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Autor u radu razraduje mogucnost postojanja odredenih razlika
u tragovima kamenarskih alata unutar antickih, srednjovjekov-
nih, a dijelom i ranonovovjekovnih kamenoloma. Spomenuti
tragovi ocituju se u obliku strija na liticama eksploatiranih di-
jelova kamenoloma. Na temelju analize kamenoloma koji sa-
drze dovoljno elemenata za poblizu dataciju, autor zakljucuje
da postoje znacajne razlike izmedu antickih i srednjovjekovnih
kamenoloma i to u gustoéi, smjeru i dubini strija te znacajnije
razlike u tlocrtu i nacinu Sirenja kamenoloma.

KLJUCNE RIJECI: Ramenarske tebnike, kamenolomi, tragovi alata,
Dalmacija

Prostor danasnje Dalmacije obiluje vidljivim osta-
cima starih kamenoloma. Prve, jasno vidljive, ek-
sploatacijske zone primjetne su u kamenolomima
za izgradnju megalitskih bedema iz razdoblja od
nekoliko stoljeca prije Krista. Najveéi kamenolomi
otvaraju se upravo u razdoblju potpadanja cjeloku-
pnog prostora hrvatske obale pod rimsku upravu.
Prekid je uvjetovan upadom barbarskih skupina u
6. stolje¢u, medutim moze se reci da se intenzivnija
upotreba arhitektonskoga kamena nastavlja u ra-
zvijenom srednjem vijeku, sve do danas. Cilj ovoga
istrazivanja je: analizom vidljivih faza kamenoloma
koji daju najbolju dataciju pokusati odrediti eventu-
alne razlike u kamenarskoj tehnici, tj. utvrditi even-
tualne razlike u tragovima alata koji se prepoznaju
na preostaloj stijenskoj masi.
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TOOL TRACES

IN THE CLASSICAL
ANTIQUITY AND
MEDIAEVAL QUARRIES OF
DALMATIA AS AN AID IN
THE CHRONOLOGICAL
DEFINITION OF INDIVIDUAL
STAGES OF EXPLOITATION

This paper analyses the possibility of the existence of certain dif-
ferences in the traces of quarrymen’s tools in Classical Antiquity,
mediaeval, and certain early modern era quarries. The afore-
mentioned traces are evident in the form of striae on rocks in
the exploited parts of the quarries. Based on analyses of quarries
containing a sufficient amount of elements for closer dating, the
paper concludes that there are significant differences between
Classical Antiquity and mediaeval quarries in terms of the den-
sity, direction and depth of the striae, as well as important dif-
ferences in the layout and expansion of the quarries.

KEY WORDS: stone masonry techniques, quarries, tool traces,
Dalmatia

The area of present-day Dalmatia is rich in the vis-
ible remains of old quarries. The first, clearly vis-
ible areas of exploitation can be seen in quarries
exploited for the construction of megalithic forti-
fication walls from several centuries BC onwards.
The largest quarries were opened in the period when
the entire Croatian coastal area came under Roman
rule. Their exploitation ceased with the invasion of
Barbarian groups in the 6™ century. However, the
intense use of architectural stone has continued from
the High Middle Ages up to the present. The aim of
this study, based on an analysis of the visible stages
of the quarries which provide the best dating, is to
try to classify possible differences in quarrying tech-
niques, i.e. to identify possible differences in the tool
traces recognisable in the remaining rock mass.
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Pocetkom treceg tisuClje¢a prije Krista, za vri-
jeme Prve egipatske dinastije, moguce je da su za-
poceli prvi kamenarski radovi u lezistima vapnenca
na isto¢noj obali Nila u blizini grada Memfisa, a taj
fini bijeli vapnenac koristen je za gradnju grobnica.!

Za vrijeme Druge dinastije pojavljuju se pazljivo
oblikovani vapnenacki blokovi, koriSteni u gradnji
grobnica, no u vrijeme iste dinastije pocinje i upo-
treba vecih granitnih blokova.? Tijekom Cetvrte i
Pete dinastije dokazano je i sustavno vadenje ba-
zaltnih blokova.* Kamenarstvo, u svojem punom
znadenju, zapocinje umjetnim odvajanjem velikih
blokova od mati¢ne stijene, reguliranim procesom
tehnike uklesavanja kanala oko Zeljenog bloka ko-
jim se blok odvaja od mati¢ne stijene, a najbolji
primjer je eksploatacija na ravnom terenu kada se
formira mreza kanala koji u¢inkovitije iskoristavaju
ulozenu energiju kamenara.* Kanal kojim se odva-
ja kameni blok u veéini krajeva danasnje Dalmacije
naziva se pasarin. Izraz ,pasarin®“ koristit e se i u
ovom radu.

Tehnika uklesavanja pasarina oko zeljenog blo-
ka na hrvatskoj obali i otocima zapocinje potpa-
danjem ovih krajeva pod rimsku upravu. Jo$ nije
potpuno jasno jesu li se i grcki kolonizatori na juz-
nodalmatinskim otocima sluzili ovom tehnikom.
Dokaze o koristenju kamenoloma iz doba grcke
kolonizacije u Dalmaciji nalazimo u uvali Srebre-
na na otoku Visu, gdje je u otpadnim gomilama
pronadeno vise ulomaka keramickog materijala
koji se moze datirati u 3. stoljece prije Krista.® Ar-
heoloski materijal iz Srebrene na Visu nesumnjivo
je dokaz koriStenja kamenoloma u 3. stoljecu prije
Krista, no zbog moguce identi¢ne tehnike eksploa-
tacije tesko je razdijeliti helenisticki dio od, nesto
kasnijega, rimskog dijela kamenoloma.

Opéenito gledajuéi potpuna primjena tehnike
odvajanja kanalima zapocinje na prostoru Dalmaci-
je dolaskom pod rimsku upravu, no ona traje i kroz
cijeli srednji, ali i novi vijek, kada se katkad javlja
u kombinaciji s drugim tehnikama koje ukljucuju
rucna svrdla, barut te Zeljezne klinove za odvajanje
nepravilnih kamenih blokova.
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At the beginning of the third millennium BC, dur-
ing the first Egyptian Dynasty, possibly the first quar-
ry works commenced in the limestone layers on the
eastern banks of the Nile in the vicinity of the town
of Memphis. The fine white limestone was used for
the construction of tombs.!

During the Second Dynasty, carefully shaped
limestone blocks appeared and were also used in the
construction of tombs. In the course of the same dy-
nasty, the quarrying of larger granite blocks started.”
The systematic quarrying of basalt blocks has also
been confirmed during the Fourth and Fifth Dynas-
ties.?> Quarrying in its full sense started with the arti-
ficial separation of large blocks from the parent rock
in a controlled process using the technique of cut-
ting a channel around the desired block to separate it
from the parent rock. The best example is exploita-
tion on a flat surface, when a network of channels is
formed to utilise the energy of the stonecutter more
efficiently.* The channel used to separate stone blocks
from the rock in most of the regions of present-day
Dalmatia is called a pasarin in Croatian.

The technique of chiselling a pasarin around
the desired block on the Croatian coast and islands
started after they had come under Roman rule. It
has still not been completely clarified whether Greek
colonists on the southern Dalmatian islands also
used this technique. Evidence of the use of quarries
from the period of Greek colonisation in Dalmatia
has been found in Srebrena Bay on the island of Vis,
where several shards of pottery artefacts that can be
dated to the 3" century BC were unearthed in rubble
heaps.® Archaeological artefacts from Srebrena on
Vis undoubtedly confirm the use of quarries in the
3 century BC. However, due to possible identical
exploitation techniques it is hard to distinguish be-
tween the Hellenistic part of the quarry and its some-
what later Roman counterpart.

Generally speaking, the technique of separating
blocks with channels started to be applied in Dalma-
tia after it had come under Roman administration
but also took place throughout the Middle Ages, as
well as in the modern era, where it sometimes occurs
combined with other techniques, which include hand
drilling, gunpowder, and iron wedges for separating
irregular stone blocks.
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Valja naglasiti kako su kamenolomi vrlo pro-
blemati¢ni za datiranje iz nekoliko razloga. Cesto
se u izvornim antickim kamenolomima u kasnijim
razdobljima vadio kamen, a u nekim slu¢ajevima
su se potpuno unistili tragovi originalnoga kame-
noloma.

Ono $to je vazno za poznavanje problematike
vadenja kamena jest i Cinjenica da hrvatska obala
jadranskog mora sadrzi mnostvo ocuvanih kame-
noloma, vazna je i neurbaniziranost i zastiCenost
otoka, a sacuvano je i mnostvo arhivskih podataka.
Sveukupno, ocuvani su dobri elementi za precizniju
dataciju odredenih kamenoloma.

Ako se sagleda tehnika vadenja arhitektonskog
vapnenca pasarinima, moze se re¢i da postoje tri
osnovne faze: prva je faza rimske uprave i kasne
antike, druga je srednjovjekovna faza, a treca je
novovjekovna faza. Karakteristicno za sve faze,
kada je rije¢ o vadenju kvalitetnoga arhitekton-
skog vapnenca, je da se primjenjuje tehnika odva-
janja kamenih blokova kanalima, opcenito gleda-
juci od antike do pojave helikoidne Zice za strojnu
eksploataciju sredinom 20. stoljeca.

Analizom vise od Cetrdeset kamenoloma ras-
poredenih duz dalmatinske obale i otoka, doslo se
do zakljucka kako tragovi alata koji su sacuvani
na stijenama kao posljedica vadenja blokova pa-
Sarinima, bez obzira na sli¢nosti, ipak pokazuju
odredene specificnosti u gustoci, smjeru te dubi-
ni iskopa. S druge strane primjetne su i odredene
razlike u tlocrtu pojedinih kamenoloma iz kojih
se mogu i$Citati i razlike u nacinu i intenzitetu ek-
sploatacije.

