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PREFACE

In the summer of 2022, the 1 International Conference with Workshop - Science for Conservation of
the Danube Limes was held in Viminacium, as the final event of the project Mortar Design for Conser-
vation - Danube Roman Frontier 2000 Years After (MoDeC02000), financed by the Science Fund of the
Republic of Serbia, with the aim of gathering participants connected by a common interest - research
and protection of cultural heritage. The lectures covered topics from archaeology, history of architecture
and construction, geology, conservation science, archaeometry, chemistry, materials science, physical
chemistry, biology, physics, history of art, practical conservation and restoration, interpretation, docu-
mentation, and protection of heritage, as well as its management. Practical work, through the building
of a wall with the use of materials present in Roman Viminacium, as a unique experience, brought to-
gether a large number of participants.

Although the topic of the project was related to historical mortars, the organisers wanted to bring
together researchers and experts who deal with different materials used throughout history for the con-
struction of buildings but also for the production of artifacts. The results of extremely complex mul-
tidisciplinary studies of historical materials are important not only for gaining knowledge about their
composition and methods of production, the process of exploitation of raw materials, transport, and
trade, but also for all kinds of connections between people. Their use ensures responsible conservation
practices with the application of materials compatible with historical ones, but also the development of
new products in the field of industry. One of the project aims is the promotion of the use of local raw
materials and traditional techniques in the production of conservation mortars, but also their improve-
ment in accordance with today’s circumstances and the environment in which historical buildings are
located. What all historical materials have in common is that they were mainly created using locally
available raw materials, they were guided by the experience and practicality of people, and improved
over generations.

Most of the papers in this volume of the scientific journal Archaeology and Science are dedicated to
the topics of the Viminacium event, with their authors as participants. Given that the theme of the event
connected an extremely large number of scientific fields, this volume includes other papers that relate to
them, all contributing to the research, protection, and interpretation of cultural heritage.

Archaeology, as a humanistic science, in collaboration with natural sciences, provides solutions from
the past employed by technical and technological sciences for the development of modern ones, invalu-
able to the contemporary world, especially regarding some of the most current topics, namely climate
change and sustainable development. It is with this thought in mind that the content of this volume of
the journal Archaeology and Science was conceived.

Emilija Nikoli¢
Institute of Archaeology, Belgrade
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A REAPPRAISAL OF THE ETHNIC PERSIAN INFANTRY IN THE
ACHAEMENID ARMIES

ABSTRACT

The form and function of the ethnic Persian infantry of the Persian Wars is little explored, although
there have been many issues correctly identified by a number of scholars. Such are stereotypes, an overeager
use of Occam’s Razor and a distinct refusal to merge data from sources of less than 100 years apart under
the silent pretext of possible reforms and resets. The combination of the report of Xenophon with that of
Herodotus, and then with Arrian and Strabo, identifies the Persian draftees of the home guard and of
the establishments/colonies of Persians abroad. These troops may have been called Kardaka and initially
trained as sparabara archers of the standing army for a 10-year period, and then, when admitted to the
citizen class as reserves, they were redelegated as close-quarter battle troopers, bearing body armour. This
report by Xenophon and Strabo identifies the elusive Persian cuirassiers serving with Mardonius in Hero-
dotus as the mobilised reserve Persian infantry and elucidates Arrian’s of Kardaka, suggesting a massive
rearming effort by Darius III to hoplite standards.

KEYWORDS: ACHAEMENID PERSIANS, SPARABARA, TAKABARA, KARDAKA, CUIRASS, AKINAKA.

INTRODUCTION paradigm. Xenophon, having fought both against
and alongside the Persians, mentions high-angle
The Persians recast the already ancient fighting  shooting by Cretan archers as an oddity due to the
duo of shield-bearer and archer, seen in Mesopo- lack of proper ammunition (Xen Anab III1.4,17)
tamian illustrations and occasionally mentioned and, while corroborating Herodotus on the large
in the Iliad (VIIL.266-72), so as to maximize size of the Persian bows (Xen Anab II1.4,17 and
firepower. The Persian version included one Her VIL61,1), he makes it clear that their range
shield-bearer (similar to the pavisarii of the Mid- was less than the range of the Rhodian slingers
dle Ages) followed by nine archers, in a single file, (Xen Anab II1.4,16), implying direct shooting.
which provided a deep landing zone for the ar- Moreover, all archers were armed with a spear and
rows (Sekunda, 1989). This depth accommodated  sidearm (sabre, dirk, such as the “akinaka’, or axe, such
for errors in aiming and was also excellent for as-  as the Scythian “sagaris”) as were the shield-bearers;
saulting an enemy deployment in depth, destroy- thus, they could all engage in hand-to-hand combat
ing its cohesion. It also insinuates that archery (Raaflaub, 2013); again, the reader of the Iliad can re-
duels were fought with arrows flying at relatively late (Il XV.466-75). Once the arrows caused casualties
low angles, in direct shooting; else the spara shield and disruption, a violent charge was initiated to de-
would offer but little protection to the rear ranks. stroy the enemy, and this onslaught was performed by
The high angle used by the English archers during  all the fielded troops, increasing both the power of the
the Hundred Years’ War may not be an accurate impact and the killing efficiency.
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This was the Persian line infantry, called the
Sparabara due to the Spara, the long, rectangular
leather-and-wicker-made shield of the file leaders.
It was very different and much lighter than the
(mainly) plank-constructed pavises of the Middle
Ages. Other nations of the area, like the Medes,
used it or a version of it and, in any case, adopt-
ed it under the Persian sovereigns. It is possible
that their use of such equipment predated that by
the Persians, but this cannot be surmised. In his
7th book, Herodotus describes at least three more
national contingents outfitted similarly to the Per-
sians (Her VIL.62).

The spara was rectangular and flat, thus pro-
viding coverage without any seams and openings,
especially when in contact with the other spara
of the rank. It was easy to set on the ground, to
create a seamless barrier or rather a field fortifica-
tion from where to shoot in relative safety, with-
out burdening the wielders hands and interrupt-
ing their firing sequence. It was very light, which
allowed the wielder high mobility, such as during
forced marches, violent charges, manoeuvring at a
jog and fast pursuits in the heat of battle. Its beauty
was, though, that it was not issued to all troops,
but only to the file leaders.

It is unclear whether all troops of such a com-
bined formation were called Sparabara; this issue
relates, most probably, to the existence or not of
shields for the nine archer-spearmen. Greek pot-
tery shows Persian archers with sabres, with or
without a cuirass, but never with a spear. The latter
is obviously artistic license; the reliefs of Persepo-
lis show Persian archers in ceremonial dress, with
conventional quivers or combined “gorytos” quiv-
ers/bow cases, carrying spears and occasionally
straight dirks (akinaka). What is a bit more con-
fusing is that Greek pottery shows sabres, or rather
cleavers, but the Persian reliefs and Herodotus refer
to akinakes dirks (Her VII.61,1). The cuirass might
have been issued selectively (Charles 2012). The ob-
vious choice would have been to issue them to the
dathapata file leaders of the sparabara who would
bear the brunt of close-quarter combat and perhaps
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missile barrages. Such armour can be identified with
the Egyptian style mentioned in Herodotus (Her
1.135) and seen in Greek art. Additionally, the other
type of cuirass, the iron-scale type (Her VIL61,1),
was issued to or otherwise used by cavalry, at the
very least by noble cavalrymen (Her IX.22,2), if not
by the entire mounted host of Persian stock, and/
or by the elusive cuirassiers (Her VIII.113,2), had
they have been an infantry unit (Charles, 2012) as
suggested in this work. Alternatively, they could be
identified with one of the two 1,000-strong infantry
royal guard units (Her VIL.40-41), most probably
the first one (numbered in order of appearance in
the narrative of Herodotus), which was made up of
commoners, with spear counterweights of a pome-
granate shape (Her VII1.40,2 & 41,3) and probably
recruited on merit from the Immortals (Charles,
2012).

It is also unclear whether the spara-bearing file
leader, portrayed with a cuirass or jerkin (obviously
the Egyptian style mentioned in Her I.135 made from
stuffed linen) on Greek pottery, was an archer as well.
The Spara could be solidly planted on the ground,
as seen in said pottery, so both hands were free, but
only a portion of the abovementioned representa-
tions show a bow (but not a quiver) for spara-related
troops (Miller, 2006/7). Herodotus (VIL61,1) con-
fusingly endows all Persian national infantry with a
full kit of wicker shield of unstated shape and size, a
short spear, a long bow hanging from the shoulder
(from where it could be brought to notch position
with just one move within the left palm), one quiv-
er on the back (for fast drawing of the reed arrows),
iron-scale armour and a dirk hanging from the belt
to their right side. Herein lies a problem: there is not
one image of a Persian with such a full kit, making
the description of Herodotus read like the full inven-
tory of the infantry, rather than the standard-issue
kit of an infantryman.

The spara was quite a feat of manufacturing, de-
spite its mundane materials, and had a sizeable foot-
print. The size and form of the spara allowed the for-
mation of a veritable shield wall, as mentioned above,
with the file leaders planting their spara one next to
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the other to create a movable linear field fortification,
from which they were entrusted to repulse by spear-
thrusts any enemy resilient enough to cross the hail
of arrows and assault their shield wall. It should be
noted that, contrary to some views, there could be
little possibility for more than one spara bearer per
dathabam (10-man file). Even less so for an adjust-
able number of spear bearers according to the tactical
situation (Ray 2009). The idea that an array of weap-
ons was available to all soldiers and the selection was
made before deployment is impractical for anything
but pitched battle, as it denies the ability to deploy
promptly after a forced march or in battles by en-
counter. It might be suggested that all sparabara, all
ten warriors of the file, had a spara. This would cor-
roborate with the abovementioned text of Herodotus
(Her VIL61,1), and also with texts from Xenophon
(Cyr 1.2,9) and Strabo (Geog XV.3,19), although this
would change the whole concept of the Sparabari as
we understand it....

Thus, the Persian armies had multiplied their
firepower, as almost all of the (first) line infan-
try shot bows and then doubled as shock troops
(Raaflaub, 2013). The Persians had practically
doubled the effective sizes of their armies, and
by fielding quite large ones they were really able
to cloud the sky with their arrows (Her VIL.226).
An ethnic Persian boy was taught from the age
of 5 until 24 to ride, shoot a bow and speak the
truth (Her 1.136; Strabo XV.3,18), and then he
was required to follow either a military career or
be released to civilian life as a reservist, always
prone to mobilisation (Xen Cyr 1.2,13). There was
a slight problem though: the infantry was by far
the Persian decisive arm. Xenophon (Cyr 1.2,15)
estimates that the Persians were approximately
120,000 souls. This however, may mean the por-
tion of the Persian nation that was eligible for con-
scription and fully enfranchised. The bondsmen/
bandaka were the intermediate social stratum, be-
tween the slaves/mariaka and the aristocrats/azata
(Sekunda, 1992) and accounted for the equivalent
of the free citizenry, who were clearly the bulk of
the manpower. These could not own a horse and
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had no military use for it. So how, and, most im-
portantly, why would they need to “learn to ride
since childhood”? Most probably, the renowned
motto referred to the scions of the Persian nobil-
ity, similarly to the slightly more expansive and
diversified syllabus of Homeric heroes and medie-
val knights. It is possible that this kind of training
was provided to all enfranchised Persian youths
who could afford the public training (i.e., azata
and bandaka), possibly under the collective term
of Kardaka (see below). The acquisition of a horse
could occur during adulthood, due to legitimate
gains from any conceivable resources or activities,
including, but not limited to, plunder, the spoils of
war, granting by the authorities for virtue or cour-
age or nominal purchase or promotion. Thus, the
training syllabus followed should have anticipated
such possibilities and included basic horseman-
ship skills learning for all eligible conscripts to
better exploit further developments in the career
of any of them.

