje fine struktu-
re, bez vidljivih krupnijih primjesa. Boja povrsine grube keramike
je smede-crvena, a srednje fine smede-siva, dok je boja jezgre
svih uzoraka tamnosiva (Sl. 2).

Vinisce - Oriovisc¢ak

Gradinsko utvrdenje Oriovisc¢ak (Orijes¢ak) kod Vinis¢a otprije
je poznato prapovijesno nalaziste,” smjesteno na istaknutome
platou (212 mnv) na antiklinali koja se pruza u smjeru istok - za-
pad, odvajajuci prostor marinske i viniske uvale. Utvrdenje je
pravokutnoga oblika, s dobro o¢uvanim ostacima suhozidnog

Bristivica - Supljak, tumulus

The area of today’s village of Bristivica (municipality of Seget),
in the hinterland of Trogir, characterizes an exceptionally-pre-
served prehistoric landscape, the backbone of which is the com-
munication routes that lead from the Trogir coast inland: the
transverse direction to Sibenik and the longitudinal direction to
Grebastica Bay. Research of this area has so far recorded 7 hill-
forts and enclosures and 44 prehistoric mounds, the remains of
which are visible on the high grounds and hilltops on the edges
of the Bristivica polje.> The tumulus located on the Supljak hill
(503.1 m above sea level),adominant point on the south-western
edge of the Bristivica area, was excavated in 2012,** and it is the
only prehistoric tumulus excavated in the Trogir area. Due to its
position and relatively large dimensions (diameter about 19 m),
it belongs to a type of single tumulus located on a prominent
elevation of the prehistoric landscape.* The remains of the cre-
mation site documented in the lowest layer in the central part
of the mound, and two pits in the bedrock with a large amount
of prehistoric material, belong to the prehistoric phase of the
mound. Other potential remains were most likely destroyed by
theintensive use of the mound in more recent history.*> However,
along with other findings, the excavation yielded a considerable
amount of prehistoric pottery, a total of about 400 fragments,
most of which are fragments of the vessels’ bodies, with most of
them belonging to the same vessels. There is a smaller number
of diagnostic sherds (24), among which there are sherds not only
of coarse ceramics, but also of fine: namely, sherds of a Kotorac-
type vessel, which dates the material found to the 2" phase of
the Cetina culture.**Sinceitisarare find, fragments of decorated
vessels were not chosen for analysis. Therefore, the following
samples were selected: two typical fragments of the so-called
coarse fabric with thicker walls (0.7 cm), porous and hollow sur-
faces; one fragment (sample 66) with coarse calcite visible in the
cross-section; and one fragment of a medium-fine fabric without
visible coarse temper. The surface colour of the coarse ceramics
is brown-red, and of medium-fine brown-grey, while the colour of
the core of all samples is dark grey (Fig. 2).

Vinisce - Orioviscak

The Orioviscak (Orijes¢ak) hillfort near Vinisce is a well-known
prehistoric site,*” located on a prominent plateau (212 m above
sea level) on an anticline oriented in the east-west direction,
separating the area of Marina and Vinis¢e Bays. The fortification
is rectangular in shape, with well-preserved remains of the dry-

13 Madiraca 2012; 2013.

14  Vaznost lokacije naglasena je i u novijoj povijesti - istrazivanjem je usta-
novljeno intenzivno koristenje gomile u kasnom srednjem vijeku, gdje su regi-
strirana naknadna pokapanja u gomilu uz vecu koli¢inu pokretnog materijala iz
togarazdoblja, kao i ostaciistovremene suhozidne kapelice sagradene na vrhu
gomile - dok je nekoliko godina prije samih istrazivanja uz rub gomile sagrade-
nainova kapelica (Madiraca 2012, 31-34).

15 Madiraca 2012, 35-36; 2013, 828.
16 Marovi¢, Covi¢ 1983, 199, 212-213.
17 Kati¢ 1994, 6; Buri¢ 2000, 56; 2008, 79-80; Mileti¢ 2006.

13 Madiraca 2012; 2013.

14  Theimportance of the location is also emphasized in recent history - the
excavation established the intensive use of the mound in the late Middle Ages,
where subsequent burials into the mound were registered along with a large
amount of movable material from that period, as well as the remains of a con-
temporary dry-wall chapel built on top of the mound - while, a few years befo-
re the excavation, a new chapel was also built on the edge of the mound (Madi-
raca2012,31-34).

15  Madiraca 2012, 35-36;2013, 828.
16 Marovi¢, Covi¢ 1983,199, 212-213.
17 Kati¢ 1994, 6; Buri¢ 2000, 56; 2008, 79-80; Mileti¢ 2006.
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SLIKA 2. Ulomci keramike s nalazista Bristivica-Supljak izdvojeni za analize: bro-
jevi uzoraka od 64 do 67 (s lijeva na desno) (snimila A. Kudeli¢).

FIGURE 2. Ceramic fragments from the Bristivica-Supljak site selected for
analysis: sample numbers 64 to 67 (from left to right) (photo by A. Kudelic).

bedema sa zapadne, sjeverne i istoCne strane, dok je juzni rub
definiran strmom liticom i niZom terasom s visokim podzidom,
¢ime utvrdena povrsinaiznosi oko 1,64 ha. Terenskim pregledom
gradinskog utvrdenja, osim kartiranja, zabiljeZzena je i u¢estalost
te distribucija keramickih nalaza.*® ZabiljeZzena je iskljucivo pra-
povijesna keramika, sveukupno 659 ulomaka, od ¢ega je priku-
pljeno njih 178, koji pripadaju dijagnosti¢kim dijelovima posuda.
Preliminarno, korpus prikupljenoga materijala na osnovi morfo-
loskih osobina i usporedbom sa sli¢nim nalazistima Sire regije
datira se op¢enito u bron¢ano doba, s mogu¢noscu kontinuiteta
i u starije Zeljezno doba, buduci da je rije¢ o oblicima koji se po-
javljuju kroz Siri vremenski period.»

Prilikom selekcije keramickih ulomaka za analize napravljena
je klasifikacija prema kriteriju keramicke strukture, $to je bilo
otezano iz vise razloga. Keramika je dosta oStecena, zaobljenih
rubova prijeloma, oStec¢ene povrsine, bez i narancaste boje, vje-
rojatno kao posljedica postdepozicijskih procesa i ¢injenice da
je rije¢ uglavhom o povrSinskom materijalu. Stoga, dio uloma-
ka presjecen je klijeStima kako bi se stekao uvid u boju jezgre i
strukturu keramike koja obiluje primjesama kalcita. Za analize je
izdvojeno Sest ulomaka koji nisu izrazitije oSteceni postdepozi-
cijskim procesima, uglavnom fragmenti oboda (T. 2). Za uzorke 71,
72 i 73 na temelju oblikovanja ruba oboda i strukture keramike
pretpostavlja se nesto ranija datacija.

Marina - Drid

Utvrda Drid je smjeStena na istoimenom brdu, istaknutoj domi-
nanti (176 mnv) koja se sa sjeverne strane uzdize iznad Marin-
skog zaljeva, omogucujuci kontrolu plovidbenih ruta trogirskog
akvatorijai kopnenih prometnih pravaca. Uz naglaseni povijesni

wall ramparts on the western, northern and eastern sides, while
the southern edge is defined by a steep cliff and a lower terrace
with a high wall, which makes the fortified area about 1.64 ha. In
addition to mapping, the frequency and distribution of pottery
sherds was recorded during the field survey of the hillfort forti-
fications.”® Only prehistoric pottery was recorded, a total of 659
fragments, of which 178 were collected, which belong to indica-
tive parts of vessels. Preliminarily, based on morphological fea-
tures and comparison with similar sites in the region, the corpus
of collected material has been dated to the Bronze Age with the
possibility of continuity to the Early Iron Age, since it contains
forms that appear over a wider period of time.»

During the selection of sherds, a classification was made accord-
ing to the criterion of fabric, which was difficult for several rea-
sons: the pottery is quite damaged, with rounded fracture edges,
damaged surface, beige and orange in colour (secondary burn-
ing). This is assumed to be due to the influence of post-deposi-
tional processes and the fact that these are mostly surface finds.
Therefore, some of the sherds were cut with pliers to get an in-
sightinto the composition and colour of the calcite-tempered ce-
ramic fabric. Six fragments that were not significantly damaged
by post-depositional processes, mainly rim fragments, were se-
lected for analysis (Pl. 2). For samples 71, 72 and 73, a slightly ear-
lier date is assumed, based on the shaping of the rim edge and
the ceramic fabric’s features.

Marina - Drid

The fortress of Drid is located on the hill of the same name, on an
elevated area (176 m above sea level) that rises above the north
side of Marina Bay, enabling control of the navigation routes of
the Trogir water area and land traffic routes. In addition to the

18 Paraman, Ugarkovi¢, Steskal 2020, 252, 254-258.
19  Paraman, Ugarkovi¢, Steskal 2020, 258.

18 Paraman, Ugarkovic, Steskal 2020, 252, 254-258.
19  Paraman, Ugarkovi¢, Steskal 2020, 258.



VAMZ /3.SERIJA/LVI (2023)

ANDREJA KUDELIC, NATALI NERAL, LUJANA PARAMAN: ARHEOMETRIJA KERAMIKE BRONCANOG DOBA S TROGIRSKOG PODRUCJA

znacaj kasnoanti¢kog/ranobizantskog i ranosrednjovjekovnog
kastruma, prihvaceno je i misljenje da je u razdoblju Zeljeznog
doba rije¢ o gradinskom utvrdenju.>* Sustavno istrazivanje nala-
zista u novije vrijeme te iskopavanje vrinog dijela utvrde i sjeve-
roisto¢ne terase, provedeno u sklopu obnove crkve Gospe od Sni-
ga,” rezultiralo je otkri¢em starije, prapovijesne faze sjevernog
bedema utvrdenja® te vece koli¢ine prapovijesne loncarije i dru-
gog materijala. Ulomci keramike datirani su u Siroko vremensko
razdoblje, od starije faze bron¢anog doba do mladega Zeljeznog
doba, te se uklapaju u opcu sliku lon¢arskog stila karakteristi¢-
nog za nalazista kastelansko-trogirskog i marinskog podrucja.