Iako vecinu obradenih kamenoloma nije moguce
precizno datirati, nekoliko ih se moze precizno da-
tirati na temelju arheoloskih predmeta, infrastruk-
turnih objekata, i naposljetku, uz pomo¢ arhivskih
podataka. Upravo su kamenolomi s najpreciznijom
datacijom u ovom radu koristeni kao najbolji argu-
menti za donosenje pojedinih zakljucaka.

Jedan primjer iz velikih kamenoloma Sv. Ili-
je kod grada Trogira, ¢iju kvalitetu istice i Plinije
(Naturalis Historia, 111, 141), potaknuo je na pret-
postavku o postojanju mogucnosti da tragovi alata
na preostaloj litici kamenoloma mogu odredivati
starost eksploatacije. Na fotografiji na Sl. 1. su ja-
sno vidljivi tragovi razli¢itih alata i tehnika, jedni
nasuprot drugima. Na fotografiji s lijeve je strane
vidljiva litica starije, vjerojatno anticke faze kame-
noloma. Na prvi pogled vidljiva je starija patina na
stijenskoj masi, zatim tragovi pasarina koji govore
o tezim alatima koriStenim u eksploataciji, smjer
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It should be pointed out that quarries are very
problematic in terms of dating for several reasons.
Stone frequently continued to be extracted from orig-
inal antique quarries in later periods, and in some
cases traces of the original quarries were completely
destroyed.

In discussing the issue of stone extraction, it
should be emphasised that the Croatian Adriatic
coast contains a number of preserved quarries. They
are in non-urban, sheltered areas, and numerous ar-
chive data have been preserved. As a result, impor-
tant elements for the precise dating of certain quar-
ries have survived.

We can say that the technique of extracting archi-
tectural limestone by using channels falls into 3 basic
periods: the Roman and Late Antiquity stage, the me-
diaeval stage, and the modern era stage. When it comes
to extracting high-quality architectural limestone, a
typical technique used in all stages, from the Classical
Antiquity period until the appearance of helicoid wire
for exploitation by machine in the mid-20% century, is
that of separating stone blocks with channels.

An analysis of more than 40 quarries along the
Dalmatian coast and islands suggests that the tool
traces preserved on rocks as a result of extracting
blocks by using channels, regardless of their similari-
ties, also demonstrate certain specific traits, such as
the density, direction and depth of the quarrying. On
the other hand, certain differences in the layout of in-
dividual quarries are noticeable, which suggests dif-
ferent methods and intensity of exploitation.

Although most of the studied quarries cannot be
precisely dated, several quarries can be chronologi-
cally determined based on archaeological artefacts,
infrastructural features, and finally the help of ar-
chive data. In this paper, the quarries with the most
precise dating were used as the strongest arguments
for drawing certain conclusions.

An example from the large quarry of Sveti Ilija
[St. Elijah] near the town of Trogir, whose quality
was even mentioned by Pliny (Naturalis Historia, 111,
141), supported the assumption that the tool trac-
es on the remaining quarry rocks could possibly be
the key to determining the period of exploitation. In
the photo (Fig. 1), the traces of different tools and
techniques, one set opposite the other, are clearly vis-
ible. On the left side of the photo, an older, prob-
ably classical antique phase of the quarry is visible.
At first glance, an older patina is visible on the rock
mass itself, as well as traces of the channel (pasarin),
suggesting heavier tools being used in the exploita-
tion. The direction of movement is always from left
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SL. 1./ FI1G. 1.

Pogled na sjevernu i juznu liticu kamenoloma Sv. Ilija s vidljivim tragovima alata (foto: M. Parica).

View of the northern and southern face with visible tool traces (photo by M. Parica).

kretanja je uvijek slijeva nadesno, a strije govore i
o izradi vrlo dubokih pasarina u jednom sloju.

Litica na Sl. 1. na desnoj strani ima sasvim
drugacije odlike. Patina na stijeni je manje izra-
Zena, strije na litici kamenoloma su znatno gusce,
pasarini su pli¢i (oko 30 cm) te je jasno vidlji-
va promjena smjera koja govori o smjeru ukle-
savanja pasarina; jedan sloj u jednom smjeru, a
drugi sloj u drugom. Ova promjena u smjerovima
dokazuje i da je lijevi dio kamenoloma veé bio
iskoriSten, a na sadasnjoj granici zavrSetak mu
je vijerojatno bio u obliku pravog kuta. Promje-
nu smjerova omogucuje otvoreni prostor starijeg
kamenoloma. Ovaj primjer je dokaz o dvije faze
kamenoloma koje, iako dijele istu tehniku ruc-
noga kopanja kanala, pokazuju razliku u gustoci
tragova alata na litici kamenoloma te dubinu pa-
Sarina koji se kopa u jednom sloju.

Spomenuti podaci naveli su i autora ovoga
teksta da uz pomo¢ eksperimenta provjeri trago-
ve alata razlicitih tezina koji ostaju na kamenu pri
ekstrakciji kamenog bloka. Unutar jednoga deva-

to right, while the striae also indicate extraordinarily
deep channels in one layer.

The face on the right side in Figure 1 is entirely
different. The rock patina is less pronounced, the stri-
ae on the face of the quarry are significantly denser,
the channels are flatter (approximately 30 cm), and
a change in the direction of chiselling the channel is
clearly visible: there is a layer stretching in one direc-
tion, followed by another stretching in another. The
change in direction also confirms that the left part of
the quarry had already been used, and at the present
border its ending probably formed a right angle. The
change in direction is made possible thanks to the
open area of the older quarry. This example repre-
sents evidence of two phases in the quarry which, al-
though using the same technique of manually digging
channels, demonstrate a difference in the density of
the tool traces on the face of the quarry and the depth
of the channel dug in a particular layer.

The mentioned data led the author of this paper to
conduct an experiment, checking the traces of tools of
various weights that remain on the stone when extract-
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SL. 2./ F1G. 2.

Tragovi strija od dvosilja tezine dva kilograma (foto: M. Parica).

Traces of striae from a two-spiked 2-kg hammer (photo by M. Parica).

stiranog kamenoloma arhitektonskog vapnenca
kanalima je izdvojen kameni blok s tri strane. Di-
menzije bloka su 45 x 75 cm, a dubina kanala je
45 cm. U ovom eksperimentalnom radu koristeni
su Cekiéi sa Siljkom razlicite tezine. Alat tezine dva
kilograma koristen je za izradu pasarina s jedne
strane kamenog bloka (Sl. 2.), a tezi dvosilj od Sest
kilograma koriSten je za kopanje paSarina s pre-
ostale strane bloka (SI. 3.). Tragovi koji su ostali
na litici jasno pokazuju da razli¢ita tezina alata
ostavlja vidno drugadije tragove na stijeni. Cekié
od dva kilograma ostavlja puno gusée tragove stri-
ja od cekica od Sest kilograma, a i strije lakseg Ce-
kica su ravne, dok tezi dvosilj radi strije koje imaju
odredenu zakrivljenost. Iako je duljina na kojima
se mogu mjeriti strije suvise mala, moze se okvirno
odrediti broj strija u duznome metru. Laksi ¢ekic¢
ostavio je okvirno 30 do 40 strija na duznome me-
tru, dok je tezi ostavio od 15 do 20.

ing a stone block. In a devastated architectural lime-
stone quarry, a stone block was separated by channels
on three sides. The dimensions of the block were 45
x 75 c¢m, and the depth of the channel was 45 cm.
For this experiment, hammers with spikes of various
weights were used. Those lighter than 2 kilogrammes
were used to make a channel on one side of the stone
block (Fig. 2). A heavier two-spiked hammer, weigh-
ing 6 kilogrammes, was used for hammering a channel
on the remaining side of the block (Fig. 3). The traces
that remained on the face clearly demonstrate that
tools of different weights leave different traces in the
rock. A 2-kg hammer leaves much denser traces than
a 6-kg hammer, and the striae of the lighter hammer
are straight, while the heavier two-spiked hammer
produces somewhat curved striae. Although the striae
can only be measured over a short distance, it is pos-
sible to approximately classify the number of striae in
a linear metre. The lighter hammer left approximately
30 to 40 striae per linear metre, while the heavier one
left 15 to 20.
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St. 3./ F1G. 3.

Kameni blok odvojen pasarinima (foto: M. Parica).

Stone block separated by channels (pasarini) (photo by M. Parica).

Metoda mjerenja broja strija na liticama kame-
noloma podrazumijeva nekoliko ¢imbenika koji se
moraju uzeti u obzir. Strije se mjere na sredi$njim
(glavnim) dijelovima litice kamenoloma, tj. na di-
jelovima koji zasigurno pripadaju odredenoj fazi
eksploatacije, dok se periferni dijelovi, na kojima je
Cesto vidljivo vadenje samo jednog bloka, ne uzima-
ju u obzir jer su se iz antickih i srednjovjekovnih ka-
menoloma u novom vijeku Cesto vadili pojedinacni
blokovi za izradu spremnika (kamenica) za drzanje
maslinova ulja.

Okomito na strije mjeri se broj ispupcenja ili
ulegnuéa u duzini od jednog metra (SI. 4.). Ako
nigdje na litici ne postoji kvalitetno vidljiv segment
od jednog metra, mogu se mjeriti i manje duzine
te se mnozenjem moze doéi do odgovarajuce vri-
jednosti. Iz Zeljenog segmenta kamenoloma bolje
je uzeti viSe mjerenja te na kraju odrediti srediSnju
prosjec¢nu vrijednost. Pri mjerenju je vazno izbjega-
vati pocetne, gornje dijelove izrade pasSarina, zatim
izbjegavati zavrsne i kutne segmente. I nadalje, ne

When measuring the number of striae on the faces
of the quarry, several factors need to be considered.
The striae are measured on the central parts of the
face of the quarry, on parts which definitely belong
to a certain exploitation phase, while the peripheral
parts, in which frequently the extraction of only one
block is visible, are not taken into consideration,
since classical antique and mediaeval quarries were
often exploited in the modern era for extracting indi-
vidual blocks for the construction of stone containers
for olive oil storage.