THE PERSIAN INFANTRY IN THE
PERSIAN WARS

The long Persian bow, firing a long, hollow ar-
row shaft (Her VII.61,1) had a good range (Xen
Anab II1.3,15). The massive firepower practically
reduced any need for defensive weaponry, which
brought down the cost and increased the flexibil-
ity, speed and endurance of the troops. Although
Persian troops are regularly mentioned as unar-
moured (Her IX.62,3), Herodotus mentions iron-
scale cuirasses for the Persian national infantry,
possibly implying the first-rank Sparabara (Her
VIIL.61,1) but this may be a mistaken supposition.

In any case, such armour was a quantum leap
compared to the bronze-scale panoplies of cen-
turies previous. Moreover, quilted jerkins and
equivalents to Greek linothorax models are shown
in pottery for imperial troops, the archers and/or
sparabara. By any account, the protection afforded
by the Persian shield and armour was optimised
against arrows, as they were the only actual threat
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to the Persian war machine, and secondarily
against a chance slashing blow in the melee. Still,
this picture of both literary and representational
evidence is very far from the picture of “naked’,
fully unarmoured troops explicitly referring to the
Persian line infantry and considered a key reason
for their defeat in Plataea (Her 1X.62,3).

The short spear with the apple-like (or spher-
ical, sensu lato) counterweight (Her VII.41) was
more important than usually acknowledged.
Short in length, it was useful in congested condi-
tions, such as the melee after a storm of arrows.
Its spherical counterweight and short length made
its use safer for the rest of the ranks, contrary to
the constant danger for the following ranks repre-
sented by the butt-spike of the Greek spear. This,
usually disregarded, spherical counterweight al-
lowed the user to hold the shaft far towards the
back, which allowed the maximisation of the use-
ful length and reach within a given total length,
with minimal projection backwards. This feature
further enhanced the collective safety and reduced
the cumbersomeness of such a weapon. It must be
noted that the Greeks had difficulty spearing in
congested conditions and preferred spear fights
at a distance in set-piece battles and/or on open
ground. The Persian spearman, due to his nimbler
weapon, could be more mobile in the open and
more dexterous in congested conditions, although
at the cost of a somewhat reduced reach. Some
projections assigned a central grip in an overhead
position as the sole technique of using the Persian
infantry spear, resulting in limited reach, maybe
only 1.4m. Both this conclusion and the notion
of fragility due to its smaller shaft diameter (Mat-
thew, 2013) might be due to a misunderstanding
that confuses the dual-use palton of the cavalry
with the counterweighted infantry spear attested
by Herodotus (VIL.41,3) and shown in various
reliefs. The counterweight allowed, as mentioned
before, a very asymmetrical hold, near the rear tip,
and also both high and low positions, with the lat-
ter offering a longer reach and being reminiscent
of the Iklwe of the Zulus under Shaka; the former
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was the only suitable grasp for use from behind
a fully developed spara wall, where spearing over
the upper edge of the spara was required.

Moreover, the counterweight allowed a po-
licing function, as a less-than-lethal club for riot
control, and an alternative military function: as
a lethal club to strike at heads and to break in-
flexible shields and armour, thus giving the user
a dual-use weapon: a battle club with substantial
reach paired with the conventional spear. This is,
by itself, a noteworthy innovation compared to the
armament of the Assyrians in the Army of Xerxes,
which included the lance, club and dagger (Her
VIL63).

Furthermore, it is as yet unresolved what the
Persian spearman-archer would do with his spear
when shooting arrows: leaving it lying on the
ground would make picking it up somewhat dif-
ficult, while the possibility that the sphere allowed
it to balance upright should be taken into consid-
eration and tested on different types of surface.
Without the butt-spike of the Greek weapons it
might have been planted on the ground head-on
(Ray, 2009), which would expose its point to dam-
age and rust; but also infest it with soil microbes,
adding a septic dimension to any wound.

The sparabara may not have been intended for
a defensive main function, meaning to pin down
and bleed the enemy, as is commonly projected
(Ray, 2009). Their purpose must have been the
dispersal and stunning of the enemy. This would
allow to tilt sideways or retract by any other means
the few light spara, thus enabling a massive egress
of the spearmen-archers. The latter would deliv-
er a violent charge with close contact weapons to
fragment the enemy by eroding his unity and dis-
solving his line, very much like the practice of the
Roman legionaries some centuries later. Without
this in mind, one cannot explain the use of spears
barely able to reach a target positioned two ranks
ahead by all 10 ranks. Practically, the fighting style
of the Persian infantry was very Roman-like, per-
haps lacking the same kind of body armour and
using the bow instead of the javelin as a missile
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and the short spear instead of the gladius-type
sword for close-quarter combat. (Xen Cyr 1.2,9 &
13; Her VII.61,1; Strabo XV.3,19)

The file of ten men was both operational and
administrative. It was the administrative unit, but
also the standard file of one shield-bearer who led
and commanded the file (Dathapatis) and nine,
most probably, but not definitely, unshielded ar-
chers. All ten men were armed with a spear and
sidearm. Thus, the standard file depth of a Persian
unit was ten, and to increase the depth for a better
defensive function or to adapt to a confined space,
the successive deployment of units in consecutive
lines was most probably the standard procedure.
If a higher echelon was depleted or undermanned,
personnel were reassigned and restructured to
create full units. For example, a Persian centu-
ry (Satabam) may be understrength, maybe be-
cause some dathaba had been dispatched to other
guard/outpost duties and, thus, less than 10 datha-
ba were present. In mobilization, such dispatches
would return from their remote deployment to
the base of the unit/Satabam to bring the latter
up to strength for expeditionary duty. Still, low
manning and casualties could also be reasons for
understrength dathaba. Consequently, a Satabam,
originally of 100 men in ten Dathaba, if left with 70
men, would disband three of its Dathaba and use
the residual manpower to fill the remaining sev-
en Dathaba to full strength (Ray, 2009; Sekunda,
1992). The net result was that understrength units
may cover smaller fronts but always had a steady,
10-man deep landing zone for their arrows, when
assaulting the enemy.

The decimal organization does not exclude the
possibility of a binary tactical division, where in
each echelon one half would be under a vice-com-
mander (Xen Cyr II.1,22-6). The 50-strong com-
panies of the Kardaka trainees (Strabo XV.3,18)
suggest such a scheme, perhaps from the datha-
bam (two half-files of 5) to the baivarabam (two
commands of 5,000).

With Herodotus there is a tacit question: Af-
ter the engagement at Plataea, the Imperial Army

found refuge in their fortified camp, from where
they repelled Spartan assaults. How exactly did
they do that? The ready answer is “with their bows
and javelins” However, they did not carry many
javelins. The cavalry, if the later, 4th century BC
practice is taken into consideration, would have
been issued with the pair of palton double-pur-
pose spears, one for hurling one for thrusting
(see later), and in that day they had just shot all
the available ones, and perhaps then some, after
rearming at the rear. The infantry had their bows.
They were shooting relentlessly and in some cases
threw away their bows to revert to sidearms. Thus,
many had no arrows, others no bows. If the case
made below for the CQB (close-quarters battle)
-oriented cuirassiers holds water, and some had
no ranged weapons at all, what were they using?
The answer may be “their slings” Roman le-
gionaries are supposed to have had training to this
weapon as standard, and use it to repel attacks at
their fortified camps. Perhaps due to this knowl-
edge Strabo says that all Kardaka (meaning fully
enfranchised draftees) had slings (Strabo XV.3,19).
The sling takes no volume and has no weight, thus
the vets may have carried it even when they de-
ployed for CQB, with a sidearm and shield, and
used it when and if needed, as in hunting. This
suggestion is not accepted by Xenophon, who pro-
vides some useful details for the tactical use of the
sling by the Persians (Xen Anab II1.3,17 & 15 & 7)
but explicitly mentions the slingers as a specialised
branch of the Persian army, not the everyday rank
and file (Xen Anab IIL.3,6 & 4,2). This, of course,
may be due to the Greek practice, where nobody
knew how to use a sling apart from some Rhodi-
ans, serving as Hoplites but having training, skill
and knowledge in slinging as a national tradition,
sport or customary weapon (Xen Anab III.3,16).
Although Xenophon is highly unlikely to have
been anything other than perfectly informed on
all things Persian (he campaigned with Persians,
side-by-side, for a year or so), it is the only plau-
sible explanation, and not entirely unprecedented.
It is still a mystery the way the Greek hoplites were
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expected to fight off their enemies on broken ter-
rain. When in the defensive, how were they able
to engage and repel the attackers. They were not
trained slingers, and by casting stones and rocks
they could not expect to stop hoplites, although it
certainly helped. However, a most successful use
of stones cast by hand is described (Thuc 1.106.1-
2) as a peculiarity, a phenomenon due to the very
peculiar conditions of the terrain. What were they
using in regular conditions, for example how were
supposed to engage the attacking enemy the Athe-
nian hoplites serving on and defending the Long
Walls of Athens? The spear was useful at the last
2-3 meters. Not taking advantage of the exposed
enemy for some tens if not a hundred metres was a
waste, considering the investment in fortifications.
Perhaps all these points might imply a tacit case
for the javelin. All the troops were trained to use it,
being the weapon of the hunter as the Greeks had
no love for the bow. The insistence of Xenophon
for the usefulness of the hunt as training for war
(Xen Cyr 1.2,10) cannot be explained if the casting
of javelins is not considered a skill needed by ev-
erybody, hoplites included. The peltasts and other
light infantry (and the cavalry from the early 4th
century) kept using it even in field action and set-
piece battles, where the hoplites would trust their
spear. Whether the Persians would make a simi-
lar case (Xen Cyr 1.2,8), instead of the abovemen-
tioned for the sling, remains plausible.

LATER SOURCES

The authority on the Persians is Xenophon,
as he fought with and against them and saw and
studied them from within. He is occasionally sus-
pected of promoting his own ideas, some stem-
ming from Spartan and others from Athenian
practices, projecting them as Persian ones, espe-
cially in the semi-fictional Cyropedia. The point
is, though, that most feudal/aristocratic societies
had, throughout the ages, many things in common
and, thus, similarities may be actual and not due
to assumptions. For example, the fervently egali-
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tarian Spartans, were equals amongst their peers;
their society was strictly stratified and their kings
commanded the utmost respect and were assigned
divine lineage and honours, although not absolute
power, except during wars (Her V1.56-8). This sit-
uation is not very different from the Persians’: Xe-
rxes did not wage war until after the, more or less
biased, approval of the tribal council (Her VIL8).
The proceedings of the Macedonian Kingdom
were similar: Alexander had to persuade the army
to undertake successive campaigns once a set ob-
jective was achieved (Arr Anab II.16-7).