Zapotrebe ove studije, pregledano je 38 dijagnostic¢kih ulomakai
klasificirani su u dvije grupe. Prvu predstavljaju ulomci vecih po-
suda, debljih stijenki i hrapave povrsine. Glavnina je sekundarno
gorjela pa ima svjetliju oker, Zutu i bez boju povrsine, te sadrzi
obilnu koli¢inu primjesa kalcita. 1z iste skupine izdvojeni su i
ulomci fine keramike, crne boje povrsine, ali svjetlije sive boje
jezgre. Pojedini su ulomci ukraseni urezivanjem i ubadanjem pa
se na osnovu morfologije oblika i tehnika ukrasavanja ova skupi-
na keramickih ulomaka moZe datirati u kraj kasnoga broncanogi
stariju fazu Zeljeznog doba. 1z ove su skupine za analize izdvoje-
na dva ulomka (T. 2: 7-8). Drugu skupinu ¢ini keramika glatke po-
vriine, vjerojatno tretirane glinovitim premazom, tanjih stijenki,
bez vidljivih obilnih primjesa koja ima crnu jezgru. Izdvojena dva
uzorka pripadaju karakteristi¢nim bron¢anodobnim posudamas
trakastim ru¢kama (T. 2: 9-10).

Seget Gornji - Sutilija

Gradinsko utvrdenje na brdu Sutilija (305 mnv), koje sa sjeve-
rozapadne strane nadvisuje trogirsko Malo polje, znacajno je
nalaziSte za poznavanje prapovijesti i protopovijesti trogirsko-
kastelanskog podrucja. Karakteriziraju ga masivna osipina bede-
ma, kompleksnost sac¢uvanih struktura te visoka koncentracija
povrsinskih nalaza.»> U MGT-u su do sada pohranjena ukupno
952 ulomka keramike iz zastitnih istrazivanja i terenskih pregle-
da. Od sveukupne keramictke grade (koja ukljucuje i importiranu
keramiku (pred)helenistickog razdoblja), najveci se postotak
odnosi na ulomke prapovijesnog posuda (749 ulomaka), od kojih
je, s obzirom na selektivnost prikupljanja povrsinskog materija-
la, 48,20% dijagnosticko, a glavina spomenute keramicke grade
je nedavno objavljena.’® Unato¢ ogranitenjima koja proizlaze iz
nedostatka konteksta nalaza, uvid u prapovijesni materijal sa

emphasized historical significance of the Late Antique / Early
Byzantine and early-medieval castrum,* the opinion that it was
a hillfort centre of regional importance in the Iron Age period
is also accepted.® The systematic research of the site in recent
times, and the excavation of the upper plateau of the fort and
the north-eastern terrace, carried out as part of the restoration
of the church of Our Lady of the Snow,??resulted in the discovery
of an older, prehistoric phase of the northern rampart of the for-
tification,” as well as a large amount of prehistoric pottery and
other finds. The pottery spans the period from the earlier phase
of the Bronze Age to the later Iron Age and fits into the general
picture of the pottery style recorded at the sites of the Kastela-
Trogir and Marina area.?

For the purposes of this research, 38 diagnostic fragments were
examined, which were classified into two groups of ceramic fab-
rics. The first is represented by fragments of larger vessels, with
thicker walls and a rough surface. Most of them are secondarily
burnt and have a lighter ochre, yellow and beige surface colour,
and are abundantly tempered with calcite. From the same group,
fragments of fine pottery with black surface, but lighter grey at
the core, were also recorded. Some sherds are decorated with in-
cising and stabbing; and, on the basis of shape morphology and
decoration techniques, this group of pottery can be dated to the
end of the Late Bronze Age and the earlier phase of the Iron Age.
From this group, two fragments were selected for analysis (PI. 2:
7-8). The second group is represented by pottery with a smooth
surface, probably treated with a clay coating; it has thinner walls,
alesser amount of calcite temper, and a black core. The two sam-
ples selected belong to characteristic Bronze Age vessels with
handles (PI. 2: 9-10).

Seget Gornji - Sutilija

The fortress on the Sutilija hill (305 m above sea level), which
overlooks Trogir's Malo polje from the northwest, is an impor-
tant site for learning about the prehistory and protohistory of
the Trogir-Kastela area. It is characterized by the massive rubble
of the ramparts, the complexity of the preserved structures and
the high concentration of surface finds.>s So far, a total of 952 ce-
ramic fragments from protective research and field surveys have
been stored in the TTM. Of the overall ceramic material (which
also includes imported ceramics from the (pre-)Hellenistic pe-
riod), the largest percentage relates to prehistoric vessels (749
fragments), of which, considering the selectivity of the collec-
tion of surface material, 48.20% are diagnostic, and the majority
of the ceramics mentioned were recently published.?® Despite
the limitations resulting from the lack of context of the finds, an

20 Kati¢ 1994.

21 Kati¢ 1994, 5.

22 Jeronci¢ 2016;2017a; 2017b.
23 Jeronci¢ 2017b,9-12

24 Cace 2001; Radi¢ Rossi 2011; Arena, Barbari¢, Radi¢ Rossi 2020; Paraman,
Ugarkovi¢, Steskal 2020; Paraman, Ugarkovi¢ 2021; Suta 2021.

25 Detaljan pregled istrazivanja i dosadasnjih spoznaja o nalazistu s rele-
vantnom bibliografijom kod Paraman, Ugarkovi¢ 2021

26 Paraman, Ugarkovic 2021.

20 Kati¢ 1994.

21 Kati¢ 1994, 5.

22 Jeronci¢ 2016;2017a; 2017b.
23 Jeronci¢ 2017b,9-12

24 Cace 2001; Radi¢ Rossi 2011; Arena, Barbari¢, Radi¢ Rossi 2020; Paraman,
Ugarkovic, Steskal 2020; Paraman, Ugarkovi¢ 2021; Suta 2021.

25 Adetailed overview of the research and current knowledge of the site
with relevant bibliography in Paraman, Ugarkovic¢ 2021.

26 Paraman, Ugarkovic 2021.
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Sutilije sugerira da je odredeni dio ulomaka moguce snaznije po-
vezati uz razdoblje bron¢anog doba.

Na osnovi karakteristika strukture i teksture materijala kerami-
ka je klasificirana u tri grupe. Prvu skupinu ¢ine ulomci smede-cr-
vene boje povrsine i tamnosive ili crne jezgre (T. 3: 2-6). Tekstura
keramike je porozna s vidljivim primjesama kalcita. Debljina sti-
jenkeiznosiizmeduo0,8i1,2cm, dok je povriina takvih, vjerojatno
posuda vecih dimenzija, zagladena i glacana bez sjaja. Pojedini
su ulomci ukradeni apliciranim trakama ili su slicnom tehnikom
izradene tzv. potkovaste drske. Drugu skupinu ¢ine ulomci na ¢i-
joj povrsini nisu vidljiva gruba zrna kalcita, ali sitnija zrna kalcita
vidljiva su u presjeku (T. 3: 8-9). Povrsina posuda je zagladena i
glatana, ponekad sjajna smede-sive, oker-sive ili tamnosive boje
sa sivom ili crnom jezgrom, a debljina stijenke iznosi izmedu o,5
i 0,8 cm te takvi ulomci pripadaju posudama tankih stijenki, zdje-
lama, Salicama ili loncima. Tre¢u skupinu karakterizira na dodir
hrapava povrsina, bez ili svjetlosmede boje povrsine te svjetlo-
sive ili tamnosive jezgre (T. 3: 1, 7). Primjese kalcita, osim Sto se
osjete na dodir povrsine, vidljive su golim okom i na svjezem
lomu ulomka. Debljina stijenke iznosi izmedu 0,8 i 1,2 cm te ula-
zi u skupinu debelih stijenki lonaca. U odnosu na prikazane tri
grupe izdvaja se ulomak trbuha posude s horizontalnom ru¢kom
ovalnog presjeka, ukrasen otiskom namotane niti, bez boje te
sjajne uglac¢ane povrsine (T. 3: 10) datiran u kraj bron¢anog doba.

Plano - Kraljeva ograda

Udaljeno oko 3,6 km od Trogira, nalaziSte Kraljeva ograda smje-
Stenoje na podrucju trogirskog naselja Plano, na sjeveroisto¢noj
padini brda Bovan, koje se nalazi na ulazu u Labinsku dragu, je-
dan od glavnih komunikacijskih pravaca koji povezuje trogirsko-
kastelanski obalni prostor sa zaledem. Ostaci visedijelnog ogra-
denoga kompleksa, kojeg karakteriziraju ogradni zidovi, podzidi,
terase i gomile, pruzaju se u smjeru sjeveroistok - jugozapad
na ukupnoj povrsini od oko 3,4 ha.?” Preliminarno istrazivanje
nalazista® je uz dokumentiranje struktura obuhvatilo i manje
probno iskopavanje na terasi ograde u vrSnom, jugozapadnom
dijelu nalazista (145 mnv, Sonda 2) te na zaravnjenom prostoru
uz isto¢ni ,ulaz“ na sjeveroisto¢nom ogradnom zidu nizeg, sje-
veroisto¢nog dijela nalazista (113 mnv, Sonda 1). Velika koli¢ina
zabiljezenih keramickih nalaza u Sondi 1 (gotovo 90% prikuplje-
noga keramickog materijala) u kulturnom sloju debljine 0,30 m,
uz nalaze litike i kamenog oruda, ostatke Zivotinjskih kostiju te
ku¢nog lijepa, ukazuje na najnizi, sjeveroisto¢ni dio nalazista
kao jedan od centara aktivnosti na nalazistu. Tehnoloske i tipo-
loske karakteristike keramickih ulomaka pokazuju znacajke rani-
jih faza bron¢anog doba i odgovaraju loncariji dokumentiranoj

insight into the prehistoric material from Sutilija suggests that
some of the pottery sherds can be strongly related to the Bronze
Age period.

On the basis of the visible physical characteristics and ceramic
fabrics, they can be classified into three groups. The first con-
sists of fragments with a brown-red surface and a dark-grey or
black core (PI. 3: 2-6). The texture of the ceramics is porous, and
itis tempered with calcite. The wall thickness is between 0.8 and
1.2 cm, while the surface of such a vessel, probably of larger di-
mensions, is smoothed and polished without shine. Some frag-
ments are decorated with applied ribbon, or horseshoe handles
were made with a similar technique. The second group consists
of fragments on the surface of which larger grains of calcite are
not visible, but smaller grains of calcite are visible in the cross-
section (Pl. 3: 8-9). The surface of the vessels is smoothed and
polished, sometimes shiny, brown-grey, ochre-grey or dark grey
with a grey or black core; the wall thickness ranges between 0.5
and 0.8 cm, representing thinner walls of bowls, cups and pots.
The third group of ceramics is characterized by a surface rough
to the touch, a beige or light-brown surface and a light-grey or
dark-grey core (Pl. 3: 1, 7). In addition to being felt when the sur-
face is touched, calcite temper is also visible to the naked eye in
the cross-section. The wall thickness is between 0.8 and 1.2 cm
and belongs to the group of thick-walled pots. Standing outin a
separate category is a fragment of a vessel body decorated with
imprinted corded thread and with a horizontal handle, beige col-
our and a shiny, polished surface (PI. 3: 10), dated to the end of
the Bronze Age.