Vertically to the striae, a number of protrusions
or hollows of one metre in length are measured
(Fig. 4). If there are no clearly visible segments of
one metre on a face, then smaller lengths can also
be measured and multiplied in order to reach a cor-
responding value. It is advisable to take several meas-
urements in the desired quarry segment, and in the
end determine the mean value. While measuring, it
is important to avoid the initial, upper parts of the
channels, as well as the ends and corner segments.
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SL. 4./ F1G. 4.

Tragovi strija na litici kamenoloma (foto: M. Parica).
Traces of striae on the face of a quarry (photo by M. Parica).

mjeriti pozicije na litici kamenoloma gdje je vidljivo
popravljanje pasarina. Idealni su dijelovi s jasno vid-
ljivim pravilnim strijama na litici kamenoloma.

Da bi dobiveni rezultati imali znanstvenu vri-
jednost, u precizniju analizu uvrsteni su iskljucivo
lokaliteti, ili dijelovi lokaliteta, koji imaju preciznu
dataciju. U ovu skupinu ubrajaju se lokaliteti: oto-
¢i¢ Kamenjak kod Ista, Otavac kod Popovica, Ovca
na Dugom otoku, Suva lokva kod Zaboriéa, Sv. Ilija
kod Trogira i otoci¢ Vrnik kod Korcule.

IST - KAMENJAK

Kamenjak je otok na otvorenom moru (Sl. 5), juz-
no od otoka Ista te zapadno od otoka Molata. Na
njemu se jasno razabiru ostaci Sest pojedinacnih ka-
menoloma iz razlicitih razdoblja. Otok je graden od
vrlo kvalitetne sirovine arhitektonskog poluprozir-
nog vapnenca koji izgledom podsjeca na mramor.
Kamenolom oznacen brojem 1 (Sl. 6.) smjesten
je na sredisnjem dijelu sjeverne obale Kamenjaka,®
a rijeC je o kamenolomu s pravilnim tlocrtom veli-
¢ine cca 7 x 7 m. Sacuvane su i pravilne okomite
stranice, a na dnu kamenoloma vidljivi su i tragovi
kanala od pasarina. Specificnost kamenoloma 1 je
u tome $to se dno eksploatacijskog otkopa nalazi
oko 130 cm ispod danasnje prosje¢ne morske ra-
zine (SI. 7.). Dio kamenoloma na morskoj strani je
na razini dna otvorenog kopa pa su udari morskih
valova odnijeli sav kameni materijal s baze te je ona

6  Prvi pregled 2000. godine: S. GLUSCEVIC, 2001, 46.
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In addition, measuring the position on a face where
repairs to the channel are visible should be avoided.
The ideal parts for measuring are those with clearly
visible regular striae on the quarry face.

In order for the obtained results to have scien-
tific validity, the analysis only included sites, or parts
of sites, which have a precise dating. This group in-
cludes the following sites: Kamenjak near the island
of Ist, Popovici in Otavac, Ovca on Dugi Otok, Suva
Lokva in Zaborié, Sveti Ilija in Trogir, and Vrnik off
Korcula.

IST - KAMENJAK

Kamenjak is an island situated in the open sea (Fig.
5), south of the island of Ist and west of the island of
Molat. The remains of six individual quarries from
different periods can be clearly identified. The island
is constituted of high quality architectural semi-
transparent limestone, the appearance of which is
reminiscent of marble.

The quarry, marked with 1 (Fig. 6), is situated in
the central part of the northern coast of Kamenjak.°
It is a quarry with a regular layout, approximately
7 x 7 m. Regular vertical sides have been preserved,
and at the very bottom of the quarry, traces of the
channels are also visible. The specific feature of
quarry 1 is that the bottom of the exploitation dig
is situated approximately 130 cm below the present-

St. 5./ F1G. 5.

Satelitska snimka otoka Kamenjak (izvor: Arkod).
Satellite image of the island of Kamenjak (source: Arkod,).

6  The first survey in 2000: S. GLUSCEVIC, 2001, 46.
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S1. 6./ F1G. 6.
Kamenolom 1 na Kamenjaku (foto: M. Parica).
Quarry 1 on Kamenjak (photo by M. Parica,).

St. 7./ FiG. 7.

Dio kamenoloma 1 na Kamenjaku koji se nalazi ispod razine mora s vidljivim dnom pasarina te strijama na litici kamenoloma
(foto: M. Parica).

Part of Quarry 1 on Kamenjak, which is below sea level, with the visible bottom of the channel and with striae on the face
(photo by M. Parica).
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SL. 8./ FiG. 8.
Tragovi koristenja eksploziva i kunjere u kamenolomu 2 na Kamenjaku (foto: M. Parica).
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Traces of the use of explosives and grooves (kunjera) in quarry 2 on Kamenjak (photo by M. Parica).

ostala vidljiva. Zahvaljujuci spomenutom procesu,
vidljivi su i tragovi pasSarina kojim su izolirani ka-
meni blokovi, a na liticama su na pojedinim mjesti-
ma ocuvani tragovi strija od dvosilja. S obzirom na
pravilnost kvadratnog tlocrta, koristenje iskljucivo
pasarina za ekstrakciju blokova te ¢injenicu da je
dno kamenoloma 1,3 m ispod danasnje morske ra-
zine, kamenolom 1 na Kamenjaku moze se datirati
u vrijeme antike.

Kamenolom 2 (Sl. 8.) se nalazi tridesetak meta-
ra zapadno od kamenoloma 1. Litice su nepravilne
te se jasno vide ostaci rupa od ru¢nog svrdla i na-
prsline stijene kao posljedica koristenja baruta. Sli-
ka 8. prikazuje trag ru¢nog svrdla i horizontalnu
kunjeru (utor ,,V* oblika) nastalu nakon lomljenja
stijene barutom. Otpadni materijal razbacan je u
podnozju spomenutih ostataka. Na temelju kori-
Stenja baruta, kamenolom 2 moze se datirati u raz-
doblje novog vijeka.

day average sea level (Fig. 7). The part of the quarry
situated on the coastal side is at the level of the bot-
tom of the open dig, so that the waves have swept
away all the stone material, thus uncovering the base.
As a consequence of this process, the traces of chan-
nels used for isolating stone blocks are also visible,
and on the faces, in certain spots, traces of striae
from two-spiked hammers have been preserved. Giv-
en the regularity of the square layout, the exclusive
use of channels for the extraction of blocks, and the
fact that the bottom of the quarry is 1.3 m below the
present-day sea level, Quarry 1 on Kamenjak can be
dated to the period of Classical Antiquity.

Quarry 2 (Fig. 8) is situated approximately thirty
metres west of Quarry 1. The faces are irregular, with
clearly visible remains of holes made by a hand drill
and cracks in the rocks which are a consequence of
the use of gunpowder. Figure 8 represents the trace
of a hand drill and a horizontal crack which is a con-
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S1.9./ FiG. 9.

Kamenolom 3 na Kamenjaku (foto: M. Parica).
Quarry 3 on Kamenjak (photo by M. Parica,).

Kamenolom 3 smjesten je na juznoj obali otoka
(SL. 9.). Tlocrtni mu je oblik trokut s pravim kutom
u sredi$njem dijelu. Eksploatacija je vrsena isklju-
¢ivo tehnikom kopanja pasarina i to gotovo u cje-
lokupnoj visini litice. Oc¢uvan je i ostatak pasSarina
pretpostavljene Sirine od 50 c¢cm. Datiranje ovoga
kamenoloma moze se izvesti na temelju nekoliko
¢injenica. Tlocrtno se razlikuje od antickih kameno-
loma na otoku (kamenolomi 1 i 6). Razlikuje se i od
nepravilnih novovjekovnih kamenoloma gdje su ko-
risteni neprekidni utori za klinove “V” oblika koji se
tradicijski nazivaju kunjere, te dijelovi gdje su stijene
razbijane barutom. Stoga se opcenito ovaj kameno-
lom moze smjestiti izmedu anticke i novovjekovne
faze. Jos toc¢niju kronolosku odrednicu moguce je
potraziti prema arhivskom podatku o oltarnoj plo-
¢i i pregradi svetiSta sa stupi¢ima, stopama, glavi-
cama i arkadicama, koju je 1404. godine isklesao
Dubrov¢anin Andrija Juricevi¢ na nekom ,,otoci¢u

sequence of the use of gunpowder. Waste material is
scattered around the foot of the mentioned remains.
Given the use of gunpowder, Quarry 2 can be dated
to the modern era.

Quarry 3 is situated on the southern coast of
the island (Fig. 9). The layout has a triangular form
with a right angle in the central part. Exploitation
was carried out solely through the technique of
hammering channels, which was done almost up
the entire height of the face. The remains of chan-
nels with an assumed width of 50 cm have also
been preserved. The dating of the quarry is possible
based on several facts. In the first place, the layout
varies from that of the Classical Antiquity quarries
on the island (Quarries 1 and 6). It also varies from
irregular modern-era quarries, where uninterrupted
grooves for V-shaped wedges were used (tradition-
ally called kunjera), and there are parts where rocks
were blasted with the use of gunpowder, which can



ARCHAEOLOGIA ADRIATICA VIII (2014), 51-80

61

SL. 10./ F1G. 10.

Litica kamenoloma 4 na Kamenjaku (foto: M. Parica).
Face of Quarry 4 on Kamenjak (photo by M. Parica).

kamenoloma“ kraj Molata, za crkvu sv. Augustina
u Fermu.” [ako je otoci¢ Kamenjak nesto blize otoku
Istu nego Molatu, vjerojatno je rije¢ upravo o Kame-
njaku jer je Molat znatno veci otok te su se u razdo-
blju srednjeg vijeka referirali na njega.