Xenophon mentions that the Persian infantry
was divided, by age criteria, into a standing and
a reserve component (Xen Cyr 1.2,13-14). Both
components could be used for expeditionary ser-
vice abroad, and they differed in both tactical em-
ployment and equipment. This differed from 5th
century Greek practice but was similar to that of
the Romans (Connolly 1981). The Greeks in the
4th century did differentiate, in terms of tactics,
their infantry by age, but the basic equipment
was that of the hoplite, minus the body armour.
These lighter hoplites were the mobile Ekdromoi,
the younger hoplites that assumed mobile tactics
(Xen Hell IV.5,14-6). But in essence the Ekdromoi
were able (and expected) to fight as the veterans
did, in a phalanx. The non-phalanx infantry was
not selected due to age, but to social status (Han-
son, 1983).

Thus, Xenophon directly states that the Persian
national infantry differentiated its armament ac-
cording to its active or reserve status: the former
were archers, the latter assault troops armed with
hand-to-hand weaponry and issued with cuirasses
(Xen Cyr 1.2,13). Thus two major issues in Hero-
dotus are resolved immediately: the first is the
identity of the cuirassiers that Mardonius selected
to remain with his host for the 479 BC campaign.
They were the veteran Persians of the infantry, and
not some cavalry regiment, as supposed based on
the explicit mention of the cuirass of the cavalry
commander Masistius in Plataea (Hdt IX.2), in the
context of a 422 BC catalogue of cavalry equip-
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ment and on the explicit mention by Herodotus
that the Persian infantry engaging the Spartans
had no armour (Her 1X.63,2). This common in-
terpretation implies that there was Persian caval-
ry without body armor, something unsupported
by evidence (including, but not restricted to, the
abovementioned catalogue) and very unlikely due
to their feudal status.

The second is the battle order of the Persians
in successive lines, as realised by Mardonius (Her
IX.31,2). It was simply two different lines of two
different troop types. The younger troops, form-
ing the standing army, were bow-armed sparabara
(Sekunda, 1992). The veterans may well have been
the takabara (ibid.), but this will be discussed later.

Another issue in Herodotus is the apparent in-
compatibility of his statement regarding the Per-
sian infantry equipment in the invasion force (Her
VII.61,1), where a bow, arrows, a spear, a sidearm,
a shield and armour (cuirass) are mentioned,
while the explicit description of said infantry in
Plataea was unarmoured.

The first passage obviously refers not to the
infantry equipment, but to the entire infantry ar-
senal in an aggregated manner. In this light, the
latter passage refers to the mass of sparabara im-
pacted by the Spartan phalanx once their arrow
barrage had been defeated and their spara wall
overcome. These troops, if caught before being
exchanged with the posterior units, as was the le-
gionary SOP, would have been slaughtered, given
their disadvantage without protective armour.

There is an issue with the secondary equip-
ment. The interpretation followed here accounts
for the spara shields, carried by the command-
ers of the 10-man file, the dathabam. The spara
protected the file from arrows and other missile
exchanges. However, this leaves open the issue of
individual shields for the rank and file for use in
more contested conditions, as in the assault after
the archers’ barrage. Herodotus implies that the
Persian archers were equipped with some sort
of close-quarter weapons (Her 1X.62,1) as sec-
ondary arms, but this is all. Shields are not men-

tioned. By the same token, the veterans are ex-
plicitly mentioned by Xenophon to bear armour
and close-contact weapons (Xen Cyr 1.2,13), but
the examples he provides are limited to shields,
axes, and sabres, plus a very clear but not helpful
mention regarding equipment depicted in con-
temporary art. Whether spears were issued re-
mains contentious. It is confusing that he insists,
as does Strabo (Strabo XV.3,18-19), on the issue of
a pair of dual-use spears (palta), while ceremoni-
al and artistic depictions from Persia and Greece
show counterweighted thrusting spears for some-
kind of-infantry, corroborating Herodotus (Her
VIL41,3).

Greek art is mentioned by Xenophon and
should, at this point, be brought into the discus-
sion. Achaemenid troops are occasionally shown
with cuirasses, axes, sabres, small scalloped shields
or body shields. Initially, the Greek artists would
have had witnessed live Persians themselves, or
at least the equipment taken as booty, but even-
tually, pottery copies might have become a prod-
uct of higher volume and lower fidelity. Patterns
may have been created by different workshops and
applied massively. Thus, some types of cuirasses
could have been depicted whenever an armoured
figure was needed, Greek, Persian, Amazon or
whatever. This would explain the use of Greek
type linen corselets, complete with Greek symbols,
by Achaemenid troops, instead of the iron-scale
type mentioned by Herodotus (Her VIL.61,1) and
Strabo (Strabo XV.3,19), although in later years
the acquisition of weaponry, especially some spe-
cific items, did find their way across the borders,
as in the case of the army of Cyrus the Younger
(Xen Anab 1.8,7). Whether Persian infantry with
scalloped shields, and spears, obviously Takabara,
may be identified with Xenophon’s Persian vet-
erans is a valid question, whenever cuirasses and
sidearms are not shown. When they are shown,
the identification may be considered secure. The
file leaders of the sparabara could well have been
issued with body armour as well, and there are
such representations with a corselet being inter-
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pretable either as a scaled/lamellar version of a
linothorax, or as a genuine linothorax, or as a pad-
ded jerkin made from some type of soft material.
Oblong spara bearing troopers armed with bows,
spears and sabres/ cleavers are often depicted in
Greek art (Miller 2006/7)

Herodotus mentions nothing about javelins as a
weapon of the Persian infantry, but seems to consider
it having been issued to cavalry only, and as their main
weapon at that (Her VIL61,1 & IX.17,3). Both imperi-
al and Greek representations support this view; clearly
showing spears, not javelins. The spherical, apple-like
counterweights in imperial representations indeed
imply spears, not javelins, for two reasons: the obvious
one is that they would weigh down a missile, reducing
its range and upsetting its balance. The less obvious
reason is that they are immensely useful for spears as
already mentioned. They allow a longer reach by bal-
ancing it when held near the back end, thus increasing
the useful length of the shaft. The spherical counter-
weight also allows the weapon to be used as a crushing
instrument, reversed as a mace, or held in two hands,
like a fighting shaft in oriental martial arts. Even in Xe-
nophon it is not clear whether the javelin was among
the weapons of the standing army; it is clear that it was
not used by the veterans.

Greek art shows Achaemenid troops with a spear
or sidearm and a small shield. These are usually iden-
tified as takabara, and it has been suggested (Sekun-
da, 1992) that these were garrison troops rather than
expeditionary troops. This might have been the case,
but it is just as possible that these were the veterans
mentioned by Xenophon and were encountered
more often when the Greeks took the offensive,
possibly deprived of the support of expeditionary
elements if the aggressors launched surprise attacks.
The cuirass may have been carried over or under the
garment (Her IX.22,2). It is debatable whether dou-
ble-scalloped shields in Achaemenid representations
of spearmen suggests takabara and/or veterans (if the
two are not the same). Another interpretation is that
these are one of the two guard units (Her VI1.40-1),
with the other one being represented without shields,
actually with spears only.
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Successive baivaraba: a blunder or a tactical
improvisation?

The area of impact of arrows shot by a bai-
varaba must have been roughly equal to its own
depth, i.e., the depth of the dathabam, nearly 10-
15 metres, which is double the depth of a stan-
dard hoplite phalanx. A hoplite phalanx run-
ning could cover that distance in 5-10 seconds,
which means that it would be impacted by two
arrows per archer before its motion makes nec-
essary a correction of the aiming. A deployment
based on successive baivaraba, if these were all
made of sparabara, which is debatable as already
mentioned, means that this zone would be made
deeper, perhaps proportionately, which would
also allow the target to remain for longer within
the landing zone of the arrows without any aim
correction being required. The preceding bai-
varabam, thus, would have time to correct its aim
and adjust for distance while the target is pound-
ed by the following baivarabam. In this way, the
target, although running fast, would be kept
under a continuous hail of arrows. Alternative-
ly, when the quivers were empty, a baivarabam
posted to the rear could slide through the ranks
to the front (or a front one slide into the rear),
to allow the rear one to emerge, so as to present
the enemy with constant fire and a deep maga-
zine, reducing any notion of vulnerability due to
spending all the arrows of a quiver. Nonetheless,
this is a hypothesis based on an all -sparabara
contingent. If the second echelon were takabara,
or the CQB-oriented Persian veterans, endowed
with armour, they could well slide into position
to take the brunt of the Greek onslaught with
their better CQB-oriented equipment (Xen Cyr
1.2,13).

KARDAKA: A REAPPRAISAL

The difference in equipment between the expe-
ditionary and the reserve parts of the Persian na-
tional conscription (Xen Cyrop 1.2,13-14) might be
evident more than anywhere else during the reign
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of Darius III. In the battle of Gaugamela, there
were no masses of sparabara, nor storms of arrows.
A backward, pastoralist tribal unit of Persis, the
Mardians (Her 1.125,4), are explicitly stated to have
beeen archers in the Acahaemenid deployment at
Gaugamela (Arr Anab III.11,5), as if to underline
that the other Persian infantry were not.

Actually, Arrian in Issus mentions two wings
of 30,000 Kardaka each, describing them as hop-
lites and totalling 60,000 (Arr Anab I1.8,6). The
number is reminiscent of the extrapolated Achae-
menid corps strength as described by Herodotus
(Her IX.96,2 &VIII.126,1)and could well imply a
common drafting area; Persis should be under-
stood, due to their elite status, as being posted on
the flanks of] the invaluable Greek mercenaries
(Arr Anab I1.8,6).

Thus, Arrian should be understood as men-
tioning Kardaka outfitted as hoplites, not Karda-
ka being (by definition) Barbarian hoplites. What
the herodotean term was for such troops is elusive
and would have shed light to their identity; the
suffix ~ka means man, generally a human subject
(see amrtaka, bandaka, mariaka) but not troop-
er, which is —-bara (artsibara, sparabara, takabara).
With Strabo (XV.3,18) this is indeed the case and
the meaning is looter, robber or manly one, pos-
sibly a wrong interpretation. Arrian might refer
to some effort of the known military innovator
Darius III, who issued enhanced offensive arms
(Diod XVIIL.53,1) and fielded scythed chariots ex-
tensively (Arr Anab II1.11,6-7; Diod XVIL.53,1-2),
along with elephants (Arr Anab III.11,6), to re-
cast the Persian national infantry in a hoplite form
(Charles 2012; Bosworth 1980), so as to follow the
most successful paradigm of the day, that of his
Greek mercenaries and “frenemies”

Whether the mercenary commander Cha-
ridemus of Athens was behind this rebooting is
anyone’s guess. His insistence to lead a campaign
against Alexander with a specially raised army
(Diod XVIIL.30,3), not a regularly drafted one,
shows some anxiety over the selection, training
and abilities of troops and perhaps a concern and
pressing need to test his creation, which would
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have been heavily criticised, at the very least, by
Persian aristocracy. His anxiety was so acute that
it cost him his life, and the Persians their empire
(Diod XVII.30,4-5). The Achaemenid deployment
at Issus, with a first line of 90,000 heavy infantry,
a third of which were Greek mercenaries (Arr
Anab I1.8,6) sounds suspiciously like the proposal
of Charidemus (Diod XV1II.30,3), with the 10,000
balance probably being cavalry in the Greek 1:10
cavalry to infantry ratio..