Plano - Kraljeva Ograda

The site of Kraljeva Ograda is located about 3.6 km from Trogir,
in the area of the Trogir settlement of Plano, on the north-east-
ern slope of the Bovan hill, which is located at the entrance to
Labinska Draga, one of the main communication routes that con-
nects the Trogir-Kastela coastal area with the hinterland. The re-
mains of a multi-partenclosure, characterized by enclosure walls,
sub-walls, terraces and cairns, extend in a northeast-southwest
direction over a total area of about 3.4 ha.”” In addition to docu-
menting the structures, the preliminary investigation of the
site®®included a smaller test excavation on the terrace of the top
enclosure in the south-western part of the site (145 m asl, Probe
2)and on the flattened area next to the eastern ‘entrance’ on the
north-eastern wall of the lower, north-eastern part of the site
(113 m asl, Probe 1). The large amount of ceramic finds recorded
in Probe 1 (almost 90% of the ceramic material collected)in a cul-
tural layer 0.30 m thick, along with the finds of lithics and stone
tools, the remains of animal bones and a domestic vase, points
to the lowest, north-eastern part of the site as being one of the
centres of activities at the site. The technological and typologi-
cal characteristics of the ceramic sherds show the features of

27 Nalaziste je 2001. godine otkrio fotograf Tonko Bartulovi¢ prilikom zra¢-
nog snimanja kastelanskog podru¢ja. Neposredno nakon otkri¢a, prilikom po-
kusaja poSumljavanja ranije opozarenog podrucja, nalaziste je djelomi¢no
osteceno, dok se daljnja devastacija nalazista odvila 2017. godine, kada je, u na-
mjeri pripreme terena za kultivaciju, strojevima prekopan dio ograde u vrsnom
dijelu nalazista.

28  Paraman, Suta 2016.

27 Thesitewasdiscovered in 2001 by photographer Tonko Bartulovi¢ during
an aerial survey of the Kastela area. Immediately after the discovery, during an
attempt to reforest the previously burnt area, the site was partially damaged,
while further devastation of the site took place in 2017 when, with the intenti-
on of preparing the terrain for cultivation, a part of the fence in the top part of
the site was dug up with machinery.

28 Paraman, Suta 2016.
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naistovremenim nalazistima kastelansko-trogirskog podrucja.»
Starost kulturnih slojevaiz obje sonde odredena je metodom 14C
na Zivotinjskim kostima - 3316 + 17 (Sonda 1), odnosno 3287 + 17
(Sonda 2) prije sadasnjosti - ¢ime je kronoloski okvir analizirane
loncarije postavljen u srednje bron¢ano doba, odnosno u vrije-
me od zadnje trec¢ine 17. do kraja 16. stoljeca pr. n. e.*°

Istrazivanjem je prikupljeno oko 1200 vec¢inom sitnih ulomaka
keramike, od ¢ega glavnina pripada tijelima posuda, dok je dija-
gnostickih dijelova posuda zabiljeZzeno 216. Definirane su dvije
osnovne grupe keramike. Prva je gruba, Supljikave teksture, s pri-
mjesama krupnih zrna kalcita, a Supljikava povrsina vjerojatno
je posljedica raspadanja kalcita. Druga grupa keramike je nesto
finija, bez krupnih primjesa, zagladene povrsine. Boja povrsine
je uglavnom smeda, a jedan ulomak isti¢e se svjetlobeZz bojom
povrsine, dok je jezgra kod svih ulomaka tamnosmeda i crna. Za
izradu mikroskopskih preparata izabrano je pet ulomaka tijela
posuda (Sl. 3).

Okolica Trogira - nepoznato nalaziste

U ¢uvaonici MGT nalaze se ulomci keramitke posude koja potje-
Ce iz staroga muzejskog fundusa i za koju nije poznato mjesto
pronalaska (Sl. 4). Kako se radi o ulomcimaizrazito velike, izvorno
vjerojatno cjelovito sa¢uvane posude (lomovi su svjeZi), pretpo-
stavlja se da je pronadena u gomili iako nije isklju¢ena ni mogu¢-
nostdajerije¢ o pe¢inskom nalazistu.3* Rije¢ je o loncu tankih sti-
jenki, zaobljenoga kuglastog tijelaiizduzenog vrata s trakastom
ru¢kom na prijelazu vrata na trbuh posude. Rub oboda posude
je Siljast, ali s unutarnje strane koso zaravnat. Tekstura kerami-
ke je porozna, mjestimice Supljikava, povrsina je mat bez sjaja,
a na povrsini su vidljiva bijela zrna kalcita. Vanjska je povrsina
smeda te mjestimice siva i narancasta, dok je unutarnja povrsi-
na smede boje, a jezgra je crna. Oblik posude i nacin oblikovanja
ruba oboda pokazuju znacajke loncarije ranoga bron¢anog doba.
Ravni, cilindri¢ni vratovi lonaca te koso oblikovani obodi zdjela,
Salica, a ponekad i vrceva, posebno su karakteristi¢ni za cetinski
loncarski stil3> Osim toga, koso oblikovani rubovi karakteristic-
ni su i za loncariju ranog i srednjega bron¢anog doba Istre.3 No
direktna analogija za sli¢no oblikovani obod velike posude nije

the earlier phases of the Bronze Age and correspond to the pot-
tery documented at the contemporary sites in the Kastela-Trogir
area.® The age of the cultural layers from both probes was de-
termined by the 14C method on animal bones - 3316 = 17 (Probe
1) and 3287 + 17 (Probe 2) BP - which places the chronological
framework of the pottery thus analysed in the Middle Bronze
Age, i.e. in the time span from the last third of the 17th century
BC to the end of the 16t.3°

About 1,200 fragments of ceramics, mostly small, were collected
during the research, most of which belong to vessel bodies, and
216 to diagnostic parts. Two basic groups of ceramics have been
defined. The first one has a rough, porous, hollow texture and is
calcite-tempered. The pitted surface is probably the result of cal-
cite disintegration. The second group of ceramics is somewhat
finer, without coarse mineral grains, with a smooth surface. The
colour of the surface is mostly brown, and one fragment stands
out with a light beige colour; the core of all fragments is dark
brown and black. Five fragments of vessel bodies were selected
for thin sections (Fig. 3).

Environs of Trogir - unknown site

In the TTM storage, there are fragments of a ceramic vessel origi-
nating from the old museum collection and of which the place of
discovery is unknown (Fig. 4). As these are fragments of a larger
vessel, originally probably completely preserved (the fractures
are fresh), itis assumed that it was found in a tumulus, although
the possibility that it was a cave site is not excluded.3* It is a thin-
walled pot with a rounded spherical body and elongated neck
with a strip handle at the transition of the neck to the body of
the vessel. The edge of the rim is pointed, but on the inside it is
setobliquely. The ceramicis porous, hollow in places, the surface
is smooth, matte without shine, and white grains of calcite are
visible on the surface. The outer surface is brown and, in places,
grey and orange, while the inner surface is brown and the core is
black. The shape of the bowl and the way the edge of the rim was
shaped show characteristics of Early Bronze Age pottery. Flat,
cylindrical necks and the obliquely shaped rims of bowls, cups
and sometimes jugs are particularly characteristic of the Cetina
pottery style.3* In addition, obliquely shaped rims are also char-
acteristic of the Early and Middle Bronze Age pottery of Istria.3

29  Arenaetal 2020; Suta 2021

30 Radiokarbonsko datiranje financirano je sredstvima Hrvatske zaklade za
znanost, projektom TehnoloSke znacajke i kulturne prakse u prapovijesnim lon-
Carskim tradicijama na podrucju Hrvatske (HRZZ-UIP-2020-02-3637).

31 UArhivu MGT nalazi se dopis br. 133/80 0od 1.7.1980,, u kojem se spominju
u muzej predani ulomci keramicke ,vaze® pronadeni u spilji sjeverno od gradin-
skog naselja Sv. Nofar na Velom Bija¢u (podru¢je Seline/Vlacine), u sjeveroza-
padnom dijelu Kastelanskog polja. Prema rije¢ima kolege lvana Sute iz Muzeja
grada Kastela, spilja je poznata kao prapovijesni lokalitet, ali njezin to¢an polo-
7aj danas nije poznat. Kako se u starom muzejskom fundusu nalazi niz arheo-
loskih nalaza, koji su u muzej pristigli bez popratne dokumentacije, nije mogu-
Ce sasigurnoscu povezati ulomke posude MGT 2385 s ovim nalazistem. Tijekom
druge polovice 20. stolje¢a niz je prapovijesnih gomila na trogirskom podru¢ju
unisten prilikom gradevinskih i infrastrukturnih radova - na podrucju naselja
Plano, trogirskog Ciova i Segeta Gornjeg u blizoj okolici Trogira te na podrucju
sela Blizna Donja i Vinovac u marinskom zaledu.

32 Brojniprimjerci kod Marovi¢ 1991.
33 Hellmuth Kramberger 2017.

29  Arenaetal . 2020; Suta 2021.

30 Theradiocarbon dates were funded by the Croatian Science Foundation,
the project TechnologicalFfeatures and Cultural Practices in Prehistoric Pottery
Traditions in Croatia (HRZZ-UIP-2020-02-3637).

31 In the TTM Archive, there is document no. 133/80 of 1 July 1980, which
mentions fragments of a ceramic “vase” found in a cave north of the settlement
of St Nofar on Veli Bija¢ (Selina/Vlacina area), in the north-western part of the
Kastela polje. According to Ivan Suta of the Museum of the City of Kastela, the
cave is known as a prehistoric site, butits exact location is not known today. As
the old museum collection contains a number of archaeological finds that arri-
ved at the museum without accompanying documentation, itis not possible to
connect the fragments of vessel TTM 2385 with certainty to this site. During the
second half of the 20" century, a number of prehistoric mounds in the Trogir
area were destroyed during construction and infrastructure works: in the area
of Plano, Trogir’s Ciovo and Seget Gornji in the immediate vicinity of Trogir, and
in the area of the villages of Blizna Donja and Vinovac in the Marina hinterland

32 Numerous examplesin Marovi¢ 1991.
33 Hellmuth Kramberger 2017.
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Sem

SLIKA 3. Ulomci keramike s nalazista Plano-Kraljeva ograda izdvojeni za anali-
ze: brojevi uzoraka 93, 94, 96 i 97 (s lijeva na desno) (snimila A. Kudelic).

FIGURE 3. Ceramic fragments from the Plano-Kraljeva ograda site selected for
analysis: sample numbers 93, 94, 96, and 97 (from left to right) (photo by A. Ku-
deli¢).

pronadena medu lonc¢arijom ranogili srednjega bron¢anog doba
isto¢noga jadranskog podru¢ja i zaleda.