Kamenolom 4 (Sl. 10.) ima gotovo iste karak-
teristike kao i kamenolom 3. Koristeni su pasarini
radeni laksim dvosiljem cijelom visinom litice. Izvor-
ni tlocrt vjerojatno je takoder bio u obliku istokrac-
nog trokuta, medutim novovjekovne devastacije
na isto¢noj litici znac¢ajno su poremetile originalni
tlocrt. Kamenolom 4 moze se slobodno staviti u isti
kronoloski kontekst kao sto je to slucaj i kod kame-
noloma 3.

Kamenolom 5 (SI. 11.) predstavlja jednu Siru
zonu na kojoj je o¢uvano mnostvo tragova eksplo-
atacije kamena, kao $to su ostaci rupa od ruénih

7 C.FISKOVIC, 1959, 32.

generally be dated to between Classical Antiquity
and the modern era. An even more precise dating
can possibly be determined based on archive data
concerning an altar panel and altar screen with pil-
lars, base plates and arcades, carved in 1404 by
the Dubrovnik stonemason Andrija Juricevi¢ from
stone from a quarry on an islet near Molat for the
Church of St. Augustus in Fermo.” Although the
islet of Kamenjak is somewhat closer to the island
of Ist than to the island of Molat, it must have been
Kamenjak, as Molat is significantly larger and was
referred to in the Middle Ages.

Quarry 4 (Fig. 10) has almost the same charac-
teristics as Quarry 3. The channels were hammered
out with a lighter two-spiked hammer along the en-
tire height of the face. The original layout probably
also had the form of an isosceles triangle, although

7 C.FISKOVIC, 1959, 32.
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SL. 11./FI1G. 11.

Podruéje kamenoloma 5 na Kamenjaku (foto: D. Vujevic).
Avrea of Quarry 5 on Kamenjak (photo by D. Vujevié).

svrdala, izlomljene stijene od eksplozija baruta, ho-
rizontalne i vertikalne kunjere te ostaci pojedinac-
nih utora za klinove. Zona kamenoloma 5§ moze se
okvirno datirati u novovjekovno razdoblje, posebice
zbog koriStenja baruta. Kunjere i utori za metalne
klinove koriSteni su istodobno s uporabom baruta.
Na periferiji zone kamenoloma 5, na prirodnoj litici
koja ne sadrzi nikakve tragove alata, nalaze se ukle-
sana glava u reljefu (SI. 12.) i tri kriza. Glava se na-
lazi na oko Cetiri metra visine od tla. Uz kriz najblizi
glavi uklesana su slova “S C”.

Kamenolom 6 (Sl. 13.) smjeSten je na sjeveroi-
sto¢nom kutu Kamenjaka. Rije¢ je o pravokutnoj
penetraciji u otok duzine 13 m, a Sirine 6 m. Litice
kamenoloma su okomite i pravilne, no poprili¢no
osteCene djelovanjem mora. Zbog istog razloga
vrlo se tesko zamjeCuju mjestimi¢no ocuvani tra-
govi alata od izrade pasSarina. Dno kamenoloma
ispunjeno je naslagama uruSenog kamena. Ma-
ticna stijena na dnu kamenoloma znatno je ispod

modern-era devastation on the eastern face has sig-
nificantly disturbed the original layout. Quarry 4
can with a high degree of certainty be set in the same
chronological context as Quarry 3.

Quarry 5 (Fig. 11) represents a broader zone in
which numerous traces of stone exploitation have
been preserved, such as the remains of holes from
hand drills, rocks blasted by gunpowder, horizon-
tal and vertical cracks (kunjera), and the remains of
individual slots for inserting wedges. The Quarry
5 area can be dated approximately to the modern
era, particularly based on the use of gunpowder. The
cracks (kunjera) and slots for inserting metal wedges
were used simultaneously with gunpowder. On the
periphery of Quarry 5, on a natural face which con-
tains no tool traces, the relief of a head (Fig. 12) and
three crosses have been engraved. The head is placed
approximately four metres above the ground. Next
to the cross that is closest to the head, the letters “S
C” have been engraved.
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SL. 12./ FIG. 12.
Uklesana glava i jedan od tri kriza na litici Kamenjaka (foto: D. Vujevié).
Engraved head and one of the three crosses on the Kamenjak face (photo by D. Vujevié).

SL. 13./ FIG. 13.

Litica kamenoloma 6 na Kamenjaku (foto: M. Parica).
Face of Quarry 6 on Kamenjak (photo by M. Paricay).

63



Mate Parica: TRAGOVI ALATA U ANTICKIM I SREDNJOVJEKOVNIM... / TOOL TRACES IN THE CLASSICAL ANTIQUITY AND MEDIAEVAL... 64

morske razine, no same naslage urusenog kamena
onemogucuju tocan uvid. Kamenolom 6 tlocrtom,
razinom ispod morske povrsine te tragovima alata,
evidentno podsjec¢a na kamenolom 1. S obzirom na
navedene Cinjenice, kamenolom 6 moze se datirati
u anticko razdoblje.

POPOVICI — OTAVAC

Kamenolom se nalazi neposredno ispod vrha brda
Otavac (SI. 14.) koji se uzdize nad selom Popoviéi,
pet kilometara sjeveroistocno od grada Benkovca.
Litica kamenoloma proteze se u duzini od gotovo
70 m, dok joj je najveca visina oko 8 m. Povrsinski
sloj, debljine od 3 do 4 m, pokazuje plocasto usloje-
nje karakteristicno za benkovacko podrudje, dok se
ispod nalazi vapnenacki depozit arhitektonskog ka-
mena. Vapnenac je svijetlozute nijanse te sitnozrnate
strukture koja podsjeca na pjescenjak. Tragovi alata
vidljivi su na svim okomitim liticama kamenoloma
(SI. 15.). Jasno se ocrtavaju strije od dubokih pasari-
na koje su posljedica rada s teskim dvosiljem.

Quarry 6 (Fig. 13) is situated in the north-east-
ern corner of Kamenjak. It represents a rectangular
protrusion into the island 13 m in length and 6 m
in width. The quarry’s faces are vertical and regu-
lar. However, they have been damaged as a result of
the activity of the sea. For the same reason, traces
of the tools for creating channels, which have been
partly preserved, are hardly visible. The bottom of
the quarry is filled with the deposits of broken stone.
The bedrock at the bottom of the quarry is far be-
low sea level, and the layers of broken stone deposits
make a precise overview impossible. The layout, its
being below sea level, and the tool traces in Quarry
6 are clearly reminiscent of Quarry 1. Given all of
the above, Quarry 6 can be dated to the Classical
Antiquity period.

POPOVICI — OTAVAC

The quarry is situated directly below Otavac Hill
(Fig. 14), which rises above the village of Popoviéi,
five kilometres north-east of the town of Benkovac.

SL. 14./ F1G. 14.

Litica kamenoloma na brdu Otavac neposredno ispod srednjovjekovne kule (foto: M. Parica).

Quarry face directly beneath a mediaeval tower on Otavac hill (photo by M. Parica).
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St. 15./ F1G. 15.

Litica kamenoloma Otavac s vidljivim tragovima alata (foto:
M. Parica).

Quarry face with visible tool traces (Otavac) (photo by M.
Parica).

S juzne strane litice kamenoloma, na pojasu dva-
desetak metara udaljenom od litice, nalaze se gomile
otpadnog kamenja koje sadrzavaju karakteristi¢ne
sitnije plocaste ulomke, kao posljedicu kopanja pa-
sarina. Gomile su na nekim mjestima pomijesane s
erodiranom zemljom te se jedva zamjecuju. Po vrhu
otpadnih gomila zamjeuju se temelji od razlicitih
objekata ciji smjestaj govori da su sagradeni nakon
najintenzivnijeg koristenja kamenoloma te su najvje-
rojatnije u vezi s kulom koja se uzdize nad kameno-
lomom.

S obzirom na veli¢inu zahvata u stijenskoj masi,
zatim na kasnosrednjovjekovne strukture koje su
izgradene po otpadnim gomilama, tragove alata i
tehnike eksploatacije unutar samo jedne faze, kame-
nolom u Popovi¢ima moze se s odredenom dozom
vjerojatnosti datirati u period rimske uprave, a time
ujedno i povezati s veim potrebama za arhitekton-
skim kamenom anticke Aserije.

DUGI OTOK - OVCA

Uvala Ovc¢a smjestena je na priblizno dva kilometra
juzno od mjesta Savar, na sredi$njem dijelu Dugog
otoka. Brusi¢ spominje kamenolome kod mjesta Sa-
var i isti¢e kako se rimski iskopi nalaze podalje od
morske obale (mozda zbog bolje kvalitete kamena,
ili manjeg utjecaja soli na njega).® U okolici same
uvale vidljiva su Cetiri kamenoloma.

Najvedi je kamenolom 1 (SI. 16.). Smjesten je na
nadmorskoj visini od 60 do 80 m, jugozapadno od

8 Z.BRUSIC, 1974, 68.
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The face of the quarry stretches almost 70 m, while
its greatest height is approximately 8 m. The surface
layer, between 3 and 4 m thick, has panel-shaped
layers characteristic of the Benkovac area, while
below there is a limestone deposit of architectural
stone. The limestone is of a light yellow shade with a
small-grain structure reminiscent of sandstone.Tool
traces are visible on all the vertical faces of the quar-
ry (Fig. 15). Striae from deep channels are clearly
visible and are a consequence of work with a heavy
two-spiked hammer.

On the southern side of the face, in a belt stretch-
ing along an area approximately twenty metres from
the face, there are deposits of waste stone contain-
ing typical smaller panel-shaped fragments resulting
from hammering the channel. The deposits are par-
tially mixed with eroded earth, and as such are bare-
ly discernible. On the top of the waste heaps, the
foundations of different structures are visible, the
positions of which suggest that they were built after
the most intensive use of the quarry and are most
probably linked with the tower above the quarry.

Given the size of the interventions in the rock
mass, the late mediaeval structures built on the
waste deposits, the tool traces, and the exploitation
technique being used in only one phase, the quarry
in Popovi¢i can quite probably be dated to the pe-
riod of Roman rule and can be associated with the
growing demand for architectural stone in classical
antique Asseria.