If indeed the Kardaka were the Persian troops
mobilised for expeditions out of Persis (Xen 1.2,9
& 13), the militia (Xen 1.2,14) must have been left
with the standard kit (Xen 1.2,13). These were the
40,000 infantry troops mobilised by Ariobarzanes
to defend the Persian Gates (Arr Anab II1.18,2).
The division of a national levy into two parts, with
the younger part, the active army, being rebooted
and outfitted with new gear while the rest, the vet-
erans/reserves being left with the traditional outfit,
has a historic parallel. It may be detected in the An-
tigonid creation of Romanised infantry out of their
active army phalanx units (Sekunda, 1994, Polyb
XXX.25,3). The whole idea of the Romanisation
may have been a misunderstanding (Van Wees,
1997), with the objective not to introduce/produce
a local version of the legionaries, but rather to de-
velop a tactically flexible medium infantry type, the
Thorakites troops of the era (Beston, 2002). The
change, though, irrespective of its specifics, must
have included only the active army component and
not the reserves. Other cases of massive re-equip-
ping, such as the Romans becoming hoplites and
then manipularii (Diod. XXIIL.2,1), include the
Achaean confederates turning from hoplites (Paus
IX.22,6) to thyreophoroi light infantry and then to
fully armoured pikemen (Plut Phil 9,1-2) and the
Lacedaimonians becoming pikemen (Plut Cleom
11,2) and are well attested, but whether the change
referred to the whole levy or just to active units can-
not be safely deduced; the whole levy is implied in
all these cases, especially ex silencio.

If Xenophon’s testimony and that of Strabo are
combined, they produce a coherent picture: the
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Persian males were divided by age into children
from 5 or 7 to 16, youth to 25, grown men to 50,
and elders over 50 (Xen Cyr 1.2,4 & 8 & 13). The
elders make up the militia and do not campaign
abroad. When the Persian youths are mentioned
they are only the enfranchised part of the male
society, which graduated from the public educa-
tion system (Xen Cyr 1.2,15), and they qualified
for leadership positions (Xen Cyr 1.2,13). They
served from 16 to 25 as the expeditionary, stand-
ing part of the Persian army (Xen Cyr 1.2,12) - the
Spartan counterparts served from 20 to 30. It is
this part of the citizen body that must have been
the Kardaka, as the translation by Strabo (XV.3.18)
means anything from warriors to yeomen, while
any association to the word Kara, the Persian con-
script army (possibly its standing part but con-
ceivably the full force), is for linguists to prove
or reject. If the association exists then Kardaka
(Strabo XV.3,18) were the members of the Kara,
and this means soldiers. According to the mean-
ing of the Kara, the standing or the full force, the
Kardaka were the ones serving at any given time,
(Strabo XV.3.18); originally outfitted as sparabara,
at Issus as hoplites. If Kara implies the full force
(Strabo XV.3.19), the Kardaka were outfitted with
two different suites of weapons i.e. as Sparabara
and as Takabara (Charles 2012), as described for
youths and men by Xenophon (Xen Cyr 1.2,9 &
13 respectively), rather than the obviously all-in-
clusive detailing of weaponry by Strabo (XV.3,19).
The latter concept, based on the full force would
fit their massive numbers in the works of Nepos
(Datames 8.1, 100,000 Kardaka) and Arrian (Anab
I1.8,6 mentioning 60,000 Kardaka). The 60,000, as
mentioned by Arrian, equals half the total number
of the enfranchised Persians given by Xenophon
(Xen Cyr 1.2,15), that is 120,000. This relationship
corroborates the practice of mobilizing only half
the available force for a task (Xen Cyr 1.2,9).

It is unclear what happened with the disen-
franchised youths, who had no means of suste-
nance to graduate from public education (Xen Cyr
1.2,15). One would expect that these would have

20

been few in number as Persia became an empire,
but in Sparta the Imperium drove more people to
a disenfranchised status.

Given that Kardaka refers to both the caval-
ry and infantry draft (Strabo XV.3,19), it is not a
troop type. It is a term for a socio-military classifi-
cation, before and beyond any assignment of par-
ticular arms. Thus, when it is found in our sources
it perhaps indicates a lacuna in the source’s knowl-
edge of the troop type, perhaps in a transient pe-
riod or a period of experimentation. Whether the
Kardaka of Datames were sparabara, takabara or
Iphicrateans, archers, javelinists, lancers/pike-
men/spearmen or any other troop type is impos-
sible to conclude. What is very obvious, though,
is that although Xenophon’s account refers to the
proceedings of a royal city (Xen Cyr 1.2,9), this
is not so; it applied in other parts of the realm,
where the highest authority was not the king, at
least not for the control of routine functions (Xen
Cyr 1.2,5). The same social mechanics applied in
different cities both in Persia and in the Persian
colonies located in different satrapies, where the
layout of the Persian administration would have
been established, as the highest authority was the
king or the satrap (Strabo XV.3,18). In the latter
case, land ownership for the Persians would have
been at the expense of the defeated, (Her VI.20);
for example, the Persians defending Sardis after
the surprise of the insurgents’ advance took them
unawares (Her V.100-101), must have been of this
category.

Last, but not least, Xenophon (Cyr 1.2,8-9) and
Strabo (XV.3,18) do not agree with Herodotus in one
most important issue: the javelin, at least for the in-
fantry. In Herodotus, javelins are the main (perhaps
not the only) weapon of the Asabari cavalrymen. The
infantry had short spears, and there is no mention of
casting them. Xenophon and Strabo both agree that
the equipment of the Kardaka (in the latter) and of
the standing army/Kardaka (in the former) includes
the javelin and that it was used regularly. Moreover,
a pair of javelins were used as the cavalry palta, one
for hurling, the other for thrusting. There is no men-
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tion of one spear, as is implied in Herodotus and seen
in the representations. Either the infantry equip-
ment had been changed, with the palton replacing
the short spear, or the use of the palta was a part of
the training applicable to cavalry service (Strabo
XV.3,18) while being part of the syllabus of both
arms. It must be noted that in Arrian and Xenophon
the Persian cavalry does not use bows, they fight with
palta and sidearms.

Similarly, the representations and Herodotus
corroborate each other in the matter of counter-
weighted spears that could not be used as javelins.
However, there is not one mention in Herodotus that
suggests that regular infantry spears, like those of the
Persian national contingent (her VIL.61), were coun-
terweighted. They were short, but the counterweight
might have been a privilege of the elite units due to
its peculiar tactical use, as already mentioned.

CONCLUSIONS

The ethnic Persians, in their homeland or when
living in occupied territories, had a standardised
public education system that produced fine soldiers
and aristocrats, a landed warrior caste. Due to their
conquests, few back home had want of means to
undergo this formal training, similar to the Spar-
tan agoge. The trainees and graduates were called
Kardaka. They were sparabara during the Persian
Wars and for their mandatory 10-year service as a
standing army. Then they moved to the reserves and,
when mobilised, they were deployed (as Takabara?)
for close-quarter combat, with a shield, sidearm and
body armour; this refers to the infantry. The cavalry,
perhaps drawn from the aristocracy, underwent the
same basic training, and riding was in the syllabus
for everybody. An infantryman might get rich and
be promoted to the cavalry in the course of war and
conquest.

The expeditionary quotum of the standing
army was 50%, contrary to the Spartan 2/3 of the
total force. The veterans were liable for mobilisa-
tion for expeditions abroad, but the quotum is not
mentioned. The reserves, not liable to be mobil-

21

ised to campaign abroad (“abroad” being very rel-
ative in a vast empire) are not further discussed in
our sources neither regarding their outfit nor in
any other function.

The Kardaka were perhaps recast to hoplite
standard by Darius III. The date is unknown, but
they were deployed with hoplite equipment in
333 BC, at Issus, where their performance was
substandard. Whether the veterans that valiant-
ly defended the Persian Gates the following year,
the last line of defence of Persis against Alexander,
had been outfitted as hoplites as well is unknown;
though they must have been the elders (militia)
of the Persian system, trained during their tour of
duty as Kardaka in the old ways and, thus, making
hoplites of them would have been a bad idea and
one that was most probably not pursued.
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REZIME

NOVI POGLED NA PERSIJSKU
PESADIJU U VOJSCI AHEMENIDA

KLJUCNE RECI: AHEMENIDSKI PERSIJANCI, SPARA-
BARA, TAKABARA, KARDAKA, OKLOP, AKINAKA

Forma i funkcija etnicke persijske pesadije iz peri-
oda Persijskih ratova slabo su istrazene teme, iako
postoje mnogi aspekti koje su brojni autori ispravno
identifikovali. Stereotipi, preterana upotreba Okam-
ove britve i izrazito odbijanje da se uklope podaci iz
izvora koji su manje od stotinu godina udaljeni, pos-
ledica su pre¢utnog izgovora da bi to moglo izazvati
promene i nova preslaganja. Kombinovanje Kseno-
fontovog izvestaja sa Herodotovim, a potom sa Ari-
janovim i Strabonovim, omogucava da se identifikuju
persijski regruti iz redova rezervnih snaga dobrovol-
jaca iz naseobina/kolonija Persijanaca van mati¢ne
zemlje; za ove trupe se mozda koristio naziv kardaka
i isprva su bili obucavani kao strelci sparabare za sta-
jacu vojsku, za period od deset godina, da bi potom,
nakon $to su bili primljeni u redove gradanske klase
kao rezervisti, bili preusmereni na borbu prsa u prsa,
noseci oklop. Ovi Ksenofontovi i Strabonovi izvesta-
ji identifikuju neuhvatljive persijske kirasire koji su
sluzili pod Mardonijem kod Herodota kao mobilisa-
na rezerva persijske pesadije i razja$njavaju Arijanovu
napomenu koja sugerise da je Darije III ulozio ogro-
man napor da ponovo naoruza redove hoplita.

-
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A UNIQUE REPRESENTATION OF HERCULES
DISCOVERED AT APULUM

ABSTRACT

The material presents a currently unique piece among finds from the former Roman province of Dacia.
On the occasion of archaeological research for a real estate project, a clay lamp with the disc decorated in
relief was discovered among other archaeological materials. The setting, preserved fragmentarily, renders
the scene of one of the labours of Hercules, the third, the capture of the deer of the goddess Artemis. The ar-
tefact is manufactured from clay, modelled in a bivalve pattern and represents an import to Apulum. It was
discovered in an early context, probably brought by the colonists who settled here after the establishment of
the Roman province.

KEYWORDS: LAMP, APULUM, LABOURS OF HERCULES.

INTRODUCTION mainly ceramic, comprising the entire typological
range of household dishes, but also fragments of
The Roman site of Apulum, a veritable Roman luxury dishes - terra sigillata.
conurbation in the province of Dacia, includes,
besides the two urban centres at a distance of up DISCUSSION
to three km, the praetorium consularis and the
camp of the XIII Gemina Legion, five distinct A lamp with the disc decorated in relief attracts
burial areas, arranged along the main communi- attention from among the common usage pieces
cation pathways of the era. Preventive research discovered. The piece was in a fragmentary condi-
occasioned by the development of the present city ~tion, being glued and completed upon restoration.
have revealed in recent years both archaeological It comes from the early 1ev§:ls of habi.tation, from
structures that provide a coherent image of the an- the same context fr Om,_WhICh a Cocis 19al-type
. . . . fibula (Bounegru et alii 2011, no cat. 229) also
cient urban development, and heritage pieces with

documentary value, some of them with a unique %'~
b u ; Y ’ uqu The lamp belongs to the type with volutes and
character.