Analiticke metode

Za mineraloSko-petrografske analize bron¢anodobne loncarije
s trogirskog podrucja odabrano je sveukupno 38 uzoraka (Tab.
1). U Laboratoriju za analizu geoloSkog materijala (LaGEMA) na
Rudarsko-geolosko-naftnom fakultetu Sveucilista u Zagrebu na-
pravljeni su tanki izbrusci keramike svih uzoraka. Analiza tankih
izbrusaka optickom je mikroskopijom provedena na Institutu
za arheologiju, koristeci polarizacijski mikroskop Zeiss Axiolab
5 u propusnom svjetlu. Analizom je odreden mineraloSko-petro-
grafski sastav uzorka, boja, mikrotekstura i dvolom matriksa, a
odredena je i prisutnost litoklasta i keramoklasta te su opisane
Supljine i pore. Definiranje dodanih primjesa temelji se na vrsti,
velic¢ini, obliku i bimodalnoj raspodjeli zrna u matriksu. Uzorci su
potom sortirani u grupe na temelju mineralosko-petrografskih
karakteristika matriksa, dok su podgrupe definirane na osnovi
vrste dodanih primjesa. Zastupljenost, veli¢ina, razvrstanost i
zaobljenost zrna procijenjeni su koriste¢i upute Prehistoric Ce-
ramic Research Group 3

Mineralni sastav keramike odreden je pomocu rendgenske di-
frakcije na prahu (XRPD), koristeci Panalytical Empyrean difrak-
tometar s monokromatskim Cu-Ka zracenjem. Postavke mjere-
njasu3-70°20 narotiraju¢em postolju, veli¢ina koraka 0,013 °26,
80 s po koraku. Mineraloska analiza napravljena prema Moore i
Reynolds (1997) te pomoc¢u PANalytical X’Pert HighScore progra-
ma, koriste¢i podatke Medunarodnog centra za difrakcijske po-
datke (ICDD, International Centre for Diffraction Data).

However, adirect analogy for the similarly shaped rim of a larger
vessel has not been found in Early or Middle Bronze Age ceram-
ics of the eastern Adriatic area and its hinterland.

Analytical methods

A total of 38 ceramic sherds were selected for mineralogical and
petrographic analysis of the Bronze Age pottery from the Trogir
area (Table 1). Thin sections of pottery sherds were prepared at
the Laboratory for the Analysis of Geological Materials (LaGEMA)
at the Faculty of Mining, Geology and Petroleum Engineering,
University of Zagreb. Thin sections were analysed at the Insti-
tute of Archaeology under a Zeiss Axiolab 5 polarizing micro-
scope in transmitted light. The petrographic analysis includes
the determination of sample colour, matrix microtexture and
birefringence, mineral composition, and presence of lithoclasts,
ceramoclasts, pores and voids. The definition of tempering mate-
rial is based on the type, size, shape and bimodal grain size dis-
tribution in the matrix. The samples are assigned to groups ac-
cording to the mineralogical and petrographic characteristic of
the matrix, while the subgroups are established according to the
type of the tempering material present in the samples. During
the petrographic analysis, inclusion density, size, sorting, and
roundness were determined according to the instructions of the
Prehistoric Ceramic Research Group 3

Mineralogical composition was obtained using a Panalytical Em-
pyrean diffractometer equipped with Cu-Ka radiation. Scan set-
tings were 3-70° 20 on the rotating sample stage, 0.013° 26 step
size, 80 s per step. Mineral identification was conducted accord-
ing to Moore and Reynolds (1997) using PANalytical X’Pert High-
Score software with the standardized Powder Diffraction Files of
the International Centre for Diffraction Data (ICDD).

34  PCRG 2010.

34 PCRG, 2010.



VAMZ /3.SERIJA/LVI (2023)

ANDREJA KUDELIC, NATALI NERAL, LUJANA PARAMAN: ARHEOMETRIJA KERAMIKE BRONCANOG DOBA S TROGIRSKOG PODRUCJA

SLIKA 4. Ulomak keramictkog lonca iz okolice Trogira - nepoznato nalaziste, uzo-
rak 110 (izradila A. Kudeli¢).

FIGURE 4. A fragment of a ceramic pot from surroundings of Trogir - unknown
site, sample 110 (made by A. Kudeli¢).

Rezultati mineralosko-petrografske analize

Rezultati mineraloSke analize dobivene rendgenskom difrakci-
jom na prahu prikazani su u tablici 2. Zajednitko obiljezje svih
uzoraka je prisutnost kvarca. Kalijski feldspati i plagioklasi pri-
sutni su u vecini uzoraka. Tinj¢asti materijal, koji odgovara mine-
ralima iz skupine tinjaca, illita te mijesanoslojnih minerala illit/
smektit, prisutan je u gotovo svim uzorcima. Prisutnost kalcita
utvrdenaje u svim uzorcima osim u uzorku 64. Vapno i mulit, koji
ukazuju na promjene mineralnih faza uslijed pe€enja, prisutnisu
u uzorku 75, odnosno 72.

Mineralni sastav keramitkog matriksa, odreden optickom mikro-
skopijom, sastoji se od vrlo finih (<0,2 mm) i finih (0,1 - 0,25 mm)
kristaloklasta kvarca, feldspata, tinjaca i kalcita (Tab. 3). Kalijski
feldspati prisutni su u vecini uzoraka, dok su plagioklasi rjede
zastupljeni. Medu tinjcima naj¢es¢i je muskovit, a biotit je vrlo
rijetko prisutan. Zastupljenostvrlo finih kristaloklasta u rasponu
je od 10% do maksimalnih 50% (prosjecno 23,4%), a kristaloklasti
su vrlo dobro razvrstani u matriksu. Osim vrlo finih, dio uzoraka
sadrzi i fine, uglavnom djelomi¢no uglate kristaloklaste, zastu-
pljene od 3 do 10%, dobro do vrlo dobro razvrstanih u matriksu.

Boja matriksa je svijetlo do tamnosmeda, s nekoliko uzoraka
narancaste boje. Dvolom matriksa je nizak do visok, ali naj¢esc¢e
umjereno visok.

U vecini uzoraka prisutne su zaobljene, naj¢esc¢e neprozirne Ze-
ljezovite granule. Kod nekoliko uzoraka (62, 63, 69 i 74) prisutne
su uglavnom zaobljene, glinovite mase (strukture), sastavljene
od vrlo finih mineralnih Cestica, bez krupnih primjesa. Takve gli-
novite strukture zauzimaju oko 15% povrsine uzorka. Osim toga,
rijetko su prisutni (<5 %) fragmenti mikrofosila, odnosno spiku-
le spuzvi, foraminifere te fragmenti Skoljaka s jasno izrazenom
unutarnjom strukturom.

Results of mineralogical and petrographic analysis

The results of the mineralogical analysis determined by X-ray
powder diffraction are presented in Table 2. The common fea-
ture of all the samples is the presence of quartz. K-feldspar and
plagioclase are present in most samples. Micaceous material,
corresponding to mica, illite and mixed-layer illite/smectite, is
present in almost all the samples. The presence of calcite was
determined in all the samples except sample 64. Lime and mul-
lite, which indicate the mineralogical changes upon firing, are
presentin samples 75 and 72, respectively.

The mineral composition of the matrix, determined by optical mi-
croscopy, consists mainly of very fine (<0.2 mm) and fine (0.1-0.25
mm) quartz, feldspar, mica and calcite crystalloclast inclusions
(Table 3). K-feldspar is identified in most of the samples, while
plagioclase is less common. Among the mica minerals, musco-
vite is the most common, while biotite is very rarely present. The
density of very fine crystalloclasts varies from moderate (10%) to
abundant (50%, average 23.4%), and these are very well-sorted in
the matrix. Besides very fine crystalloclast inclusions, some sam-
ples contain fine crystalloclasts presentin rare (3%) to moderate
(10%) amounts and very well-sorted in the matrix.

The colour of the matrix is light- to dark-brown with several sam-
ples of orange colour. The birefringence varies from low to high,
butitis mostly medium-high.

Most of the samples contain rounded and opaque structures, iron
nodules. Besides, some samples (62, 63, 69 and 74) contain mostly
rounded, clayey masses (structures) composed exclusively of very
fine mineral grains, without any coarser inclusions. These clayey
masses cover up to 15% of the section’s area. Fragments of micro-
fossils, sponge spicules, foraminifera and shell fragments with
clearly visible inner structure are rarely present (<5%).
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Osim kristaloklasta, 33 uzorka (87%) sadrZze mineralna zrna
kalcita i rjede zastupljene litoklaste, uglavnom sastavljene od
fragmenata sedimentnih stijena (SI. 5). Mineralna zrna kalcita
su vrlo fina do gruba (<3 mm), uglavnom uglatog do vrlo ugla-
tog oblika te loSe do dobro razvrstana u matriksu. Prisutna su
u uzorcima do maksimalne zastupljenosti 30%. Zamucenost je
prisutna na povrsini odredenih zrna. Fragmenti sedimentnih
stijena (litoklasti), uglavnom vapnenca i dolomita, te vrlo rijetko
roznjaka, prisutni su u uzorcima do maksimalne zastupljenosti
15%. Fragmenti metamorfnih stijena, uglavnom kvarcita, rjede
su zastupljeni. Litoklasti su uglavnom srednje velicine (0,25 - 1
mm), djelomi¢no zaobljeni te lose do dobro, ali najceSce umje-
reno razvrstani u matriksu. Koli¢ina, bimodalna i polimodalna
raspodjela zrnaiizrazita uglatost ukazuje nato da su litoklastii
mineralna zrna kalcita usitnjavana i dodavana glini tijekom pri-
preme loncarske smjese.

Grog je prisutan u 17 uzoraka (45%). Zrna groga su smede do ta-
mno smede boje, uglavnom srednje veli¢ine te djelomi¢no ugla-
ta do djelomicno zaobljena (SI. 5). Razvrstanost groga u rasponu
je od dobre do loSe. Budu¢i da boja groga u pojedinim uzorcima
odgovara boji kerami¢kog matriksa, ona su Cesto teze uocljiva. U
uzorcima su prisutna i zaobljena prozirna i neprozirna zrna gli-
novitih peleta (ARF), Sto kod pojedinih uzoraka (84, 87, 98) oteza-
va odredivanje dodane od prirodno prisutnih inkluzija.