DUGI OTOK - OVCA

Ovca Bay is situated approximately two kilometres
south of Savar in the central part of Dugi Otok. Z.
Brusi¢ mentions quarries near Savar and points out
that the Roman digs are quite far from the shore
(possibly due to better stone quality or salt having
less effect).® In the surroundings of the bay, four
quarries are visible.

Quarry 1 (Fig. 16) is the largest. It is situated
60 to 80 m above sea level, south-west of the most
sheltered part of Ovca Bay. It has an artificially cre-
ated face whose base is approximately 20 to 25 m
wide, with a greatest height of 10 m. On the faces
of this quarry, there is evidence of almost all stone-
extracting techniques. The largest part suggests
the blasting of stone with explosive powder. This
modern-era technique was used to exploit almost

8  Z.BRUSIC, 1974, 68.
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S1. 16./ F1G. 16.
Pogled na veéi kamenolom u uvali Ov¢éa (foto: M. Parica).

View of a larger quarry in Ovéa Bay (photo by M. Parica).

najzaklonjenijeg dijela uvale Ovca. Rijec je o umjet-
no stvorenim liticama koje su u svojem baznom di-
jelu Siroke oko 20 do 25 m, dok je najveca visina
do 10 m. Na liticama ovoga kamenoloma susreCemo
tragove gotovo svih tehnika vadenja kamena. Najve-
¢im dijelom vidljivo je odvajanje kamena barutom.
Ovom novovjekovnom tehnikom eksploatiran je go-
tovo Citav kamenolom $to nam uvelike otezava uvid
u starije tehnike na istom nalazistu. Unutar istoga
kamenoloma, pri vrhu manje izdignute stijene, vidi
se pasarin u kutu manjeg, pravilno iskopanog pro-
stora. Ci$¢enjem od raslinja otkriven je ostatak jed-
nog pasarina na okomitoj stijeni, na kojoj se jasno
vide tragovi Cekica dvosilja (SI. 17.). Ovo govori u
prilog misljenju kako ovaj mali sacuvani dio pri-
pada antickom kamenolomu. Kolike su bile njego-
ve dimenzije, nemoguce je utvrditi bez arheoloskih
iskopavanja. Evidentno je kako je novovjekovni
kamenolom gotovo u potpunosti devastirao anticki
kamenolom. U prilog antickoj dataciji ovoga dijela
ide i tanak sloj iz kojeg vire ulomci antickih amfora.
Sloj se nalazi neposredno iznad Zive stijene pokraj

the entire quarry, which makes it much harder to
understand the older techniques at the same site.
Within the same quarry, near the top of a less el-
evated rock, a channel is visible in the corner of a
small, regularly hammered area. Upon removing the
vegetation, the remains of a channel on a vertical
rock were uncovered, where traces of a two-spiked
hammer (Fig. 17) are clearly visible. This suggests
that this small preserved part belongs to the classi-
cal antique quarry. However, its dimensions cannot
be determined without an archaeological campaign.
Clearly, the modern-era quarry almost entirely dev-
astated the antique one. In support of dating this
part to the Classical Antiquity period, there is also a
thin layer from which fragments of classical antique
amphorae stand out. The layer is situated directly
above the bedrock, next to which there is the chan-
nel. This is actually the bottom of the dig of the clas-
sical antique quarry (Fig. 18). At the bottom, there
were fragments of amphorae, and later everything
was covered with waste. In the sea in Ovca Bay, at
a depth of two metres, there is a 12-m-long sunken
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St. 17./ F1G. 17.
Vidljivi tragovi alata unutar pasarina (foto: M. Parica).
Visible tool traces within the channel (photo by M. Parica).

SL. 18./F1G. 18.
Oznaceni sloj u kojem se javljaju fragmenti antickih amfora (foto: M. Parica).

Marked layer with fragments of classical antique amphorae (photo by M. Parica).
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SL. 19./ F1G. 19.

Ostatak antickog gata u uvali Ov¢a (foto: M. Parica).

Remains of a classical antique mole in Ovéa Bay (photo by M. Parica).

koje je pasarin, a to je zapravo dno iskopa anticko-
ga kamenoloma (Sl. 18.). Na spomenutom su dnu
bili fragmenti amfora, a sve je to skupa kasnije za-
suto otpadom. Unutar uvale Ov¢a, u moru, na dva
metra dubine, nalazi se potopljeni gat duljine 12 m
(SI. 19.).” Nivo samog gata nizi je za dva metra od
danasnje razine mora. Ulomci amfora, dolija i ostali
ulomci anticke keramike okvirno datiraju ovu kon-
strukciju u anticko razdoblje.

Kamenolom 3 (SI. 20.) smjesten je viSe stotina
metara sjeveroisto¢no od kamenoloma 1, na pozi-
ciji uz prirodnu dragu koja se naziva Rovine. Litice
kamenoloma su nepravilnih oblika. Jedine pravilnije
plohe nalaze se na kutu eksploatacijske zone. To je
najdublji dio kamenoloma i jedino su na njemu vid-
ljivi tragovi alata od kopanja pasarina te odredena
pravilnost u iskopu. Tlocrt kamenoloma je troku-
tastog oblika, a tragovi strija govore o koristenju
laksih dvosilja. Vazan nam je i arhivski podatak o

9  Lucka instalacija detaljnije obradena u M. PARICA, 2012.

mole (Fig. 19).” The mole is two metres below the
present-day sea level. Fragments of amphorae, dolia,
and other classical antique pottery shards date this
construction approximately to the Classical Antiq-
uity period.

Quarry 3 (Fig. 20) is situated several hundred
metres north-east of Quarry 1, and is located near a
natural cove called Rovine. The faces have irregular
forms. The only regular surface is that in the cor-
ner of the exploitation zone. This is the deepest part
of the quarry, and the only spot with visible traces
of tools for hammering channels and where there is
certain regularity to the digging. The quarry’s layout
has a triangular form, while the traces of striae sug-
gest the use of light two-spiked hammers. Archive
data on how Mihajlo Ladislav produced five Gothic
windows for Petar a Criminalibus in 1468 are also
important. Two of these were decorated with a coat
of arms and surrounded with teeth, while three were

9 The harbour installation was discussed in detail in M. PARICA,
2012.
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SL. 20./ F1G. 20.

Najstariji dio kamenoloma 3 u uvali Ov¢a (foto: M. Parica).
The oldest part of Quarry 3 in Ovéa Bay (photo by M. Parica).

tome kako je Mihajlo Ladislav izradio Petru a Cri-
minalibus 1468. godine pet gotickih prozora, od ko-
jih su dva bila iski¢ena grbom i okruzena zupcima,
a tri jednostavna, od kamena uzetog u kamenolomu
»sred drage“ Ovce na Dugom otoku.!® Ovo preci-
ziranje ,sred drage” je vrlo vazno jer se smjeStajem
radi najvjerojatnije bas o ovom kamenolomu u bli-
zini same drage, dok su ostali kamenolomi u uvali
Ovca uz more ili na brijegu. Stoga kasnosrednjovje-
kovnu dataciju mozemo pripisati upravo ovom ka-
menolomu.

Po svemu navedenom, kamenarska aktivnost u
okolici uvale Ovca zapocinje u antici te zajedno s
obliznjim antickim kamenolomima Padrare ¢ini je-
dan kompleks, dok se kasnije obnavlja u kasnom
srednjem vijeku. U novom vijeku doslo je do deva-
stacije najvecega kamenoloma u uvali Ov¢a.

10 C. FISKOVIC, 1959, 60.

simpler, made of stone extracted from the Sred Drage
[centre of the cove] of Ovée quarry on Dugi Otok.!?
Specifying the central position (Sred Drage) is of
particular importance, because most probably it was
the quarry situated in the vicinity of the cove, while
the other quarries in Ovca Bay are either along the
sea or on the hill, which means that a late mediaeval
dating can be ascribed to this particular quarry.

Thus, quarrying in the surroundings of Ovca
Bay started in Classical Antiquity. It was part of a
complex, together with the nearby classical antique
Padrare quarries, and restored in the Late Middle
Ages. In the modern era, the largest quarry in Ovca
Bay was devastated.

10 C. FISKOVIC, 1959, 60.
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Si. 21./ F1G. 21.

Satelitska snimka prostora Suve lokve kod Zaborica (izvor: Arkod).

Satellite image of the area of Suva Lokva near Zaborié¢ (source: Arkod).

ZABORIC - SUVA LOKVA

Kamenolom Suva lokva smjestio se dva kilometra
isto¢no od uvale Studena u mjestu Zaborié¢, na 60 m
nadmorske visine (SI. 21. i 22.). Litice kamenoloma
dosezu do 12 m visine.

Tehnika eksploatacije ostavila je mnogobrojne
tragove na liticama kamenoloma. Jasno su vidljive
strije od pasarina koje su posljedica koristenja laksih
dvosilja, a na vise mjesta vidljive su i kunjere “V”
oblika. Kamenolom je u potpunosti iskoristen tehni-
kom kopanja pasarina. Nisu primjetne pravilnosti u
iskopu kakve nalazimo kod anti¢ckih kamenoloma.
Primjetno je postupno Sirenje cjelokupnoga kame-
noloma od sredi$njeg dijela prema zapadu, jugu i
istoku. Otpadne gomile su sacuvane, a kameni fra-

ZABORIC - SUVA LOKVA

Suva Lokva quarry is situated two kilometres east of
Studena Bay in Zabori¢ at an altitude of 60 m above
sea level (Figs. 21, 22). The faces of the quarry reach
a height of up to 12 m.

The exploitation technique has left numerous
traces on the faces. The striae from the channels
made by light two-spiked hammers, and in several
places also V-shaped grooves, are clearly visible. The
quarry was entirely exploited using the technique of
hammering channels. There are no noticeable regu-
larities in the extrusions as in classical antique quar-
ries. A gradual expansion of the entire quarry from
the central part towards the west, south and east is
noticeable. Waste heaps have been preserved, and
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SL. 22./ F1G. 22.