) . ) a rounded beak (Fig. 3). The border has a circu-

The dlscpvery to which we will refer below larly arranged pearl ornament on the outside. The

was made n the. Partog neighbourhood erm decor of the disc depicts a scene in which a beard-

Alba Iu.ha, Gemenilor Street, no numbe, du.rmg ed character holds a herbivore in his left hand by

preventive archaeological research determined . . o 1. 1. pulling its head back, while his
by the construction of an estate (Fig. 1). The re-

. ) ) right arm is raised. He is pressing the back of the
search, still unpublished, led to the discovery of /i) with his left leg, which is bent at the knee.
some traces from removed walls, corresponding

he urb b £ devel but o] The animal, seen in profile, is a deer or roe deer, it
to the urban p ases ot deve o.pment, utalsotoan 4 quite difficult to distinguish the forked ear and
early level of a habitation with traces of wooden

) ) e horn on the right side. Although fragmentary, the
walls'. The archaeological material discovered was image retains a defining attribute for the interpre-

tation of the character: under the right arm is de-
picted a club. The tank is hemispherical in profile,

1 Considering the topography of the first urban set-
tlement at Apulum, our research concerns its eastern area.
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Fig. 1 Map of Apulum with the location of the discovery
marked.

supported on an annular base. Two small holes ec-
centrically located on the right side are preserved
on the disk. An insertion orifice is also preserved
on the beak. It has an overhanging, circular ear
with a central groove.

Dimensions: length-15 cm, disc diameter -
10.4 cm, H. basin - 3.2 cm.

The tank is made of fine paste, and covered
with a scarlet-coloured slipware. The beak and one
of the sides show traces of functional wear. The ar-
tefact is a provincial import. The accuracy of detail
indicates the use of a pattern copied from an origi-
nal piece. The handle has two asymmetrical edges,
and is crookedly glued to the tank.

The depicted scene represents the third labour
of Hercules, the capture of the deer of Kerineya.
Hercules seems to have on his head an exuvia
leonis, while the club is positioned separately.
According to mythology, the hero was required
to catch the golden-horned deer of the goddess
Artemis without hurting it, as this would upset
her. After chasing it for a year he catches it on the
plains of Arcadia without harming it. The labours
of Hercules are a favourite theme in imperial art,
with different forms of representation, especially

24

Fig. 2 Oil lamp discovered at Carthage, apud Deneauve
1969.

on monuments,> but also on ceramics or on the
discs of some Roman lamps.

In Vindonissa the discs of the published
lamps illustrate a diverse iconography, several fea-
turing the image of Hercules (Léeschcke 1919 cat.
49, 50, 71, 394). Several pieces decorated with the
head of Hercules or Hercules’ mask on an altar
were discovered at Viminacium (Kora¢ 2018, 613,
615).

In 1983 C. L. Bélutéd indexed all the oil lamps
from intra-Carpathian Dacia. Studying the paper,
preserved only as a manuscript, we noted that
there are no pieces with iconographic represen-
tations related to Hercules or his labours. Later,
in 1994, D. Alicu analysed typologically and sty-
listically the lamps originating in the research of
Ulpia Traiana, the de jure capital the province. He
mentions five representations of Hercules on the
disc of some type I lamps (Alicu 1994, 42; cat 14-
18). However, the iconographic composition is a
simple, frequent one (Loeschcke 1919, pl. IV, 49;

2 For the representations on the monuments in
Dacia, see Barbulescu, Nemes 1975, Barbulescu 1977 and
Barbulescu 1978.
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Fig. 3 Oil lamp discovered at Apulum.

Ivanyi 1935, pl. V, 10), Hercules sitting on a throne
with a club in the front, without any reference to
his labours. Representations of Hercules are also
not usually found in the former province of Dacia
Porolissensis,’ which gives the piece from Apulum
a special status.

Lamps decorated with scenes from the my-
thology of Hercules have been discovered in
several provinces of the Empire. Several of the
labours of Hercules have been found in Vindo-
nissa since the beginning of the last century. The

3 See: Roman 2006.

ninth labour, the battle with Hippolyte, queen of
the Amazons, to obtain her belt, is illustrated on
the disk of a Loeschcke IV-type lamp (Loeschcke
1919, 393, Abb. 29). The second labour, the kill-
ing of the Hydra of Lerna, is displayed on the disc
of another lamp (Léeschcke 1919, 394). The same
iconographic scene is found on a piece discovered
in Cyprus (Oziol 1977, cat. 455, pl. 24). The hero
fights Hydra dressed in a lion’s fur, hitting her with
the club he holds above his head in his right hand.
In his left hand he has two arrows, and next to him
is the bow with two additional arrows.
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The disc of a lamp discovered in Germannia
displays the sixth labour, the fight against the
Stymphalian bird.* Hercules shoots a bow using
arrows poisoned with Hydra’s blood.

Several Italic lamps with a disk decorated with
the image of Hercules are also present in the Brit-
ish Museum collection (Bailey 1980, 32-35). Of
these, four present iconographic compositions
representing the theft of apples from the garden of
the Hesperides and the fight with the Stymphalian
birds.

Another labour is presented in the collection
of pieces from Carthage, in the necropolis of Bor-
dj Djerdid, namely the struggle with the serpent
in the garden of the Hesperides (Fig. 2). The only
analogy with our artefact also comes from this
site. On a Loeschcke VIII-type lamp from this
site, with a border decorated with vegetal decor,
we find an identical scene. Hercules grabs the
deer by the horns with both arms, pulling its head
back, while with his left knee he presses the ani-
mal to the ground (Deneauve 1969, 197, cat. 939,
pl. LXXXV). Behind it, in the secondary plan, the
club is depicted. The animal is better defined than
on the Apulum artefact, having prominent horns
and a well-defined mane.

CONCLUSIONS

Even though clay lamps are a frequent category
in Roman-era finds, given the low purchase val-
ue they had and the large quantity in which they
were produced, and the fact that most of them
were locally manufactured. At Apulum there are
many imported pieces, mostly Pannonian copies,
which are distinguishable by the accuracy of the
details or by the different quality of the paste or
the applied slipware. They arrived as a result of
commerce and were obviously a step-up, primar-
ily in terms of quality, from the local production.
Decorated lamps from Apulum are not numerous
and mythological scenes are rare. The head of the
Gorgon Medusa appears on two discs from lamps,
one discovered in the area of the canabae (DAU
2008, 74) and the other east of the Municipium
Aurelium. A third lamp shows a scene common-

4 https://commons.wikimedia.org/wiki/File:-
Clay_oil_lamp_depicting_Hercules_defeating_the_
Stymphalian_Birds_(the_Sixth_Labour),_Staatliche_An-
tikensammlungen,_Munich_(8957464087).jpg
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ly found on these types of artefacts, that in which
Zeus, transformed into a swan, seduces Leda (Ota
2009, 462).

The lamp presented by us is included in this
set of decorated pieces that arrived in Apulum as
imports, supplementing the local production. Its
dating in an early context places it in the pre-mu-
nicipal period of Apulum, being probably a piece
brought directly by the population who settled
here. In conclusion, we can state that our piece is,
to date, the only lamp decorated with the works of
Hercules known from the former Roman province
of Dacia.

ACKNOWLEDGEMENTS

This work was supported by a grant from the
Ministry of Research, Innovation and Digitiza-
tion, CNCS - UEFISCD], project number PN-III-
P1-1.1-TE-2021-0165, within PNCDI IIL

BIBLIOGRAPHY

ALICU 1994

Opaitele romane Die Rémischen lampen. Ulpia
Traiana Sarmizegetusa, Muzeul National de Isto-
rie a Transilvaniei, Bibliotheca Musei Napocensis
VII, ed. Museion, Bucuresti.

Biluta, C. L. 1983
Lucernele romane din Dacia Intracarpatica (diss.
mss.)

Barbulescu, M. Nemes, E. 1975
Un relief cu muncile lui Hercules din Palatul Augus-
talilor, in Sargetia, XI-XII (1974-1975): 307-317.

Barbulescu, M. 1977
Cultul lui Hercules in Dacia romand (I), in Acta
Musei Napocensis XIV: 173-194.

Barbulescu M. 1978
Cultul lui Hercules in Dacia romand (II), in: Acta
Musei Napocensis, XV: 219 - 233.

Bounegru et alii 2011

Lux Util si Estetic la Apulum. Podoabe si acceso-
rii vestimentare, exhibition catalogue (Bounegru,
G., Ciobanu, r., Ora, R., Anghel D., authors), Alba
Tulia.



Bounegru - A unique presentation of Her... (23-28)

Archaeology and Science 18 (2022

Bailey, D. M. 1980
A catalogue of the Lamps in the British Museum, 2
Roman Lamps Made in Italy, London.

DAU 2008

Descoperd Arheologia Urband, Apulum 2007 exhi-
bition catalogue (V Moga coord.) Alba Iulia, ed.
Altip.

Deneauve, J. 1969

Lampes de Carthage, Centre de recherches sur
LAfrique Méditeranéenne, Série archéologie,
CNRS, Paris.

Ivanyi, D. 1935

Die  pannonischen lampen. Eine  Typolo-
gisch-chronologische tibersicht, in Diss. Pann., ser.
I1, nr. 2, Budapest.

Koradé, M. 2018

Oil- lamps from Viminacium (Moesia Superior),
Institute of Archaeology, Monographies 76, Bel-
grade, Vol 1-2.

Loeschcke, S. 1919
Lampen aus Vindonissa. Ein Beitrage zur Ges-
chichte von Vindonissa und des antiken Beleuch-
tungswesens, Zirich.

Ota, R. 2009

Mythological scenes from Dacia province: Perseus
killing Gorgon Medusa and Zeus seducing Leda, in
Pontica 42, 2009: 459-464.

Oziol, T. 1977
Salamine de Cypre VII, Les lampes du Musée de
Chypre, Paris.

Roman, C. A. 2006
Lamps from Dacia Porolissensis, Bibliotheca Musei
Porolissensis VII, Zalau.

REZIME
PREDSTAVA HERKULA 1Z APULUMA

KLJUCNE RECI: LAMPA, APULUM, HERKULOVI
ZADACI

Predstavljeni materijal jedinstven je medu nal-
azima iz rimske provincije Dakije otkrivenim do
sada. Tokom arheologkih istrazivanja, pokrenutih
zbog gradevinskog projekta, glinena lampa sa dis-
kom ukrasenim reljefom nadena je medu ostalim
arheoloskim materijalom. Dekoracija, fragmen-
tarno sacuvana, prikazuje scenu iz jednog od Her-
kulovih zadataka, konkretno, treceg - hvatanje
koSute boginje Artemide. Artefakt je izraden od
gline, sa Sarom u obliku 8koljke, i predstavlja uvoz
u Apulum. Pronaden je u ranom kontekstu, vero-
vatno su ga doneli kolonisti koji su se naselili ovde
nakon zasnivanje ove rimske provincije.