Along with crystalloclasts, 33 samples (87%) contain calcite
mineral grains and, less commonly, rock fragments (lithoclasts),
generally composed of sedimentary rocks (Fig. 5). Calcite min-
eral grains are very fine to coarse (< 3 mm) in size, mostly angu-
lar to very angular in shape and poorly- to well-sorted. These are
present in the samples up to a maximum density of 30%. Some
grains are blurred on the surface. Fragments of sedimentary
rocks are present up to a moderate amount of 15%. Metamorphic
rocks, mostly quartzite, are present in smaller amounts. Litho-
clasts are medium in size (0.25-1 mm), sub-rounded and poorly-
to well-, but mostly moderately-sorted in the matrix. The amount,
bimodal and polymodal grain size, and pronounced angularity
distribution indicate that the lithoclasts and calcite grains have
been crushed and added to the clay during the paste’s prepara-
tion.

Moreover, grog (ceramoclasts) and ARF are present in 17 sam-
ples (45%). The grog grains are brown to dark brown, medium to
coarse in size, and sub-angular to sub-rounded (Fig. 5). The grog
is poorly- to well-sorted in the matrix. Since the grog colour cor-
responds to the matrix colour, the grains are hard to recognize in
some of the samples. The samples also contain transparent and
opaque clayey pellets (ARF) and therefore, for some samples (84,
87, 98), the differentiation of added inclusions from those natu-
rally presentis difficult.

TABLICA 2. Rezultati mineraloske analize ke-
ramike s trogirskog podrucja (Qtz - kvarc; Br.
PI.—.p.Iag|okIaS|; Kfs - kalijski fel'dspatu Mca uzorka/ Qtz Pl Kfs Mca cal Dol i Mulite
- tinjci; Cal - kalcit; Dol - dolomit; lime - va- Sample
pno) (izradila N. Neral). number
TABLE 2. Mineral cgmposmon of 'pottery 58 . + / + + / / /
samples from Trogir area determined by
X-ray powder diffraction analysis (Qtz - qu-
artz, Pl - plagioclase, Kfs - K-feldspar, Mca 59 + + / + + / / /
- micaceous minerals, Cal - calcite, Dol - do-
lomite) (made by N. Neral). 64 + + + + / / / /
65 + + + + + + / /
68 + / + + + / / /
69 + / + + + / / /
71 + / + + + / / /
72 + / + / + / / +
74 + / + + + / / /
75 + + / + + / + /
84 + + / / + / / /
85 + + + + + / / /
86 + / + + + / / /
93 + / + + + / / /
9% + / + + + / / /
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Koli¢ina pora u uzorcima u rasponu je od 5 do 15% i u prosjeku
iznosi 8%. Pore su uglavnom izduZene te djelomicno ili paralelno
orijentirane, a praznine su prisutne kao nepravilne ili djelomi¢no
uglate.

Na temelju zastupljenosti i veli¢ine kristaloklasta u matriksu
odredene su grupe strukture keramike za svako pojedino nala-
ziste (ukupno 18), dok su na temelju vrste, veli¢ine, oblika i bimo-
dalne raspodjele primjesa u matriksu odredene podgrupe struk-
tura keramike takoder za svako nalaziste (Tab. 4).

Karakterizacija lonéarskih sirovina
i tehnike izrade

Glinovita sirovina

Rezultati su pokazali da je glavnina keramic¢kih posuda naprav-
liena od glinovitog materijala koji sadrzi izmedu 15 i 25% vrlo
finih kristaloklasta, vrlo dobro razvrstanih u matriksu, koji ¢ine
prirodnu sastavnicu tla. Gline s niskim udjelom mineralnih zrna
ili tzv. masne gline koristene su rijetko (uzorak 85), bas kao i vrlo
pjeskovite gline (uzorci 69, 86 i 94). Buduc¢i da u ovoj fazi istraziva-
nja uzorci tala na podru¢ju istrazivanja nisu prikupljeni podaci o
karakteristikama i dostupnosti gline, oslanjaju se na dostupne
podatke o geoloskoj i pedoloskoj gradi podrucja.

Geoloskom podlogom srednje Dalmacije dominiraju karbonat-
ne naslage, odnosno vapnenci i dolomiti kredne i paleogenske
starosti. FliSne naslage sastavljene od lapora i pjeS¢enjaka rjede
su zastupljeneiuglavnom prisutne uz obalnu liniju podru¢ja.3s U
takvom, dominantno krskom okolisu, nastanak i taloZenje glino-
vitih sedimenata vrlo je rijetko. Glinoviti sedimenti na podrucju
srednje Dalmacije, iako rijetko zastupljeni, dolaze u asocijaciji s
naslagama zemlje crvenice (terra rossa) koja je posebice zastu-
pljena u obalnom podrucju od Marine do Trogira.3¢ Stoga, pretpo-
stavlja se da su loncari glinu nabavljali u blizini naselja.

Loncarske primjese

Na temelju analize cjelokupnog uzorka doznajemo da su bron-
¢anodobni loncari glini dodavali tri osnovne vrste primjesa, usit-
njene kalcit stijene i grog, i to prema tri lon¢arske recepture: kal-
cit; kalcit, razlicite vrste stijenai grog; grog (Sl. 6). Takve neplasti¢-
ne primjese pozitivno utje¢u na mehanic¢ka svojstva loncarske
smjese; mogu pospjesiti viskoznost smjese, ¢vrstocu i termicku
izdrzljivost posude, utje¢u na postupak susenja, a mogu utjecati
i na poroznost.?” Stoga, odabir primjesa Cesto je povezanisazna-
njima o njihovu utjecaju na finalni proizvod.

The quantities of pores vary from 5% to 15% (average 8%). The
pores are mostly elongated and oriented partially or in parallel.
The voids are irregular or sub-angular.

Fabric groups have been determined for each archaeological site
on the basis of density and size of crystalloclasts in the matrix
(18 fabric groups), while the subgroups are determined accord-
ing to the type, size, shape and bimodal grain size distribution of
the tempering material (Table 4).

Characterization of pottery raw materials
and production techniques

Clayey raw material

The results showed that most vessels were made of clayey ma-
terial that naturally contains between 15% and 25% of very fine
crystalloclasts, very well-sorted in the matrix. Clays with a low
content of mineral grains, or so-called fat clays, were used rarely
(sample 85), just like very sandy clays (samples 69, 86 and 94).
Since, at this stage of the study, soil samplesin the research area
had not been collected, data on the characteristics and availabil-
ity of the clay are based on the data available on the geological
and pedological structure of the area.

The geological base of central Dalmatia is dominated by carbon-
ate deposits, namely limestones and dolomites of Cretaceous
and Paleogene age. Flysch deposits composed of marl and sand-
stone are less common and present mostly along the coastal
line of the area.® In such a predominantly karstic environment,
the formation and deposition of clayey sediments are very rare.
Clay sediments in the area of central Dalmatia, although rarely
present, come in association with deposits of reddish soil (terra
rossa), mainly distributed in the coastal area from Marina to Tro-
gir3¢Therefore, itis assumed that the potters procured clay near
the settlement.

Tempering material

Onthebasis of the analysis of the entire sample, we have learned
that Bronze Age potters added three basic types of tempering
material to the clay - crushed calcite, rocks and grog - according
to three pottery recipes: calcite; calcite, different types of rocks
and grog; grog (Fig. 6). Such non-plastic inclusions positively af-
fect the mechanical properties of the clay paste; they can im-
prove the viscosity of the paste, and the strength and thermal
durability of the vessel; they affect the drying process, and can
also affect the porosity.3” To that extent, the selection of temper-
ing material is often related to knowledge about theirimpact on
the final product.

35 Marinci¢, Magas, Borovic¢ 1971; Magas, Marinci¢ 1973.
36 Bogunovi¢ et al. 2000.

37 Rice 1987, 408; Velde, Druc 1999; Roux 2019, 36.

35 Marinci¢, Magas, Borovic¢ 1971; Magas, Marinci¢ 1973.
36 Bogunovic et al. 2000.
37  Rice 1987, 408; Velde, Druc 1999; Roux 2019, 36.
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TABLICA 3. Rezultati petro-
grafije keramike s trogir-
skog podru¢ja (VFC - vrlo
fini kristaloklasti; FC - fini
kristaloklasti; Qtz - kvarc;
Fs - feldspat; Mic - tinj-
ci; Bt - biotit; Cal - kalcit;
L - nizak; MH - umjereno
visok; H - visok; VF - vrlo
fini; F - fini; M - srednji; C -
grubi; PS - loSe razvrstano;
MS - umjereno razvrstano;
WS - dobro razvrstano;
SA - djelomi¢no uglato;
SR - djelomi¢no zaobljeno;
A - uglato; VA - vrlo uglato;
VM - biljni material; ARF -
glinoviti peleti; Msh - ljuske
mekusaca; FSG - podgrupe
strukture keramike) (izradi-
le N. Neral i A. Kudelic).

TABLE 3. Ceramic petro-
graphy analysis of pottery
from Trogir area (VFC -
very fine crystalloclasts;
FC - fine crystalloclasts;
Qtz - Quartz; Fs - Feldspat;
Mic - Mica; Bt - Biotite; Cal -
Calcite; L - low; MH - medi-
um high; H - high; VF - very
fing; F - fine; M - medium;
C - coarse; PS - poorly sor-
ted; MS - medium sorted;
WS - well sorted; SA - sub-
angular; SR - sub-rounded;
A - angular; VA - very an-
gular; VM - vegetal mate-
rial; ARF - Argilaceous rock
fragments; Msh - Mollusc
shell; FSG - Fabric subgrou-
ps) (made by N. Neral and A.
Kudelic).
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nalazista na podrucju Tro-
gira (izradile: A. Kudeli¢ i N.

grupa strukture keramike s
Neral).

TABLICA 4. Opis grupa i pod-

bric groups and subgroups
of pottery from the Trogir
area (made by A. Kudeli¢

TABLE 4. Description of fa-
and N. Neral)
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SLIKA 5. Mikrofotografije primjesa: kalcit (a), grog (b), fragmenti stijena (c, d)
(snimila N. Neral).

FIGURE 5. Photomicrographs of tempering material: a) calcite (a), grog (b), rock
fragments (c, d) (photo by N. Neral).

Usitnjeni kalcit zabiljeZen je u keramici sa svih analiziranih na-
lazista i predstavlja najzastupljeniju vrstu lontarske primjese
(SI. 7). Rijec je o vrlo raSirenom mineralu koji nastaje u poroznim
karbonatnim naslagama uslijed precipitacije iz vode bogate
kalcijem. U tim uvjetima dolazi do nastanka kristala kalcita koji
postupno ispunjavaju Supljine unutar karbonatnih naslaga. Pro-
nalazi se u Zilama vapnenackih stijena pa upotreba kalcita kao
primjese ukazuje na koristenje lako dostupnih resursa iz okolisa.
Osim toga, lako se usitnjava zbog odli¢ne kalavosti i relativno ni-
ske tvrdoce (3 po Mohsovoj ljestvici).