Kamenolom Suva lokva kod Zabori¢a (foto: M. Parica).
Suva Lokva quarry near Zaborié (photo by M. Parica).

gmenti u otpadu dokazuju kako je gotovo cijeli pro-
stor kamenoloma eksploatiran ru¢nim alatima uz
pomo¢ pasarina.

Odredene specifiéne pojave mogu posluziti u
kronoloskoj determinaciji nalazista. Nedostatak
pravilne organizacije iskopa, koristenje laksih dvosi-
lja pri izradi pasarina te nepravilne litice kamenolo-
ma nikako ne idu u prilog datiranju u anticki period.
Srednjovjekovna i mozda ranonovovjekovna epoha
ostaju kao najvjerojatnije vrijeme nastanka spome-
nutoga kamenoloma.

stone fragments in the waste confirm that almost
the entire area of the quarry was exploited by hand
tools, with the help of channels.

Certain specific phenomena can serve to chron-
ologically determine the site. The lack of regular
organisation in the quarrying, the use of light two-
spiked hammers for making the channels, and the
irregular faces of the quarry do not support dating it
to the Classical Antiquity period. The Middle Ages
and possibly the early modern era remain the most
probable periods for the formation of the quarry.
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SL. 23./ FIG. 23.

Satelitska snimka prostora Sv. Ilije s naznadenim nalazi§tima (izvor: Arkod).

Satellite image of the Sveti Ilija area with marked sites (source: Arkod).

TROGIR - SV. ILIJA

U neposrednoj blizini grada Trogira, na istocnim
padinama brda Sv. Ilija, nalazi se kompleks od vise
kamenoloma koji pripadaju gotovo svim povijesnim
razdobljima (SI. 23.). Na satelitskoj snimci kom-
pleks je oznacen s pet glavnih pozicija, no ¢itav pro-
stor sadrzava ostatke eksploatacije vrlo kvalitetnoga
arhitektonskog vapnenca. Neki dijelovi kompleksa
kamenoloma Sv. Ilija trajno su izgubljeni recentnom
eksploatacijom. Nazalost, i u novije vrijeme dodi-
jeljene su nove koncesije za daljnje unistavanje ove
kulturne bastine.

Kamenolom 1, u literaturi je poznat pod imenom
Kuciéeva kava (Sl. 23/1.). Rije¢ je o otvorenom kopu
koji je dosegnuo najdublje slojeve u odnosu na osta-
le kamenolome kompleksa Sv. Ilija. Iako je dozivio

TROGIR - SVETT ILIJA

In the direct vicinity of the town of Trogir, on the east-
ern slopes of the hill of Sveti Ilija, there is a complex
of several quarries encompassing nearly all historical
periods (Fig. 23). On the satellite image, the complex
is marked with five main positions. The entire area
contains the remains of the exploitation of architec-
tural limestone of very high quality. Some parts of
the complex of the Sveti Ilija quarry have been per-
manently lost during recent exploitation, and unfor-
tunately new concessions have recently been granted
for further destruction of this cultural heritage.
Quarry 1 is known in the literature by the name
of Kuciéeva Kava (Fig. 23/1). This is an open ex-
cavation which has reached the deepest layers com-
pared to other quarries of the Sveti Ilija complex.
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SL. 24./ F1G. 24.

Fotografija Kuciéeve kave s oznacenim fazama eksploatacije (foto: M. Parica).
Photo of Kuciéeva Kava with marked exploitation stage (photo by M. Parica).

recentne devastacije, u unutrasnjosti se jasno vide
tragovi pasarina izradeni tezim dvosiljem te pojedini
segmenti kamenoloma s pravokutnim tlocrtom. Liti-
ce kamenoloma uzdizu se i do 20 m visine. O¢uvana
je 1 izvorna komunikacija koja spaja unutrasnjost
kamenoloma s pretpostavljenom komunikacijom
prema podnoZzju brda, a na stjenkama se jasno ra-
zaznaju strije od koristenja teskog dvosilja pri izradi
prosjeka kroz zivu stijenu. Izvorna faza antickoga
kamenoloma, na temelju arheoloskih nalaza koje
objavljuje D. Marsi¢, moze se datirati u 1. stoljece
poslije Krista.!!

Osim dijelova kamenoloma koji nedvojbeno pri-
padaju antickom razdoblju, sjeverozapadne litice
kamenoloma pokazuju tragove naknadne eksplo-

11 D. MARSIC, 2007, 111.

Although it has undergone recent devastation, traces
of channels made with a heavier two-spiked ham-
mer and individual segments of a quarry with a rec-
tangular layout are clearly visible. The faces of the
quarry reach a height of up to 20 m. The original
communication route connecting the quarry’s interi-
or with the presumed communication route towards
the foot of the hill has been preserved. On the walls,
striae from a hard two-spiked hammer used to make
a cut in the bedrock are clearly discernible. Based
on archaeological finds published by D. Marsié, the
original phase of the classical antique quarry can be
dated to the first century AD.!

Apart from parts of the quarry that undoubtedly
belong to the Classical Antiquity period, the north-

11 D. MARSIC, 2007, 111.



Mate Parica: TRAGOVI ALATA U ANTICKIM I SREDNJOVJEKOVNIM... / TOOL TRACES IN THE CLASSICAL ANTIQUITY AND MEDIAEVAL... 74

atacije u kasnijim fazama koristenja kamenoloma.
Na sl. 24. vide se oznaclene faze kamenoloma, od
najstarije prema najnovijoj. Prva faza predstavlja
izvorni anticki kamenolom s pravokutnim tlocrtom,
dubokog otvorenog kopa, koji s izlaznim hodnikom
¢ini ¢jelinu.

Druga faza eksploatacije vidljiva je na stepena-
stim segmentima koji se uzdizu sjeverozapadno od
antickog dijela kamenoloma. Ocigledno se u odre-
denom razdoblju nakon klasi¢noga rimskodobnog
razdoblja nastavila eksploatacija u smjeru od izvor-
ne litice antickoga kamenoloma, prema vrhu brda.
Tragovi alata na liticama kamenoloma druge faze
predstavljaju lakse dvosilje, a otpad spomenute faze
eksploatacije zapunio je izvorni anticki kamenolom.

Treéa faza predstavlja tragove novovjekovnih
metoda kao Sto su: tragovi koristenja rucnih svrdala
i baruta, horizontalne kunjere te pojedinacni utori
za klinove.

KORCULA — VRNIK

Otok Vrnik na svojem sjeveroisto¢nom dijelu sadrzi
veci broj kamenoloma (SI. 25. i 26.). RijecC je o pra-
vokutnim otvorenim kopovima koji u tlocrtu mogu
biti dimenzija i do 30 x 30 m, dok visina umjetno
stvorenih litica moze prelaziti i vise od 40 m.

Ostali su sacuvani kamenolomi koji su najuda-
ljeniji od mora, no u pocetnim fazama eksploatacije
Vrnika kamenolomi su se nalazili blize obali, a kako
su otvarani novi, zona eksploatacije se pomicala pre-
ma vrhu otoka. Ovaj proces je konstantno unistavao
kamenolome blize obali. Novi kamenolomi nastav-
ljaju eksploataciju od litica ranijih, a s druge stra-
ne, velika koli¢ina otpadnog kamena deponira se na
prostor starijih kopova. Jedino $to ostaje na istom
mjestu je komunikacija za izvoz kamenih blokova
prema moru.

U zoni ranijih kamenoloma na nekoliko pozicija
vidljivi su manji segmenti stijenske mase koji sadrze
tragove alata. Ovo su ostaci nekadasnjih otvorenih
kopova vecinom iskoristenih do morske razine te
kasnije zatrpanih otpadnim kamenjem.

Najstariji kamenolomi na Vrniku su galerijski
kamenolomi koje spominje M. Gjivoje,'? a koji su
u velini slucajeva preslojeni novim kamenolomima
koji se okvirno mogu datirati u kasnosrednjovjekov-
no i novovjekovno razdoblje. Zanimljiv je i poda-
tak kako je kamenolom Soline na otoku Korculi u

12 M. GJIVOJE, 1970, 72.

western faces demonstrate traces of exploitation dur-
ing later phases. In Figure 24, the marked phases of the
quarry are visible, from the oldest to the most recent.
The first stage represents the original antique quarry
with a rectangular layout, a deep open quarrying and
an exit hall, which are all part of the same complex.

The second exploitation stage is visible in stair-
shaped segments stretching upwards north-west of
the classical antique part of the quarry. Obviously, at
a certain point after the Roman period, exploitation
continued from the original face of the classical an-
tique quarry towards the top of the hill. Tool traces
on the faces of the second phase quarry are present in
the shape of those from light two-spiked hammers,
and the waste from this exploitation phase filled the
original antique quarry.

The third stage represents traces of modern era
methods, such as the use of hand drills and gunpow-
der, horizontal grooves (kunjera), and individual
grooves for wedges.

KORCULA - VRNIK

The island of Vrnik has a large number of quarries
in its north-eastern part (Figs. 25, 26). These are rec-
tangular open digs with layouts reaching up to 30 x
30 m, while the height of the artificially created faces
can exceed 40 m.

The quarries that have been preserved are those
that are the furthest from the sea. In the initial stage
of Vrnik’s exploitation, the quarries were closer to
the coast, but as new ones were opened, the exploi-
tation zone shifted towards the top of the island.
The process destroyed the quarries closer to the
coastline. The new quarries continued exploitation
from the faces of earlier quarries. On the other hand,
a great quantity of waste stone was deposited in the
areas of older digs. The only thing that remains in
the same place is the communication route for trans-
porting stone blocks towards the sea.

In the area of earlier quarries, in several places
smaller segments of rock mass are visible which con-
tain tool traces. These are the remains of the former
open digs which were mostly used at sea level and
later filled with waste stone.