% % ot
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MONETARY CIRCULATION OF LATE ANTIQUE NAISSUS

ABSTRACT

The subject of the paper is the analysis of the monetary movements of late antique Naissus. The research
is limited to the period from the end of the 3rd to the middle of the 5th century. The numismatic material
comes from 13 locations, from the sites: Mediana, King Milan Square and Liberation Square, Nis fortress
and Gradsko Polje, Jagodin Mala necropolis, Goréa, Ambasador, Obrenoviceva Street, and Vuk Karadzié
elementary school. The mentioned localities are positioned both in the urban city centre and on its outskirts.
Also, the context of the found coinage is different and diverse, coming from the city necropolis, hoards, the
fortress, a residential villa, etc. Such a rich sample provides a detailed and comprehensive insight into the
monetary movements of late antique Naissus and a good sample for comparison with sites in neighbouring

provinces (Dacia Ripensis and Moesia Prima).

KEYWORDS: NUMISMATICS, NAISSUS, LATE ANTIQUITY, COINS, MONETARY CIRCULATION.

INTRODUCTION

Ancient Naissus was formed in the Ni$ava river
valley and is known as the birthplace of the Ro-
man emperor Constantine the Great. It represent-
ed an important crossroads of military and trade
routes that led throughout the Roman Empire
(Petrovi¢ 1979: 37; Vasi¢ 2008: 9). The city experi-
enced its economic and political prosperity at the
end of the 3™ and the beginning of the 4th centu-
ry. The most archaeologically researched parts of
Naissus belong to this period, located within the
city ramparts (the forum with the civil basilica, the
main city street, and parts of the impressive villa
with the octagon on Gradsko Polje). Extra mur-
os, the researched sites included a residential villa
on Mediana, public baths, smaller necropolises
on the left bank of Ni$ava, as well as the main city
necropolis on Jagodin Mala, which began to form
and expand in Late Antiquity (Jeremi¢ 2014: 8).
It is particularly significant to discover the mon-
etary flow in Naissus in the turbulent period of
Late Antiquity, when the city reached its heyday

during the reign of Constantine the Great and his
successors and collapsed as a result of the Hunnic
invasion.

In order to gain a complete picture of the
monetary flow of late antique Naissus, the re-
search included all processed coins from 13 loca-
tions, from the city centre and from the outskirts
of the city. The chronological range is limited to
the period from the end of the 3rd to the middle
of the 5" century, i.e., the moment when the city
was devastated by the Hun invasion. All coinage
is divided into two categories based on the con-
text in which it was found: group and individual
finds (Map 1).

Group finds of coins include units such as
hoards and safes in which coinage was successive-
ly collected. This type of find is significant because
it gives us a picture of the monetary circulation
over a certain period of time. The coins found on
Liberation Square and Obrenovic¢eva Street, on
Gradsko Polje, Vuk Karadzi¢ elementary school,
part of the “Macedonci” hoard, and the hoard
from Mediana fall under this category. (Table 1).
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Map 1 - Mapped sites from the territ,

Q

ory of Late antique Naissus (Tags: Marija Jovi¢ on @ GIS portal Gradske uprave

Nis, https://gis.ni.rs/smartPortal/gunisPublic)

The hoard from Liberation Square was found
during construction works in 1961, in the imme-
diate vicinity of the ancient wall. It contains 215
coins dated from 317 to 334/5 (Jankovi¢ Mihaldzi¢
2000: 37). The find from Obrenoviéeva Street was
discovered in 1936 and includes 181 folles from a
short and homogeneous period from 294 to 311
AD (Jankovi¢ Mihaldzi¢ 1986: 25). The coins from
Gradsko Polje were gifted to the National Muse-
um in Ni$ in 1962, when 30 bronze coins, which
are assumed to be from the city’s necropolis, were
handed over to the museum. Although there are
few coins, the material composition is homoge-
neous and belongs to the short time span of 312/3
until 328/9 (Jankovi¢ Mihaldzi¢ 2002: 15, 17). At
the end of 1959, during the foundation digging for
the construction of the Vuk Karadzi¢ elementa-
ry school in Nis, 67 pieces of Roman coins were
found. Nominals can be classified chronological-
ly from the sixth decade of the 3rd century to the
seventh decade of the 4th century. Most of the
specimens are bronze coins from the Tetrarchy
period and one silver coin belonging to the Gal-
lienus mint (257-259) (Jankovi¢ Mihaldzi¢ 2003:
23). The hoard from Mecéedonac was discovered in
1944, at the “Strana” site. The hoard contains 3,971
well-preserved Roman bronze coins dating from
Constantine I to Gratian (Jankovi¢ Mihaldzié
2005: 54). This work covers the processed part
of the hoard, which contains 728 coins'. During
the archaeological research in Mediana, in 1961,
a group find of coins was discovered in the hor-
reum. It contained 227 specimens, of which 179

1 On this occasion, I would like to thank Vesna
Crnoglavac, the current director and advisor of the Na-
tional Museum in Ni$, for the provided data.
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pieces were chronologically determined. The time
distribution of minting spans the years 330/5 to
421/50 (Jankovi¢ Mihaldzi¢ 2008: 77; Jaukosuh
Muxanpuh 2005: 54) (Table 1).

The category of individual finds includes coin-
age that was discovered during archaeological
research, mostly stratified, as well as specimens
that became part of museum collections through
purchase. The analysis of individual finds of coins
provides data on the volume of circulation over a
long period of time. This category includes coins
found during archaeological research in Mediana,
King Milan Square, Jagodin Mala, in the premis-
es of the “Ambasador” hotel, the “Gor¢&a” business
centre, and coinage from the numismatic collec-
tion of the National Museum in Ni$ (Table 2).

During previous archaeological research in
Mediana from 1961 to 2011, 1,653 examples of
Roman coins were discovered, of which 1,347
were precisely chronologically determined and
date from 76 to 450 AD (Vasi¢ 2021: 77; Jankovié
Mihaldzi¢ 2008: 34). The coins from the core of
the late antique city of Naissus are also included,
found during the research of the baths in the Ni§
fortress, comprising 399 specimens, dated to the
period from 310 to 491 AD.? Part of the material
consists of coins from the suburbs of late antique
Naissus, obtained from the research of King Milan
Square (19 pieces), carried out in 1990-1991 (Jovi¢
2021: 104). Also, four coins discovered next to a
brick built grave in the basement of the “Ambasa-
dor” hotel and two specimens found during the

2 I owe a great deal of gratitude to Dr Miloje Vasi¢
for providing the data on the numismatic material from
the thermal baths in the Ni§ fortress and for his selfless
help in the preparation of this paper.



snssteN anbryue 23e7 jo 41031119} 93 W0y s3UTpuy [eNpIAIpUI Jo uonisodwo)) - ¢ 9[qe],

9 ‘|leso) 4 ‘lexo]
1 1Al T | ‘ovv-0ev T | Sizolt
T BIPaWOdIN T | 'sLe-29¢ 'sod WA | sod pouad LYET HEET
T wnue|oIpa T | 'GS€-0S€ | 66€ :leso] Jlopesequy v é
T | slodounueisuo) 1 RZ43 [4 é 6 WnReUIWIA | ‘osy-szy
"s9d JUIAL | 'sod pouad ¢ | c1evoLy | ¢ :lesol 9 IEVEI 1| 9ov-vor
SIN JO WN3asn|\ jeuonieN T | ssv-stv T | T19g-sS€ 8 wnupll | z€ | 'S6E-8LE
v | "szv-80v 1 edjuolessay L T | €oe-zos | vee edluojessayl | /8T | 'GLE-TOE
1% ‘|leo) 9T | ‘sov-Se€ | 'sad WIN | sod pousd | 6TT epsis | 68€ | ‘T9E-Tve
T | '965-G6S S | 'S6E-€6E ©2109 ¥ wniwJis T | '99g-1S€
1| ‘¥85-€85 | eeceze [N BapJas | G | 'T9E-SEE
T | ‘TL5-0L8 L | -ese-8Le | 6T ‘lexol | TC ewoy | 9£z | ‘TvE-0€€
T | 'Les-tes €V | 'GLE-€9€ v é 1 enso | 0S| ‘0ge-vee
"I8YT
T | 'sov-v6e L€ | "T9E-SSE 1 il 81 BIPSWODIN €8 | "¥TE-LTIE
s | 'see-€8¢ ST | "vSE-TvE 1 "8/5-59S 1 eadIN 9z | L1e-€T€
T | "€8€-8L€ 43 edgjuo|essay | | Tpe-Leg T 'G95-£TS [4 wnue|oIpa O | "€TE-SOE
v | '8/£-L9€ [ e|sIs 9 | ‘Les-vee 1 "SLE-VIE 4 wniuipuo’ 0z | "€0g-6€¢
€ | '19g-v9¢ € wniwlIs €| ‘vre-ote [4 "T9€-GGE 1€ | stjodounueisuod 1| czec9L
TT | ‘T9€-TSE [ ewoy T efuezin | 1 wnReulWwIA | "OE-9€€ 6€ snaizA) T PRI
1 wnupIL T | ove-TrE € EIPaWOodIN v PAS | ¢ ealuojessayl | ¢ "€TE-TTE 1 oseyned €| YArsy
6 eoluo|essay | €| 'Tpe-L€€ | OT | sijodounueisuod | T Ay | T ewoy | T ‘66C-S6C | 8¢ ed|oeIdH | SET FEIR
4 e|dsIS EEE 4 sna1zAy S6 Py | T BIPSWOIIN | T ‘TYT-0ve € BEENY 9 RIS
G | sllodoupueisuo) € | ‘oge-Tee T ogeyne) € JoA'E | T sijodounueisuo) | 1 "8ET-VET 1T elyoonuy T| donee
4 sndizA T | '8TE-LIE € esjoeJaH 1 a1 smo1zAY | T pELN 14 elipuexaly T Pl
4 eld|inby T | "€1€-60€ L ela|Inby 1 AT | T auupl | T oA T S els|inby 4 oA T
*Sod JUIIAI *Sod poliad ‘Sod JUIIAI *S0d poliad ‘Sod JUIIAI *Sod poliad ‘Sod QUIIAI ‘Sod poliad
ejleiN c__uOMm_. BABPIA]L Uejiin .q_m‘_v_ w._m-._cm euelpsN

32



Jovi¢ -

Monetary Circulation of late antuque Naisus (29-44)

Archaeology and Science 18 (2022)

construction of the “Gorc¢a” business centre be-
long to 34 and 4" century coins and material from
the suburbs of Naissus (Ajdi¢ 1975: 38; JoBanosuh
1976: 76). The nominals found within the burial
units originate from the late antique Jagodin Mala
necropolis. Investigations of the necropolis began
in 1932 and are still ongoing. The paper includes
material up to that found during research on the
premises of the “Benneton” factory, conducted in
2012 (Jeremi¢ 2014: 15) (Table 2).

ANALYSIS OF MONETARY MOVEMENTS
OF INDIVIDUAL AND GROUP FINDS
OF LATE ANTIQUE NAISSUS FROM THE
END OF THE 3RD TO THE MIDDLE OF
THE 5™ CENTURY

An insight into the monetary flow of late an-
tique Naissus will be made by analysing the annual
percentages® of individual and group findings. The
number of coins in circulation will be observed for
shorter chronological sequences within the peri-
od from the end of the 3rd to the middle of the 5th
century. Looking at each category of finds separately
will give a more detailed insight into the difference in
monetary flows of individual and group finds.