Upotreba kalcita, kao lon¢arske primjese, naisto¢noj obali Jadra-
na zabiljeZena je jo$ od neolitika, dok kod istovremenih zajedni-
ca na zapadnoj obali Jadrana takva praksa nije zabiljezena 3 Ka-
snije, tijekom bron¢anog doba, usitnjeni kalcit i razli¢ite stijene
koriste se kao loncarska primjesa i na podru¢ju zapadne obale
Jadrana sa zaledem,* a ovim istrazivanjem sli¢no je zabiljeZzeno
i za dio podrug¢ja isto¢nojadranske obale. Stovise, na podru¢ju
srednjeg Balkana upotreba usitnjenog kalcita zadrzala se do
danas, i to u kontekstu tradicijskog loncarstva,* osobito isto¢ne
obale Jadrana sa zaledem. Stoga, moZe se zakljuciti da je prak-
sa upotrebe kalcita na podru¢ju Dalmacije vrlo karakteristi¢na i
predstavlja izrazito dugovje¢nu tradiciju.

Crushed calcite was recorded in ceramics from all the sites ana-
lysed and represented the most common type of temper (Fig. 7).
Itis a prevalent mineral in porous carbonate deposits due to pre-
cipitation from calcium-rich water. Under these conditions, cal-
cite crystals are formed, gradually filling the carbonate deposits’
voids. It is found in the veins of limestone rocks, and therefore
the use of calcite as a temper indicates the use of an easily avail-
able resource from the local landscape. In addition, it is easily
crushed, due to its excellent ductility and relatively low hard-
ness (3 on the Mohs scale).

The use of calcite has been recorded on the eastern coast of the
Adriatic since the Neolithic. In contrast, such a practice has not
been recorded in contemporary communities on the western
coast of the Adriatic3® Later, during the Bronze Age, crushed
calcite and various rocks were used in the central and southern
Adriatic withits hinterland,? and this research has also recorded
asimilar pattern for part of the eastern Adriatic coast. Moreover,
in the area of the Central Balkans, and especially on the eastern
coast of the Adriatic, the use of crushed calcite has continued
to this day in the context of traditional pottery.« To that extent,
using calcite in Dalmatia is very characteristic and represents a
long tradition.

38  Spataro2002,193-197.
39  Cannavo, Levi 2018, 54-57.
40  Carlton 2002; 2014; 2019; Dordevic¢ 2011.

38 Spataro2002,193-197.
39  Cannavo, Levi 2018, 54-57.
40  Carlton 2002; 2014; 2019; Dordevic¢ 2011.
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SLIKA 6. Udio pojedine lon¢arske recepture odnosno vrsta neplasti¢nih primje-
sa u svim analiziranim uzorcima (izradila A. Kudelic).

FIGURE 6. The proportion of individual pottery recipes or types of non-plastic
temper material in all analysed samples (made by A. Kudeli¢).

SLIKA 7. Zastupljenost pojedine lon¢arske recepture u odnosu na nalaziste
(izradila A. Kudeli¢).

FIGURE 7. Representation of individual pottery recipes in relation to the site
(made by A. Kudelic).

Mnogo manji broj analiziranih uzoraka sadrzi grog kao jedinu
vrstu primjese (16%), a najcesce je koristen zajedno s usitnje-
nim, pretezno sedimentnim stijenama i kalcitom (29%). Grog je
u uzorcima uglavnom slabo zastupljen (u prosjeku 9,6%), izuzev
uzoraka 67, 73 i 110, kod kojih je grog jedina vrsta primjese, zastu-
pljenosti 20%. Dimenzije groga su relativno male od 0,2 mm do 1
mm, zrna su djelomi¢no zaobljena i rijetko su uglata, uglavnom
su providna, smede boje i sastava sli¢nog sastavu matriksa pa se
pretpostavlja da je grog izraden od ulomaka sli¢nih keramickih
posuda. Stoga, grog se moze okarakterizirati kao lako dostupna,
antropogena sirovina koja se nalazi unutar svakog naselja, a u
funkcionalnom smislu ima sli¢an utjecaj na mehanicka svojstva
posude kao i ostale neplasti¢ne primjese.** Grog se koristio od
neolitika, posebice na podrucju Panonske nizine, gdje je to domi-
nantna loncarska primjesa, osobito tijekom bron¢anog doba.«
Na podrucju zapadne obale Jadrana tradicija upotrebe groga ka-
rakteristi¢na je iskljucivo za bron¢anodobnu Terramare kulturu
na podrugju sjeverne Italije,** dok je na podrucju srediSnjeg i juz-
nog dijela zapadne obale Jadrana sa zaledem mnogo uclestalija
upotreba obiju sirovina, fragmenata stijena i kalcita zajedno s
grogom.“ Stoga, izbor groga ne smatra se uobi¢ajenomistalnom
lon¢arskom praksom na podru¢ju zapadne, osobito isto¢ne oba-
le Jadrana.Razloge nekiistrazivaci nalaze u dostupnostisirovine
i geoloskim znacajkama podrudja, gdje se odvijala proizvodnja.
Primjerice, prema rezultatima opseznih istrazivanja bron¢ano-

A much smaller number of analysed samples contain grog as
the only type of temper (16%). Much more often, grog was used
together with crushed rocks, predominantly sedimentary, and
calcite (29%). Grog is poorly represented in the samples (an av-
erage of 9.6%), except samples 67, 73 and 110, where grog is the
only type of temper, with a density of 20%. The grains are rela-
tively small in dimension, at 0.2-1 mm, and are partially rounded,
rarely angular; they are mostly transparent, brown in colour, and
their composition is similar to the composition of the matrix.
Therefore, itis assumed that the grog is made from fragments of
ceramic vessels made from similar raw material. To that extent,
grog can be characterized as an easily accessible, anthropogenic
raw material found within every settlement; and, in a functional
sense, it is similar to other non-plastic inclusions in its effect on
the mechanical properties of the vessel.** Grog has therefore
been used since the Neolithic, especially in the area of the Panno-
nian Plain, where it was a dominant tempering material mainly
during the Bronze Age.*> On the western Adriatic coast, the tradi-
tion of using grogin northern Italy is characteristic exclusively of
the Terramare culture.®3 In contrast, in the central and southern
part of the western Adriatic coast with its hinterland, the use of
both raw materials, rock and calcite, together with grog, is much
more frequent.* To that extent, the choice of grog is not consid-
ered a common tempering practice in the western and especially
the eastern Adriatic area. Some researchers find the reasons in

41 Rice 1987, 408; Velde, Druc 1999.

42 Kreiter 2007; Kudeli¢ 2018; Karavani¢, Kudeli¢ 2019, 82-84; Kudeli¢, Sirovi-
€a 2022, 140-141.

43 Cannavo et al. 2017, Cannavo, Levi 2018, 44.

44 Cannavd, Levi 2018, 54-57.

41 Rice 1987, 408; Velde, Druc 1999.

42 Kreiter 2007; Kudeli¢ 2018; Karavani¢, Kudeli¢ 2019, 82-84; Kudeli¢, Sirovi-
€a2022,140-141.

43 Cannavo et al. 2017; Cannavd, Levi 2018, 44.
44 Cannavo, Levi 2018, 54-57.
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dobnih loncarskih receptura u Italiji, usitnjene stijene i minerali
dominiraju na mnogo Sirem podrucju, dok grog dominira iskljuci-
vo na podrucjima koja su bogata sedimentima.«s

Medutim, razlog za izbor groga na podru¢ju s dugovje¢nom tra-
dicijom upotrebe kalcita, kao 5to je to podrucje Dalmacije, nije
izgledno traziti iskljucivo u geoloskim znac¢ajkama podru¢ja. Na-
ime, takva predindustrijska drustva imaju jasno definirane stil-
ske i tehnoloske okvire naslijedene od svojih predaka i razvijene
unutar svoje zajednice, a koristenje tradicionalnih materijala te
primjena naucenih i provjerenih tehnika izrade temeljna su na-
Cela loncarske prakse.s Tako naucena i naslijedena praksa preno-
si se generacijama, stvarajudi tradiciju i gradeci identitet.

U kontekstu ovog istrazivanja, praksa dodavanja groga moZe se
smatrati stranim elementom ugradenim u postojecu i dobro defi-
niranu loncarsku praksu, dok se prisutnost groga moze tumaciti
iz tehno-funkcionalne ili simboli¢ke perspektive. Stoga, valja raz-
motriti i ¢injenicu da je grog termic¢ki mnogo stabilniji materijal
u odnosu na kalcit, koji se raspada na temperaturama iznad 750
°C, ali i da vrlo mala koli¢ina groga, koji se nalazi u smjesi s domi-
nantno prisutnim kalcitom, nema utjecaj na mehanicka ili neka
druga svojstva. Samim time moZe se pretpostaviti da grog nije
koristen iz tehno-funkcionalnih razloga. S druge strane, ako je
grog izradivan od starije, razbijene posude, postupak ugradiva-
nja takvog materijala u novi predmet simbolizira odrzavanje kon-
tinuiteta i identiteta kao dijela individualne i drustvene prakse.
Takva je praksa zabiljeZena u loncarskim tradicijama etnoloskih
i arheoloskih zajednica kao sastavni dio njihove kulture.*” Upo-
treba groga u loncarstvu na podrucju Trogira, odnosno srednje
Dalmacije tijekom bron¢anog doba, moze se stoga tumaciti kao
tehnoloski izbor nastao pod utjecajem sloZenih drustveno-kul-
turnih ¢imbenika. Naime, grog kao dominantna primjesa nalazi
se iskljucivo kod analiziranih uzoraka (Sl. 8) sa stilskim znacajka-
ma cetinske keramike datirane u rano bron¢ano doba (nalaziste
Bristivica - Supljak) i na ulomku ranobroné¢anodobnog lonca iz
okolice Trogira (uzorak 110). Sli¢no je zabiljeZzeno preliminarnim
rezultatima petrografije keramike cetinske kulture, takoder s po-
dru¢ja srednje Dalmacije (gomile s nalazista Brnjice, Poljakusa i
Vucevica), gdje se grog navodi kao jedina lon¢arska primjesa.s
Osim kod ranobron¢anodobne loncarije, grog je koristeni zaizra-
du loncarije s nalazista Plano - Kraljeva ograda datiranog radio-
karbonskom metodom u kraj 17.i 16. st. pr. n. e, odnosno u sred-
nje bron¢ano doba. Loncarija datirana u kasno bronc¢ano doba
s morfoloskim karakteristikama starije, srednjobron¢anodobne
keramike® i dalje se izradivala koriste¢i mali udio groga zajedno

the availability of raw materials and the geological features of
the area where the production occurred. For example, accord-
ing to the results of extensive research into Bronze Age pottery
recipes in Italy, crushed rocks and minerals dominate in a much
wider area. In contrast, grog dominates exclusively in sedimen-
tary areas.