The oldest quarries at Vrnik are the gallery quar-
ries mentioned by M. Gjivoje,'? which in most cases
were overlaid with new quarries that can approxi-
mately be dated to the late mediaeval and modern

12 M. GJIVOJE, 1970, 72.



ARCHAEOLOGIA ADRIATICA VIII (2014), 51-80

SL. 25./ FIG. 25.
Satelitska snimka otoka Vrnika s oznadenim najvaznijim kamenolomima (izvor: Arkod).
Satellite image of the island of Vrnik with the most important quarries marked (source: Arkod,).

SL. 26./ F1G. 26.
Kamenolom u zoni 3 na Vrniku (foto: M. Parica).

Quarry in zone 3 on Vrnik (photo by M. Parica).
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15. stoljecu vec bio iscrpljen, zbog Cega su se morali
otvarati novi kamenolomi na otocima Vrniku i Ka-
menjaku.'® Kako pocetak masovnije eksploatacije na
Vrniku zapocinje u 15. stoljecu, stariji kamenolomi
preslojeni su otpadom novijih, koji se pomicu uvijek
za jednu liniju vise prema vrhu otoka.

Na svim kamenolomima otvorenog tipa na Vr-
niku razabire se koriStenje laksih dvosilja za izradu
pasarina, a vremenski okvir vrni¢kih kamenoloma
obuhvada kraj srednjeg vijeka te gotovo cijeli novi
vijek.

Uzimajuéi u obzir broj strija po duznom metru
te datacije opisanih kamenoloma, vrijednosti je mo-
guce uvrstiti u grafikon. Rezultat upucuje na jasnu
razliku u broju strija izmedu antickih i srednjovje-
kovnih kamenoloma (SI. 27.).

Na temelju nekoliko prethodno opisanih ka-
menoloma koji sadrze elemente za pouzdanu da-
taciju, mogu se primijetiti odredene zakonitosti na
temelju tragova alata koji se razaznaju na liticama
kamenoloma. Strije od pasarina pokazuju kako
anticka faza opisanih kamenoloma pokazuje odre-
dene specifi¢nosti. Prije svega evidentno je da kad

era periods. It is interesting that the Soline quarry on
the island of Korcula was already exhausted in the
15 century. For this reason, new quarries had to be
opened up on the islands of Vrnik and Kamenjak.!
As the beginning of mass exploitation at Vrnik start-
ed in the 15% century, older quarries were covered
with waste from more recent ones, which always
move one at a time towards the top of the island.

In all the open-type quarries at Vrnik, the use
of light two-spiked hammers for the construction
of the channels is discernible, and consequently the
Vrnik quarries can be dated towards the end of the
Middle Ages and almost the entire modern era.

Taking into consideration the number of striae
per metre and the dating of the above quarries, it
is possible to represent the values in a chart. The
results suggest a clear difference in the number of
striae in the classical antique and in the mediaeval
quarries (Fig. 27).

On the basis of several previously described
quarries containing elements that can be reliably
dated, certain regularities can be noticed based on
the tool traces discernible on the faces. The striae
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St. 27./ F1G. 27.

Grafikon s vrijednostima broja tragova strija po duznom metru s oznacenim nalazistima: 1 — Sv. Ilija (Trogir), 2 — Sv. Ilija (Trogir),
3 - Popoviéi (Benkovac), 4 — Kamenjak 3 (Ist), 5 — Kamenjak 1 (Ist), 6 — Suva Lokva (Zaborié), 7 — Ovca (Dugi otok), 8 — Vrnik

(Kor¢ula).

Graph showing the numbers of striae traces per metre with sites marked: 1 — Sveti llija (Trogir), 2 — Sveti 1lija (Trogir), 3 -
Popoviéi (Benkovac), 4 — Kamenjak 3 (Ist), 5 — Kamenjak 1 (Ist), 6 — Suva Lokva (Zaborié), 7 — Ovéa (Dugi Otok), 8 — Vrnik

(Korcula).

13 C. FISKOVIC, 1955, 20.

13 C. FISKOVIC, 1955, 20.
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S1. 28./ F1G. 28.

Reljef s prikazom kamenara iz Pule (preuzeto iz A. STARAC,
2006, 42).

Relief with the representation of a stonemason from Pula
(from: A. STARAC, 2006, 42).

se koristi teski dvosilj za kopanje pasarina, visina
pojedinacnog otkopa koji pokazuju tragovi alata
je veca te strije Cesto pokazuju zakrivljenost.

S druge strane, kasnosrednjovjekovni i rano-
novovjekovni tragovi alata pokazuju sasvim dru-
gacije karakteristike. Strije su gusée sto je poslje-
dica rada s manjim dvosiljem, visina pojedina¢nog
otkopa je manja, a strije su pravilnije, poput uzor-
ka riblje kosti. Ukupna dubina pasarina izrade-
nih manjim dvosiljima moze biti veca zbog lakseg
rada s manjim alatima u ograni¢enom prostoru.
U izvanrednim okolnostima, ako je bila potrebna
ekstrakcija veCega kamenog bloka, mogude je da
se, na teSko dostupnim mjestima, rabio samo ce-
kic i $pica.

Tragovi alata na liticama kamenoloma eviden-
tno dokazuju jasnu razliku izmedu antike i sred-
njeg vijeka i to u vidu smanjene tezine dvosilja,
osnovnog kamenarskog alata. Spomenuta promje-
na vidljiva je na liticama kamenoloma. Anticki
dvosilj (SI. 28. 1 29.) je tezi, od Sest do osam kilo-
grama te ostavlja izmedu 15 i 19 strija na duznom
metru. Srednjovjekovni dvosilj je manje tezine, od
dva do Cetiri kilograma te ostavlja izmedu 20 i 26
strija po duznom metru.

St. 29./ F1G. 29.

Anticki dvosilj (British Museum, foto: M. Parica).

Antique two-spiked hammer (British Museum, photo: M.
Parica).

from the channels demonstrate how the classical
antique stage of the quarries demonstrates certain
specific traits. In the first place, a heavy two-spiked
hammer was clearly used to dig the channels, the
height of the individual digs suggested by the tool
traces is greater, and the striae are often curved.

On the other hand, late mediaeval and early
mediaeval tool traces demonstrate entirely differ-
ent characteristics. The striae are denser as a conse-
quence of working with a smaller two-spiked ham-
mer, the height of the individual dig is rather small,
and the striae are regular, such as a fishbone pattern.
The total depth of the channels made with a small
two-spiked hammer might be larger due to the fact
that it is easier to work with smaller tools in a re-
stricted area. Under extraordinary circumstances, if
the extraction of a larger stone block was necessary,
it is possible that at barely accessible places only a
hammer and point were used.

Tool traces on the faces clearly confirm a distinc-
tion between Classical Antiquity and the Middle Ages
in the form of a reduced heavy two-spiked hammer
as the basic quarrying tool. This change is visible on
the very faces. The antique two-spiked hammer (Figs.
28, 29) is heavier at 6-8 kilogrammes, and leaves
between 15 and 19 striae per metre. The mediaeval
two-spiked hammer is lighter at 2-4 kilogrammes,
and leaves between 20 and 26 striae per metre.
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Dvosilj, koji se jos naziva dvorog ili dvokonicar,
sastoji se od Zeljezne glave koja zavrSava na obje
strane piramidalnim Siljkom ¢iji kutovi ovise o tvr-
doc¢i kamena za obradu. Tezina tradicijskog dvosilja
(SI. 30.) varira od dva do pet kilograma.'* Ovakvim
zeljeznim dvosiljima koji su imali drveni drzak du-
zine od 50 do 60 centimetara, sluzili su se Grci te
kasnije i Rimljani u antickom razdoblju.”® Zeljezni
kamenarski alat morao se stalno ostriti i popravljati
te je Cest slucaj da se u sklopu antickih kamenoloma
nalaze kovacke radionice,'® a vecu koli¢inu Zeljezne
troske koju nalazimo u podnozju kamenoloma Pa-
drare na Dugom otoku mozemo pripisati jednoj ta-
kvoj radionici. Osim navedenih postoje i dvosilji s
promjenjivim Celi¢nim Siljcima koji se uglavljuju u
krajeve zeljezne glave, tako da se ne ostecuje glava
dvosilja.” Sustav s promjenjivim $iljcima vjerojatno
ulazi u upotrebu tek u srednjem vijeku kada dolazi
do sire uporabe celika. U tradicionalnom govoru na
prostoru Dalmacije dvosilj se naziva jos$ i pikun ili
piket.

Promjena u tezini alata vjerojatno je nastupila u
turbulentnom razdoblju ranoga srednjeg vijeka, no
nedostatak pisanih podataka te manji obim egzak-
tnih arheoloskih ostataka kamenarstva iz spomenu-
tog razdoblja ne dopustaju preciznije razgranicenje.
Smanjivanje alata posljedica je razli¢itog profila
radnika koji obavljaju najteze poslove ekstrakcije
blokova u kamenolomu. U antickom razdoblju spo-
menute poslove obavljaju robovi, osudenici i ratni

14 N.DZAJA, 1999, 39.

15 J. C. BESSAC, 1988, 42.

16 E. CHIOTIS, G. PAPADIMITROU, 1995, 8.
17 N.DZAJA, 1999, 40.

SL. 30./ FIG. 30.

Posljednji klesar s Vrnika s dvosiljem u ruci (preuzeto iz M.
BOSNJAK, 2004).

The last stonecutter from Vrnik with a two-spiked hammer in
bis hand (from: M. BOSNJAK, 2004).