In the group finds category, 1,390 precisely dated
specimens were subjected to analysis. Less than 1%
of the samples were observed within the following
chronological sequences: 292-294, 337-341, 341-346,
346-350, 350-355, 361-364, 378-383, 395-408, 408-
425 and 425-455. The number of specimens of these
sequences ranges from 0% to 6%. There is a slightly
larger number of coins in the periods that belong to
the ranges 294-330, 355-361, and 383-395, where
percentages do not exceed 10%. The sequences 330-
337 and 364-378 make up the highest percentage
share (10.79% and 51.37%, respectively.) (Table 3).

If we take a look at the annual percentages of
the group finds, a slight increase in coins in cir-
culation between the sequences 292-294 and 307-
313 is noticeable, when the first peak is observed.
The circulation decreases from 313 to 324, only to
peak again between 324 and 330 in the sequence

3 To obtain the annual percentages, it is necessary
to first calculate the annual coefficients. The value of the
annual coeflicients represents the quotient of the number
of samples within one period and the number of years that
period includes: a=b/c. Adding all the annual coefficients (a,
al, a2, ....) gives the value (e). The value of annual percentag-
es is obtained by the formula d=a x 100 / e (Vasi¢ 2021: 95).

330-337. In the period from 337 to 364, the value
of annual percentages is relatively low and uniform
(0.37% - 1.41%) with a slight growth of 6.71% in
the period 355-361. The highest number of coins
in circulation can be observed from 364 to 378
(36.71%). Between 378 and 455, the circulation is
very low (from 0% to 0.94%), with the exception
of the period 383-395, when it is 6.14% (Graph 1).

Annual pereentsges of group lndings

Graph 1 - Presentation of coin flows of group finds from
the territory of Late Antique Naissus

The number of precisely dated individual finds
of coins is 1,387, where it can be seen that both
categories of finds are almost equally represented
in percentages (50.05% and 49.95%). The small-
est percentage share of coins, in individual finds,
which does not exceed 1%, is observed in the
sequences: 292-294, 294-307, 350-355, 361-364,
378-383, and 408-425. The range from 1.08% to
6.63% of the coin prominence is in the periods
from 307 to 330, 337-346, 395-408, and 425-455.
A high percentage of coins is noted in the sequenc-
es 330-337 (11.39%), 383-395 (11.46%), 364-378
(16.37%) and in the period 355-361 (20.69%),
when it is the highest (Table 4).

The analysis of annual percentages shows
growth from 294 to 330-337, when the curve
reaches its first peak. Between the years of 337
and 341, the number of coins is almost uniform
from 10.24% to 11%. In the period from 341 to
361, sudden peaks and declines in the monetary
flow are periodically observed. From 341-346, the
annual percentage value is 2.6%, and in the next
sequence (346-350) amounts to 15.03%, while
an almost complete drop of 1.02% can already be
seen in the next period 350-355. The maximum
number of coins in circulation was recorded from
355 to 361 (22.83%). The value of the annual per-
centages between the years 361 and 455 almost
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Period Annual Period Annual
percentages percentages
292-294 0.51 292-294 0.37
294-307 5.09 294-307 0.36
307-313 10.41 307-313 3.74
313-317 7.06 313-317 3.01
317-324 3.26 317-324 5.22
324-330 6.90 324-330 5.65
330-337 14.38 330-337 11.00
337-341 0.61 337-341 10.24
341-346 141 341-346 2.60
346-350 0.31 346-350 15.03
350-355 0.77 350-355 1.02
355-361 5.15 355-361 22.83
361-364 0.38 361-364 1.67
364-378 36.51 364-378 843
378-383 0.38 378-383 0.93
383-395 6.14 383-395 6.81
395-408 0.71 395-408 0.72
408-425 0.00 408-425 0.12
425-455 0.02 425-455 0.27

Table 3 - Annual percentages of group finds from the
territory of Late Antique Naissus

never exceeds 2%, with the exception of sequences
364-378 (8.43%) and 383-395 (6.81%), when an
increase is observed (Graph 2).

Annual percentapes of individaal findings

Graph 2 - Presentation of coin flows of individual finds
from the territory of late antique Naissus
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Table no. 4 - Annual percentages of individual finds from

the territory of late antique Naissus
MONETARY CIRCULATION OF LATE
ANTIQUE NAISSUS FROM THE END OF
THE 3®° TO THE MIDDLE OF THE 5™
CENTURY

By comparing the monetary flows of the group
and individual finds, a more complete picture of
the coin circulation of late antique Naissus can be
obtained. Also, by comparing monetary move-
ments with the site of Horreum Margi in Moesia
Prima and Timacum Minus in Dacia Ripensis, we
will get an insight into the monetary circulation of
the diocese of Dacia (Map 2).

In the period from 292-294, the number of coins
in circulation is relatively low in both categories of
finds. In the next sequence, 294-307, in the case of
individual finds, the situation remains unchanged,
but in the case of the group finds, the circulation is
increasing. It was recorded that the emperor Diocle-
tian stayed in Illyricum during this period. During
the year 293, Diocletian focused on the fortification
of the Danube Limes, as well as visiting larger cities
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Map 2 - The positions of the sites of Naissus, Timacum Minus and Horreum Margi in the diocese of Dacia, (Tags:
Marija Jovi¢ on © Cplakidas / Wikimedia Commons / CC BY-SA 3.0, https://upload.wikimedia.org/wikipedia/
commons/0/0e/Balkans_6"_century.svg)
and mines. During the year 294, the emperor stayed ~ probably also passed through Ni$ (Vasi¢ 2008: 12).
in Sirmium, Singidunum, Viminacium, and Cuppae  The results of the mints percentage representation
(Vasi¢ 2008: 58). The increase in coin flow for group  in the 307-313 sequence show a dominant share of
finds is possibly due to Diocletian’s stay in this area. ~ Balkan and eastern mints (83%). Also, Thessalonica
The supply of coins mainly originated from eastern  is by far the most represented with 43%, which can
mints (53%), but western (16%) and central mints be explained by the closing of the Serdica mint in
(31%) are also present (Graph 3 and 4). In the 308 and Thessalonica taking over (Bozkova 1977: 7;
307-313 sequence, there is a noticeable increase in  Bozkova 1994: 134) (Graph 3 and 4). The increase in
coin flows, even in the category of the group finds, circulation and the majority share of the Thessalon-
where it reaches the first peak. Historically, thisisa ica mint can be explained by the desire of the rulers
complicated period full of disagreements between to expand their influence, as well as by the fact that
pretenders to the throne. The Balkan provincesand  Thessalonica became Galerius’ main mint in 308,
Asia Minor were under the administration of Gale- and at the same time the closest mint to the city of
rius until his death in 311, when Licinius took over  Naissus. From 313 to 330, a uniform and slightly in-
the administration of the territory of the Balkans creased circulation rate can be noticed. This period
and established his residence in Sirmium (Vasi¢ was marked by the diarchy of two rulers, Constan-
2008: 63; Vasi¢ 2008: 12) (Graph 3). The period tine I and Licinius, but also by frequent conflicts
from 308 to 310 was marked by Galerius’ frequent between the rivals. The first battle between the two
trips, departing from Serdica or Thessalonica,andhe  rulers took place in 316 at Cibalae, after which Con-
stantine spent most of his time in the Balkans and
assumed power over this territory (Mirkovi¢ 2012:
9). Constantine’s final victory over Licinius in 324
enabled him to take over the entire Roman Empire
(Lenski 2007: 78). During all the years of conflict
between the two rulers, Constantine’s frequent vis-
its to the Balkans were recorded. His confirmed
stays in Naissus took place during the years 319
and 321 and in the period from 316 to 324 he often
passed through the city (Vasi¢ 2008: 12). Although
it would be expected that the increased deployment
of military forces and the permanent stays of em-
perors in the Balkans would lead to a significant

Graph 3 - Parallel display of coin flow of group and
individual findings
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Graph 4 - Percentage representation of mints in the
sequence 294-307.

Graph 5 - Percentage representation of mints in the
sequence 307-313.

Graph 6 - Percentage representation of mints in the
sequence 330-337.
increase in the number of coins in circulation,
the results indicate uniform and only slightly in-
creased monetary movements. Also, a greater
presence of western mints was noticed during this
period, especially the Roma mints during the se-
quence 313-317, although the dominant share
was still held by the Thessalonica and Siscia mints
(Graph 3). The influence of the western mints,
which were under Constantine’s administration
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Graph 7 - Percentage representation of mints in the
sequence 355-361.
at the time, can be explained by the pretensions
of the ruler to expand his influence and take over
the territory of the Balkans. In the next sequence,
330-337, a significant increase in coins in circu-
lation was observed in both categories of finds.
Until the middle of 334, Constantine led battles
against the Goths, Visigoths, and Sarmatian Arga-
ragantes on the Limes, after which a long period
of peace ensued in the Balkans. In the same year,
Constantine passed through and stayed in Naissus
(Vasic 2008: 14; Vasic¢ 2008: 73). It is possible that
the increased circulation was a consequence of the
mentioned events. The almost exclusive presence
of coins from eastern and central mints can be no-
ticed, with the largest share of Thessaloniki at 42%
(Graph 3 and 6). After the death of Constantine
in 337, and until 341, the situation of individual
finds remains unchanged in relation to the pre-
vious chronological sequence. Group finds show
completely contradictory results, the number of
coins in circulation drops drastically from 14.38%
to 0.61%. Taking both categories of finds into ac-
count, during this period, there was still a signifi-
cant number of coins in circulation. The territory
of Illyricum was in the hands of Constans, who
came to power at the age of 14 and was under the
tutelage of his older brother Constantine II. His
stay in Naissus between January 19 and February
2, 340 was recorded. Until the year 355, in group
finds, the circulation is extremely low and does
not exceed 1.5%. Individual finds present a slight-
ly different picture, especially in the sequence 346-
350, when the coin supply reached a new peak. In
this sequence, significant reforms of Constans and
Constantius II (348-354.) took place, but also the
death of Constans in 350. (Vasi¢ 1990: 25; Vasié¢
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Period 330-337.

Mints Naissus Horreum Margi | Timacum Minus
Alexandria / / 1.2%
Antiochia 3.28% 18.18% 1.2%
Arelate 6.56% 9.09% /
Heraclea 14.75% / 2.4%
Cyzicus 21.31% 9.09% 12.24%
Constantinopolis 2.46% 36.36% 14.29%
Nicomedia 8.20% 9.09% 5.10%
Roma 0.82% 9.09% /
Siscia 9.84% / 14.29%
Thessalonica 32.79% 9.09% 50%

Table 5 - Percentage representation of mints at the sites: Naissus, Timacum Minus and Horreum Margi, period 330-337.

Period 346-350.
Mints Naissus Horreum Margi | Timacum Minus
Aquileia 3.70% 4.55% /
Alexandria 1.85% 4.55% /
Antiochia 1.85% 9.09% /
Heraclea 5.56% 9.09% /
Cyzicus 1.85% / 4.17%
Constantinopolis 5.56% 4.55% 4.17%
Nicomedia 3.70% 13.64% /
Roma 5.56% 18.18% 4.17%
Siscia 31.48% / 33.33%
Thessalonica 38.89% 27.27% 54.17%
Treveri / 9.09% /

Table 6 - Percentage representation of mints at the sites: Naissus, Timacum Minus and Horreum Margi, period 346-350.