However, the reason for choosing grog in an area with a long-
standing tradition of using calcite, such as Dalmatia, is unlikely
to be found exclusively in the geological features of the area.
Such pre-industrial societies have clearly-defined stylistic and
technological frameworks inherited from their ancestors and
developed within their community. The use of traditional materi-
als and the use of learned and proven manufacturing techniques
are the basic principles of pottery practice. Therefore, learned
and inherited practice is passed down through the generations,
creating a tradition and building an identity.

In the context of this study, the practice of adding grog can be
considered as a foreign element incorporated into the existing
and well-defined pottery practice, while its presence can be in-
terpreted from a techno-functional or symbolic perspective. To
that extent, it is necessary to consider the fact that grog is a
thermally much more stable material than calcite, which decom-
poses at temperatures above 750 °C, but also that a very small
amount of grog, present within the dominantly calcite-tempered
fabric, does not affect the mechanical or other properties of the
vessels. By that alone, it can be assumed that grog was not used
for techno-functional reasons. On the other hand, for example,
if grog is made from fragments of older, broken vessels, the pro-
cess of incorporating an older vessel into a new object symbol-
izes the maintenance of continuity and identity of individual
and community practices. Such a practice is recorded in pottery
traditionsin ethnological and archaeological communities as an
integral part of their culture.#” The use of grog in pottery produc-
tion in the Trogir area, i.e. central Dalmatia, during the Bronze
Age can therefore be interpreted as a technological choice that
emerged under the influence of complex sociocultural factors.
In fact, grog as a dominant temper is found exclusively in the
samples analysed (Fig. 8) with stylistic features of Early Bronze
Age Cetinska pottery (the Bristivica - Supljak site) and on an Early
Bronze Age pot from around Trogir (sample 110). The prelimi-
nary results of the ceramic petrography of Cetinska pottery also
from the area of central Dalmatia (mounds at the sites of Brnjice,
Poljakusa and Vucevica) have shown similar results, where grog
is mentioned as the only tempering material.“® In addition to

45  Cannavd, Levi 2018, 48.

46 Shepard 1957, 164; Rice 1987, 118; Michelaki, Minc, O Shea 2002; Gossela-
in, Livingstone Smith 2005; Kreiter 2007; Gosselain 2008; Albero Santacreu et al.
2014.

47 DeBoer 1974, 336; Smith 1989, 61; Spindel 1989: 69; Chapman 2000; Briick
2006.

48  Gorietal 2019.

45  Cannavd, Levi 2018, 48.

46 Shepard 1957, 164; Rice 1987, 118; Michelaki, Minc, O Shea 2002; Gossela-
in, Livingstone Smith 2005; Kreiter 2007; Gosselain 2008; Albero Santacreu et al.
2014.

47 DeBoer 1974, 336; Smith 1989, 61; Spindel 1989: 69; Chapman 2000; Briick
2006.

48  Gorietal 2019.
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s kalcitom i usitnjenim stijenama, a od kasnoga bron¢anog doba
kalcit postaje dominantna lon¢arska primjesa.

Rezultati stoga ukazuju na vezu izmedu odabira primjesa i kro-
noloskih obrazaca, odnosno takva praksa mogla je biti povezana
s periodi¢nim utjecajima razli¢itih drustvenih faktora.

Tehnike izrade

Dokazi i interpretacija tehnika izrade keramickih posuda uglav-
nom se temelje na makroskopskoj analizi povrsine posuda, me-
dutim, pojedini dokazi o tehnikama oblikovanja mogu se pronacii
u mikrostrukturi materijala promatrajuci tanki izbrusak keramike.

Kod nekoliko uzoraka (62, 63, 69 i 74) u matriksu su prisutne za-
obljene finozrnate glinovite mase, bez krupnijih mineralnih in-
kluzija i bez primjesa koje zauzimaju izmedu 10 te najvise 15%
povrsine uzorka (SI. 9). Njihov je mineralni sastav uglavnom sli-
¢an sastavu matriksa, ili su mineralne inkluzije finije. Takve fino-
zrnate mase ukazuju na koristenje dviju glinovitih smjesa: jedne
s dodanom primjesom vrlo uglatog kalcita, veli¢ine izmedu 0,1
i 3 mm, te relativno visoke zastupljenosti, izmedu 25 i 30%, dok
druga masa predstavlja izvornu sirovinu bez dodanih primjesa.
To moze biti posljedica nedovoljno izmijeSane loncarske smje-
se, medutim, takve su glinovite mase uglavnom smjestene uz
vanjsku stijenku posude pa se pretpostavlja da je rije¢ o trago-
vima popravaka, odnosno popunjavanja prazninas* nastalih is-
padanjem grubih primjesa tijekom postupka gradnje posude ili
obrade njezine povrsine. U tom slucaju, za popunjavanje takvih
praznina loncar je koristio izvornu sirovinu, a ne sirovinu s pri-
mjesom kako bi izbjegao ponavljanje ,greske®.

Oblik i raspored pora i praznina u matriksu takoder mogu biti po-
kazatelji tehnike izrade. Vec¢ina uzoraka (66%) nema vidljive pore
ili su one rijetko prisutne, Sto ukazuje na dobro homogenizira-
nu smjesu, bez vidljivih negativnih utjecaja postupka susenja
ili termalnog stresa prilikom pecenja posuda. Kod 16% uzoraka
(57, 58, 59, 60, 81, 83) zabiljeZzene su tanke, uglavnom paralelno
orijentirane i gusto rasporedene pore. Njihov oblik i orijentacija
ukazuju na izrazitiji pritisak vrsen na stijenke zidova posude na-
stalih u fazi dok je glina jos uvijek plasti¢na, sto ukazuje na teh-

Early Bronze Age pottery, grog has also been recorded in pottery
from the site of Plano - Kraljeva Ograda, dated by the radiocar-
bon method to the end of the 17*" century BC and the 16" that
is, to the Middle Bronze Age. Late Bronze Age ceramics that have
the morphological characteristics of older, Middle Bronze Age
potterys were still made using a small proportion of grog along
with calcite and crushed stone, and from the Late Bronze Age cal-
cite became the dominant temper.

The results therefore indicate a correlation between tempering-
material selection and chronological patterns: that is, such a
practice could be related to the periodic influences of various
social factors.

Manufacturing techniques

The interpretation of manufacturing techniques is based mainly
on the macroscopic analysis of the vessel’s surface; however,
some evidence can also be found in the microstructure of the
material by observing the thin sections of ceramics.

In several thin sections (samples 62, 63,69 and 74), there are parts
of the clayey matrix which contain much fewerand much smaller
inclusions than the other parts, forming a kind of rounded clayey
mass that occupies between 10% and, at most, 15% of the sam-
ple’s surface (Fig. 9). Their mineral composition is mainly similar
to that of the matrix, or the mineral inclusions are finer. These
clayey massesindicate use of two clay pastes: one with an added
temper of very angular commonly present (25-30%) calcite, be-
tween 0.1 and 3 mm in size, while the second paste represents
the original raw material without added non-plastic temper. This
may result from an insufficiently mixed clay paste;* however,
such clay masses are located mostly along the outer wall of the
vessel, so it is assumed that these are traces of repairs,s i.e. the
filling of gaps created by the falling out of coarse tempering ma-
terial during the building of a vessel or the treatment of its sur-
face. In this case, the potters used the original raw material to
fill such gaps, not the raw material with added temper, to avoid
repeating the ‘mistake’.

The shape and arrangement of the pores and voids in the matrix
canalso beindicative of the manufacturing technique. In most of
the samples (66%), pores are either not visible or rarely present,
indicating a well-homogenized paste with no visible negative ef-
fects of drying or thermal stress during the firing process. In 16%
of the samples (57, 58, 59, 60, 81, 83), thin pores, mostly densely
distributed and oriented in parallel, were recorded. Their shape
and orientation indicate a more pronounced pressure exerted

49 Kriteriji podrazumijevaju nacin oblikovanja otvora (ostar prijelaz vrata u
tijelo) i ruba otvora posude (horizontalno prosiren, ravan rub) te strukturu kera-
mike koja ne odgovara znacajkama glavnine keramictke grade izodredenog kon-
teksta ili nalazista.

50 Quinn 2013, 175.
51 Sli¢an nacin popravka zabiljeZen je na videu Richarda Carltona kojim je

dokumentiran tradicijski loncar iz Potravlja u Dalmaciji (Pottery-making at Po-
travlje near Sinj in Dalmatia, Croatia 1990 & 1994; https:;//www.youtube.com/

watch?v=HrsFKs52_g8).

49  Thecriteriainclude the way of shaping the orifice (sharp transition of the
orificeinto the body) and the edge of the orifice of the vessel (horizontally wide-
ned, flat edge), and a ceramic fabric that does not match the characteristics of
other ceramics from the same context or site

50 Quinn 2013, 175.

51 Asimilar method of repair is recorded in Richard Carlton’s video docu-
menting a traditional potter from Potravlje in Dalmatia (Pottery-making at
Potravlje near Sinjin Dalmatia, Croatia 1990 & 1994; https://www.youtube.com/
watch?v=Hr5FKs52_q8).
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SLIKA 8. Zastupljenost loncarskih receptura u odnosu na dataciju lonca-
rije, EBA: rano bron¢ano doba; MBA: srednje bron¢ano doba; MBA/LBA
ulomci s morfoloskim karakteristikama srednjeg bron¢anog doba; LBA:
kasno bron¢ano doba (izradila A. Kudelic).

FIGURE 8. Representation of potters’ recipes in relation to pottery dating,
EBA: Early Bronze Age; MBA: Middle Bronze Age; MBA/LBA fragments with
morphological characteristics of the Middle Bronze Age; LBA: Late Bronze
Age (made by A. Kudelic).

niku izrade posude. Medutim, 18% uzoraka (64, 66, 68, 73, 84, 96 i
97) porozne teksture imaizduZzene, alimnogo Sire pore i praznine,
djelomicno orijentirane, pri Cemu smjesa nije potpuno homoge-
nizirana, $to ukazuje na primjenu drugacije tehnike izrade.