The two-spiked hammer, also called a two-
horned or a double-cone hammer, consists of an
iron head which on both sides ends in a pyramidal
spike whose corners depend on the hardness of the
stone to be worked. The weight of traditional two-
spiked hammer (Fig. 30) varies between 2 and § kil-
ogrammes.'* Such iron two-spiked hammers with a
50- to 60-centimetre-long wooden grip were used by
the Greeks and later by the Romans in the Classical
Antiquity period.! Iron quarry tools had to be con-
stantly sharpened and repaired, and smiths” work-
shops were frequently a feature of Classical Antiqui-
ty quarries.'® The large quantity of iron slag found at
the foot of the Padrare quarry on Dugi Otok can be
assigned to such a workshop. Apart from the previ-
ously mentioned two-spiked hammers, there are also
those with changeable steel spikes fixed to the ends
of the iron head to avoid damaging the head of the
two-spiked hammer.!"” The system with changeable
spikes probably started to be used as late as in the
Middle Ages, when steel became more widely used.

This change in the weight of the tools prob-
ably occurred in the turbulent Early Middle Ages
period. However, the lack of written sources, and
a smaller amount of archaeological quarry remains
from the period allow no precise dating. The reduc-
tion in the size of tools was a consequence of the
different profiles of the workers who conducted the
hardest work of extracting the blocks in a quarry.
In the Classical Antiquity period, the work was
done by slaves, convicts, and prisoners of war, who
after long periods of work with a two-spiked ham-
mer weighing more than six kilogrammes would

14 N.DZAJA, 1999, 39.

15 J. C. BESSAC, 1988, 42.

16 E. CHIOTIS, G. PAPADIMITROU, 1995, 8.
17 N.DZAJA, 1999, 40.
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zarobljenici, koji zasigurno nakon dugotrajnog rada
s dvosiljem, teskim i vise od Sest kilograma, imaju
znacajne zdravstvene posljedice. U srednjem vijeku
iste ove poslove rade obrtnici — kamenari, nadnica-
ri i majstorski Segrti Cija ugovorena praksa traje i
do osam godina, te je smanjivanje tezine alata pri-
lagodeno zahtjevima tadasnjih kamenara. Pasarin
je najpogodniji sustav vadenja kvalitetnoga arhi-
tektonskog kamena i u razdoblju novog vijeka, no
nema promjena u tezini alata i sustavu eksploatacije
u odnosu na srednji vijek. Jedino je primjetna pojava
baruta, ru¢nih busotina, Zeljeznih klinova i sl. Ove
nove tehnike smanjuju iskoristivost sirovine i koriste
se paralelno s klasi¢nom tehnikom, a rijetko se kom-
biniraju. Katkad se barut rabi za razbijanje gornjeg
sloja nekvalitetnoga kamena, dok se ispod toga na-
stavlja eksploatacija iskljucivo ru¢nim alatima.

Tlocrti obradenih kamenoloma pokazuju jos
jednu evidentnu razliku. Anticki kamenolomi imaju
pravokutni tlocrt najbolje vidljiv u slu¢aju Kucice-
ve kave, antickih kamenoloma na Kamenjaku kod
otoka Ista te u kamenolomu na polozaju Padrare na
Dugom otoku. Ovakav tlocrt posljedica je sustavne
eksploatacije koja zauzima odredene pravilne gaba-
rite prostora gdje se vadi kamen. U sljedecoj fazi,
na mjestu najkvalitetnije stijenske mase opet se vrsi
penetracija u novi dio otvorenoga kopa koji takoder
ima pravokutan tlocrt. Osim sustava vazno je nagla-
siti i koli¢inu. Oc¢igledno su se u antickom razdoblju
eksploatirale veée koli¢ine sirovine odjednom, i to
maksimalnom mogucom brzinom.

Kasnosrednjovjekovni i ranonovovjekovni ka-
menolomi pokazuju tlocrt oblika trokuta s kutom
od 90° u najdubljem dijelu. Dobri primjeri su: otok
Kamenjak kod Ista te Ovc¢a na Dugom otoku. Tlocrt
oblika trokuta posljedica je znatno manjih, pojedi-
nacnih poslova, gdje se vadi samo nekoliko blokova
u jednom redu koji ¢ini jednu stranicu trokuta. Sva-
ki novi segment vadi se iz druge stranice trokuta.
Arheoloski ostaci kamenoloma srednjega i ranoga
novog vijeka definitivno pokazuju vise manjih, poje-
dinac¢nih eksploatacija. Ova pojavu potvrduje i vise
arhivskih spisa u kojima se vidi da srednjovjekovni
majstori za odreden posao sami organiziraju i vade-
nje i prijevoz kamenih blokova.
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undoubtedly have suffered significant health prob-
lems. In the Middle Ages, this work was conducted
by quarrymen, labourers, and apprentices whose
apprenticeships lasted up to eight years. The reduc-
tion of the size of tools was to meet the require-
ments of the quarrymen of the time. The channel
(pasarin) has been the most suitable system for
extracting high-quality architectural stone in the
modern era period. However, there have been no
changes in the weight of the tools or the system of
exploitation compared to the Middle Ages. Only
the occurrence of gunpowder, hand drills, iron
wedges, etc. is evident. These new techniques re-
duce the usability of the raw material and are used
in parallel with classical techniques but rarely com-
bined. Sometimes powder is used to break the up-
per layer of low-quality stone, while below it the
exclusive use of hand tools continues.

The layouts of exploited quarries demonstrate
another clear distinction. Antique quarries have a
rectangular layout which is most clearly visible in the
case of Kuciceva Kava, the classical antique quarries
on Kamenjak near the island of Ist, and the quarry
at the Padrare site on Dugi Otok. Such a layout is a
consequence of a system of exploitation which im-
poses a regular size for quarrying. At the next stage,
on the spot where the rock mass is of the highest
quality, penetration into the new part of the open
dig was carried out, which also had a right-angled
layout. Apart from the system, it is also important
to point out the quantity. Obviously, in the Classical
Antiquity period larger quantities of raw material
were exploited at the fastest rate possible.

Late mediaeval and early modern era quarries
demonstrate layouts in the shape of a triangle with a
90° angle in the deepest part. Good examples of this
are on the island of Kamenjak near Ist and Ovca on
Dugi Otok. The triangular layout is a consequence
of significantly smaller, individual works, where only
several blocks were extracted in a row, forming one
side of the triangle. Each new segment was extracted
from another side of the triangle. The archaeological
remains of mediaeval and modern era quarries clear-
ly demonstrate several minor, individual exploita-
tions. This phenomenon is also confirmed by several
documents from which it is evident that mediaeval
craftsmen organised both the extraction and trans-
port of stone blocks for a certain job themselves.

Translation: Nikolina Mateti¢ Pelikan (Etnotrend d. o .0.)

Proof reading: Stephen Hindlaugh



Mate Parica: TRAGOVI ALATA U ANTICKIM I SREDNJOVJEKOVNIM... / TOOL TRACES IN THE CLASSICAL ANTIQUITY AND MEDIAEVAL... 8o

LITERATURA / BIBLIOGRAPHY

BASSAC, ].-C., 1988. - Jean-Claude Bessac, Problems of
identification and interpretation of tool marks on ancient
marbles and decorative stones, u/in: Classical Marble:
Geochemistry, Technology, Trade (ur/eds.: N. Herz, M.
Waelkens), 41-53.

BLOXAM, E., STOREMYR, P., HELDAL, T., 2009. — Elizabeth
Bloxam, Per Storemyr, Tom Heldal, Hard Stone Quarrying in
the Egyptian Old Kingdom (3" millennium BC): re-thinking
the social organisation, u/in: ASMOSIA VII, The Study
of Marble and Other Stones in Antiquity — Proceedings of
the 7th International Conference of the Association for the
Study of Marble and Other Stones in Antiquity (ur/ed.: Y.
Maniatis), London, 187-201.

BOSNJAK, M., 2004. — Mario Bosnjak, Otok Korcula, Zagreb.
BRUSIC, Z., 1974. — Zdenko Brusi¢, Rezultati podmorskih

istrazivanja u zadarskom arhipelagu, Zbornik Zadarsko
otodje, 1, Zadar, 65-69.

CHIOTIS, E., PAPADIMITRIOU, G., 1995. — Efstathios Chiotis,
George Papadimitriou, Quarrying of dimensional stones in
the Hellenistic period at Kefalos Bay on the Island of Kos, u/
in: The Study of Marble and Other Stones used in Antiquity
(ur./eds.: Y. Maniatis, N. Herz, Y. Basiakos), London, 7-13.

DZAJA, N., 1999. — Nikola DZaja, Tradicionalna obrada
kamena klasicnim alatima, Split.

FISKOVIC, C., 1955. — Cvito Fiskovié, Prvi poznati dubrovacki
graditelji, Dubrovnik.

FISKOVIC, C., 1959. — Cvito Fiskovi¢, Zadarski sredovjecni
majstori, Split.
GJIVO]JE, M., 1970. — Marinko Gjivoje, Antikni kamenolomi

na korculanskim otocima, Zbornik otoka Koriule, 1,
Zagreb, 68-75.

GLUSCEVIC, S., 2001. — Smiljan Glus¢evi¢, Hidroarheoloske
i arheoloske aktivnosti na zadarskom podrucju, Obavijesti
Hrvatskog arbeoloskog drustva, 23/1, Zagreb, 43-47.

KATIC, M., 2009. — Miroslav Kati¢, Anti¢ki kamenolom u
uvali Srebrena na otoku Visu, Klesarstvo i graditeljstvo, 20,
Pucisca, 28-34.

MARSIC, D., 2007. — Drazen Marsié, Novi Heraklov zrtvenik
iz Trogira, Archaeologia Adriatica, 1, Zadar, 111-128.

PARICA, M., 2012. — Mate Parica, Nekoliko primjera luckih
instalacija anti¢kih kamenoloma na dalmatinskim otocima,
Histria antiqua, 21, Pula, 345-353.

STARAC, A., 2006. — Alka Starac, Tragovima kamenoklesara,
Pula.

WAELKENS, M., 1992. - Marc Waelkens, Bronze Age
Quarries and Quarrying Techniques in the Eastern
Mediterranean and the Near East, u/in: Ancient Stones:
Quarrying, Trade and Provenance (ur./eds.: M. Waelkens, N.
Herz, L. Moens), Leuven, 5-20.