Istrazivanjem su prikupljene i informacije o temperaturama pe-
Cenja keramike. One se najcesce procjenjuju na temelju dvoloma
matriksa te putem mineralnih faza prisutnih u odredenom tem-
peraturnom rasponu. U slucaju keramike s trogirskog podrucja
dvolom matriksa je umjereno visok u vecini uzoraka, sto ukazuje
na to da temperature vjerojatno nisu prelazile 800 - 850°C.52 Na
sli¢ne rezultate ukazuje i difrakcijski maksimum filosilikata 104
(Mca) koji moze odgovarati dehidroksilaciji iliticne faze prisutne
na temperaturama do 900°C.33 U skladu je s time i prisutnost kal-
cita (Cal) u vecini uzoraka te vapna (Lime) u uzorku 75, €iji raspad
uslijed visoke temperature zapocinje na oko 700°C, dok te mine-
ralne faze u potpunostiizostaju natemperaturamaiznad 800°C.5
Ipak, prisutnost kalcita, odnosno takve mineralne faze, moze
odgovarati i sekundarno nastalom kalcitu iskristaliziranom u po-
rama uzorka nakon odlaganja. Mineraloska analiza uzorka 72 s
nalazista OrioviS¢ak ukazuje na prisutnosti mulita te istovreme-
ne odsutnosti filosilikata na 10 A. Transformacija odredenih filo-
silikata u mulit zapocinje na oko 800°C, dok su na temperatura-
ma iznad 1150°C filosilikati u potpunosti zamijenjeni mulitom.ss
Stoga, za uzorak 72 procjenjuje se izlaganje temperaturi visoj
od 1000°C, na $to dodatno ukazuje i djelomi¢no vitrificirani ma-
triks niskog dvoloma. Medutim, s obzirom na to da procijenjene
temperature pecenja za bron¢anodobnu keramiku na podrucju
Panonske nizine ne prelaze 800 - 850°C,5¢ izlaganje tako visokim
temperaturama vjerojatno je posljedica sekundarnog gorenja.
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on the vessel walls created in the phase when the clay is still
plastic, and indicating the manufacturing technique. However,
18% of the samples (64, 66, 68, 73, 84,96 and 97) with a porous tex-
ture have elongated but much wider pores and voids, partially
oriented, where the paste is not completely homogenized, which
indicates the application of a different production technique.

The research also collected information on the firing tempera-
tures of ceramics. They are often evaluated on the basis of ma-
trix birefringence and mineral phases in a certain temperature
range. In the case of ceramics from the Trogir region, the bire-
fringence of the matrix is moderately high in most samples,
which indicates that the temperatures probably did not exceed
800-850 °C.52 Similar results are indicated by the diffraction maxi-
mum of phyllosilicate 10 A (Mca), which may correspond to the
dehydroxylation of the illitic phase present at temperatures up
to 900 °C.33 This is consistent with the presence of calcite in most
samples and lime in sample 75, the decomposition of which, due
to high temperature, begins at around 700 °C, while these miner-
al phases are completely absent at temperatures above 800 °C.5
However, the presence of calcite, or such a mineral phase, may
also correspond to secondary calcite crystallizing in the pores
of the sample after deposition. Mineralogical analysis of sam-
ple 72 from the Orioviscak site indicates the presence of mullite
and the simultaneous absence of phyllosilicate at 10 A. Certain
phyllosilicates transform into mullite at around 800 °C, while at
temperatures above 1150 °C the phyllosilicates are completely
replaced by mullitess Therefore, for sample 72, exposure to a
temperature higher than 1000 °C is estimated, which is addition-
ally indicated by the partially vitrified matrix of low birefrin-
gence. However, given that the estimated firing temperatures for
Bronze Age ceramics in the Pannonian Plain area do not exceed
800-850 °C,%¢ exposure to such high temperatures is probably the
result of the secondary firing of the ceramics.

52 Quinn2013,191.
53 Cultroneetal 2001

54 Gruver 1950; Cultrone et al. 2001; Rodriguez-Navarro et al. 2009; Quinn
2013,191

55  Cultrone etal. 2001.
56  Kreiteretal 2007, 40; Kudeli¢ et al. 2018, 49.

52 Quinn2013,191.
53 Cultroneetal 2001

54 Gruver 1950; Cultrone et al. 2001; Rodriguez-Navarro et al. 2009; Quinn
2013,191

55  Cultrone et al. 2001.
56 Kreiter et al. 2007, 40; Kudeli¢ et al. 2018, 49.
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Zakljucak

Provedenim su istrazivanjem prikupljene nove informacije o
loncarskoj tehnologiji bronfanog doba na podrudju srednje
Dalmacije, a one predstavljaju jedini set podataka o mineralos-
ko-petrografskim znacajkama lonc&arskih sirovina koristenih ti-
jekom broncanog doba na podrudju isto¢ne obale Jadrana. Cilj
je istraZivanja ogranitene kolic¢ine uzoraka slijedio ideju priku-
pljanja podataka o sastavu lon¢arske smjese koriStene za izradu
keramickih posuda u razdoblju izmedu ranog i kasnoga bronca-
nog na podru¢ju srednje Dalmacije. Pretpostavka da priprema
loncarske smjese, izbori sirovina, kao i tehnika izrade, koji Cine
dio lanca operacija unutar sustava loncarske proizvodnje, pred-
stavljaju pokazatelje ne samo tehnoloskih ve¢idrustveno orijen-
tiranih znacajki, ukazivala je na potencijalno dobar i do sada na
ovim prostorima neprimijenjen istrazivacki smjer. Stoga, istrazi-
vacka su pitanja bila usmjerena na uocavanje karakteristika, ali i
razlika u lon¢arskoj praksi izmedu ranog i kraja kasnoga bron¢a-
nog doba, a potencijalne bi razlike pruzile moguc¢nost za razma-
tranjaiinterpretaciju rezultata u Sirem drusStvenom kontekstu.

U nastojanju da se prikupi relevantan uzorak, kriteriji izbora bili
su usmjereni na ve¢ objavljenu gradu, dijagnosticke ulomke ili
kontekst koji je datiran radiokarbonskom metodom te su oni
odabrani sa Sest razli¢itih nalazista na trogirskom podrucju. Iz
rezultata se doznaje da je za izradu posuda koristena lokalna,
lako dostupna glina. Takoder, razvidna je dugotrajna tradicija
upotrebe kalcita kojeg loncari namjerno dodaju glini i koji u po-
sljednjoj fazi bron¢anog doba postaje dominantna primjesa. S
druge strane, od ranoga bron¢anog doba lon¢ari smjesi dodaju i
grog, samostalnoili s kalcitom, te rjede usitnjenim sedimentnim
stijenama, a takva se praksa izgleda polako napusta od kasnoga
bron¢anog doba. Premda su obje vrste loncarske primjese dio
prirodnog, odnosno antropogenog okruzenja, pretpostavlja se
da razlike u odabiru primjesa nisu produkt samo dostupnosti
sirovine ili pozitivnih utjecaja na mehanickih svojstava, one pro-
izlaze iz slozenijih drudtvenih i kulturnih sfera. Osim toga, nacin
Zivota i smjerovi kretanja stanovniStva u lokalnom okruzenju
takoder predstavljaju niz faktora koji su mogli utjecati na tehno-
loSke izbore tijekom proslosti.

SLIKA 9. Zaobljena finozrnata glinovita masa, uzorak 63
(snimila N. Neral).

FIGURE 9. Fine-grained rounded clay mass, sample 63
(photo by N. Neral).

Conclusion

The conducted research gathered new information about the
pottery technology of the Bronze Age in the area of central Dal-
matia, and it represents the only set of data on the mineralogico-
petrographic features of pottery raw materials used during the
Bronze Age on the eastern Adriatic coast. The goal of researching
alimited number of samples followed the idea of collecting data
on the composition of the clay paste for making ceramic vessels
in the period between the early and late Bronze Age in central
Dalmatia. The preparation of the clay paste, and the choice of
raw materials, as well as the manufacturing techniques, form
part of the chain of operations within the pottery production
system, and these are assumed to represent a basis for the in-
terpretation of not only technological but also socially-oriented
decisions, and this indicates a potentially good and so far unap-
plied direction of researchin these areas. Therefore, the research
questions were aimed at noticing the characteristics and vari-
ability in pottery practice between the Early and the end of the
Late Bronze Age, and the potential differences would provide an
opportunity for consideration and interpretation of the results
in a wider social context.

Inan effort to collect arelevant sample set, the selection criteria
focused on material already published, diagnostic fragments or
contexts dated by the radiocarbon method, and these were se-
lected from six different sites in the Trogir area. The results show
that local, easily available clay was used for the production of
the vessels. A long-standing tradition of using calcite, which pot-
ters added to the clay, and which becomes the dominant temper-
ing material in the last phase of the Bronze Age, is also evident.
Ontheotherhand, fromtheEarly Bronze Age, pottersadded grog
to the paste, alone or with calcite, a practice that seems to have
beenslowly abandoned after the Late Bronze Age. Although both
types of tempering materials belong to natural oranthropogenic
environments, it is assumed that the choice of such materials is
notonlyinfluenced by their availability or positive effects on the
mechanical properties of the vessels, but also arises from more
complex social and cultural spheres. In addition, the way of life
and the direction of movement of the population in the local en-
vironment also represent a number of factors that could have
influenced technological choices during the past.
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TABLA 1 Ulomci keramickih posuda s nalazista u Trogiru: 1: uzorak 59; 2: uzorak
60; 3: uzorak 61; 4: uzorak 62; 5: uzorak 58; 6: uzorak 63; 7: uzorak 57 (izradila A.

Kudeli¢).

PLATE 1 Fragments of ceramic vessels from the site of Trogir: 1: sample 59; 2:
sample 60; 3: sample 61; 4: sample 62; 5: sample 58; 6: sample 63; 7: sample 57

(made by A. Kudelic).
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TABLA 2. Ulomci keramickih posuda s nalazista Vinisc¢e-Oriovis¢ak: 1: uzorak 68; PLATE 2. Fragments of ceramic vessels from the Vinis¢e-Oriovis¢ak site: 1: sam-
2: uzorak 69; 3: uzorak 70; 4: uzorak 71; 5: uzorak 72; 6: uzorak 73 i nalazista Mari- ple 68; 2: sample 69; 3: sample 70; 4: sample 71; 5: sample 72; 6: sample 73, and
na - Drid: 7: uzorak 75; 8: uzorak 77; 9: uzorak 76 (izradila A. Kudelic). Marina - Drid site: 7: sample 75; 8: sample 77; 9: sample 76 (made by A. Kudeli¢).
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TABLA 3. Ulomci keramic¢kih posuda s nalazista Seget Gornji-Sutilija: 1: uzorak PLATE 3. Fragments of ceramic vessels from the Seget Gornji-Sutilija site: 1:
78; 2: uzorak 79; 3: uzorak 80; 4: uzorak 81; 5: uzorak 82; 6: uzorak 83; 7: uzorak 84; sample 78; 2: sample 79; 3: sample 80; 4: sample 81; 5: sample 82; 6: sample 83; 7:
8: uzorak 86; 9: uzorak 87; 10: uzorak 98 (izradila A. Kudeli¢). sample 84; 8: sample 86; 9: sample 87; 10: sample 98 (made by A. Kudeli¢).