Period 350-355.
Mints Naissus Horreum Margi | Timacum Minus
Aquileia 2.70% 20% /
Alexandria / / 4.76%
Arelate / 20% /
Heraclea 10.18% / 9.52%
Cyzicus 5.41% / /
Constantinopolis 13.51% / 4.76%
Nicomedia / 20% 4.76%
Roma 2.70% 40% /
Sirmium 5.41% / 33.33%
Siscia 13.51% / 28.57%
Thessalonica 45.95% / 14.29%

Table no. 7 - Percentage representation of mints at the sites of Naissus, Timacum Minus and Horreum Margi, period

350-355.
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Period 355-361.
Mints Naissus Horreum Margi Timacum Minus
Aquileia / 3.33% 3.57%
Alexandria 2.30% / /
Arelate 1.15% / /
Heraclea 2.30% / /
Cyzicus 9.20% 10% 7.14%
Constantinopolis 2.30% 20% 14.29%
Nicomedia 1.15% / 7.14%
Sirmium 4.60% 13.33% 7.14%
Siscia 28.74% 6.67% 14.29%
Thessalonica 48.28% 46.67% 46.43%

Table no. 8 - Percentage representation of mints at the sites of Naissus, Timacum Minus and Horreum Margi, period

355-361.

Period 364-378.
Mints Naissus Horreum Margi Timacum Minus
Aquileia 0.26% 4.26% 2.74%
Alexandria 1.15% 25.53% 1.37%
Antiochia 0.26% 12.77% /
Arelate 0.13% / /
Heraclea 0.26% / /
Cyzicus 0.26% / 2.74%
Constantinopolis 1.28% 8.51% 2.74%
Nicomedia 0.26% 4.26% 4.11%
Roma 2.56% 14.89% /
Sirmium / / 1.37%
Siscia 48.46% 23.40% 45.21%
Thessalonica 45% 6.38% 38.36%
Treveri 0.13% / 1.37%

Table no. 9 - Percentage representation of mints at the sites of Naissus, Timacum Minus and Horreum Margi, period
364-378.

2021: 144). In addition to the mentioned historical
events, which by their nature could not have had
much influence on the increased coin flow in late
antique Naissus, perhaps the cause can be sought
elsewhere. Given that a significant part of the sam-
ple of individual finds is occupied by specimens
found in Mediana, a site with increased construc-
tion activity in this period, which required a great-
er inflow of funds (Vasi¢ 2021: 144), it is possible
that all of the above affected the increased circula-
tion. The distribution of coins was mainly carried
out from central and eastern mints, among which
Thessaloniki (43%) and Siscia (31%) dominate
(Graph 3). Observing the monetary flow in the
following chronological sequences, in both cate-
gories of finds, there are completely parallel, alter-

nating rises and falls in circulation. Between 350
and 355, coin flows were almost at a minimum,
only for the curve to reach a new peak in 355-
361. The increased circulation was probably the
result of Julians stay in Naissus and Mediana for
several months during the year 361 (Vasi¢ 2008:
15). The supply of coinage remained unchanged,
percentage-wise, Thessalonica and Siscia being
more prominent (Graph 3 and 7). The next rise in
circulation can be noted during the sequence 364-
378, which may be related to the stay of Valentin-
ian I and Valens in Naissus and Mediana in June
364 (Vasi¢ 2008: 19). During the period from 378
to 383, coin circulation was extremely low, which
was a logical consequence of the Battle of Hadri-
anopolis. The last increase in monetary move-
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Mints Naissus Horreum Margi Timacum Minus
Aquileia 8.16% 5.07% /
Alexandria / 8.70% /
Antiochia 1.02% 7.73% /
Arelate 2.04% 0.97% /
Heraclea 6.12% 4.36% /
Cyzicus 19.39% 22.95% 20%
Constantinopolis 12.24% 19.81% 30%
Mediolanum 1.02% / /
Nicomedia 11.22% 8.94% 20%
Roma 1.02% 10.87% /
Siscia 5.10% 1.21% 30%
Thessalonica 31.63% 8.94% /
Treveri 1.02% / /
Lugdunum / 0.48% /

Table no. 10 - Percentage representation of mints at the sites of Naissus, Timacum Minus and Horreum Margi, period
383-395.

ments, within the studied chronology, was re-
corded in the sequence 383-395. In this sequence,
a period of stability prevailed on the territory of
Illyricum, the distribution of coins was carried out
predominantly from the eastern regions, but the
presence of western regions is higher in percent-
age compared to previous periods.

Through a comparison of monetary movements
from the sites of Naissus in Dacia Mediterranea,
Horreum Margi 4 in Moesia Prima, and Timacum
Minus 5 in Dacia Ripensis, we have tried to get a
broader picture of coin flows of the prefecture of Da-
cia (Graph 8). The time span from 292 to 330 gives
very similar results for all three sites. Throughout
this period, the circulation was relatively uniform
and low. Naissus and Timacum Minus have a closer
annual percentage that does not exceed the value of
6.54%, while the values at the Horreum Margi site
are somewhat lower, up to a maximum of 4%. A
slight deviation is noticeable in the sequence 307-
313 in the form of a slight rise (6.54%), in Naissus,
while the values in the other two sites do not ex-
ceed 1%. Timacum Minus had significantly higher
monetary circulation in the period of 337-346, and,
although the annual percentages at Horreum Mar-
gi and Timacum Minus are lower, the growth and
decline of circulation is almost parallel in all three
sites. Almost identical coin flows can be observed
in the chronological range from 346 to 455. At the

4 Numismatic data taken from - Vasi¢ 1990: 101-121

5 Numismatic data as a result of the analysis pre-
sented at the INC 2022 - Warsaw - Jovi¢ 2022

site of Horreum Margi, from 395 to 455, the annual
percentage values are higher compared to the other
two sites, but the curve changes are identical.

The commentary on the analysis of the coin
distribution is focused only on chronological
sequences where material from all three sites is
prominent. In the period from 330 to 337, Thes-
salonica is the most used mint by percentage,
while Constantinopolis is the most prominent in
the case of the Horreum Margi site. In Naissus and
Horreum Margi, there is a minor influx of west-
ern mints (Roma and Arelate), however, the cen-
tral and eastern mints dominate the supply (Table
5). The next section, 346-350, shows that in per-
centage terms the most prominent mint among
all sites is Thessalonica. The distribution of coins
in Naissus and Timacum Minus is mostly carried
out from central mints, with only a small per-

Graph 8 - Parallel display of coin flow in the sites: Naissus,
Timacum Minus and Horreum Margi
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centage of eastern mints. The percentage at Hor-
reum Margi is a little different, because the share
of the Roma mint is noticeable at 18.18%, which
is negligible at the other two sites (Table 6). The
next sequence, 350-355, provides completely dif-
ferent results in all three sites (Table 7). In Naissus,
the supply was made primarily from the central
and eastern mints. Timacum Minus shows similar
results, although the Sirmium mint dominates,
while the western mints are most represented at
Horreum Margi. During the sequence 355-361,
in all three cases, almost half of the coinage came
from the Thessalonica mint (Table 8). Sequence
364-378 showed the same inflow of coins at Nais-
sus and Timacum Minus, with the central mints of
Thessalonica and Siscia being the most prominent.
Horreum Margi had a slightly higher percentage
share of eastern mints (Alexandria) compared to
central ones (Table 9). The last observed period is
383-395. Here, the dominant distribution of coins
was made from the eastern mints at all three sites,
with a significant share of the Roma mint at Hor-
reum Margi and the Siscia mint at Timacum Minus
(Table 10).

CONCLUSIONS

The analysis of monetary circulation was per-
formed on a sample of 2,777 precisely dated coins,
which make up 86.35% of the total processed nu-
mismatic material from the area of late antique
Naissus. Only one silver specimen was recorded,
all other coins are bronze. Gold coins were not in-
cluded in the analysis and only two examples are
known that correspond chronologically to this re-
search. Although Constantine the Great made the
solidus the main unit of the monetary system, the
circulation of the gold coin was limited. Solidi were
used in the salaries of the army and administration,
but were returned to the state coffers through tax
collection (Depeyrot 2007: 238). A realistic picture
of coin movements is obtained by analysing the
bronze coins that the population used in everyday
transactions. Bronze coinage entered circulation
primarily through the army, and secondarily made
its way to regular coin flows through trade transac-
tions. By looking at the annual percentages, it can
be concluded that at the very end of the 3rd centu-
ry, the monetary circulation of late antique Naissus
was very low. However, at the beginning of the 4th

40

century and during the reign of Constantine the
Great, it slowly grew and the circulation was almost
uniform, until his death in 337. The following peri-
od, from 337 to 408, is characterised by alternating
sudden rises and falls in circulation. The very end
of the chronological sequence that is observed, 408-
455, features minimal coin flow. Any significant in-
crease in annual percentages can be mostly associ-
ated with the stays of emperors in the late antique
Naissus area. Also, intensive construction activities,
which required large amounts of coins, influenced
the growth of monetary circulation. Since a signifi-
cant part of the sample consists of coins from Medi-
ana, the site that underwent extensive construction
work, this probably contributed to the increased
circulation. The inflow of coins was mainly from
the central and eastern mints, among which Thes-
salonica and Siscia had a dominant share. In the
period from 307-313, the presence of Roma mints
increased noticeably, which is probably a conse-
quence of Constantine’s pretensions to expand his
influence in the Balkans.

A vparallel analysis of the monetary flow
of the sites of Naissus, Horreum Margi, and Ti-
macum Minus, which are almost identical, leads to
the conclusion that the coin flow and further cir-
culation were uniform in all the provinces of the
diocese of Dacia and that the same laws, whether
of a historical or economic nature, ruled these ar-
eas.’®
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REZIME

MONETARNA CIRKULACIJA U
KASNOANTICKOM NAISSUS-U

KLJUCNE RECI: NUMIZMATIKA, NAISSUS, KASNA
ANTIKA, NOVAC, MONETARNA CIRKULACIJA.

Predmet rada predstavlja analiza novcanih
kretanja kasnoanti¢kog Naisusa. IstraZivanje je
ograniceno na period od kraja 3. do sredine 5.
veka. Numizmatic¢ki materijal je sa 13 lokaci-
ja, sa lokaliteta: Medijana, Trg Kralja Milana i
Trg Oslobodenja, Niska tvrdava i Gradsko polje,
nekropola Jagodin Mala, Goréa, Ambasador, uli-
ca Obrenovi¢eva i OS Vuk Karadzi¢. Pomenuti
lokaliteti pozicionirani su kako u urbanom jez-
gru grada tako i na njegovoj periferiji. Na osnovu
konteksta u kome je pronaden novac je podeljen
u dve kategorije: na grupne i pojedina¢ne nalaze.
Grupni nalazi novca podrazumevaju celine poput
ostava i kasa u okviru kojih je novac sukcesivno
prikupljan, dok pojedinacni nalazi podrazumev-
ju novac koji je otkriven tokom arheologkih is-
trazivanja, uglavnom stratificiran, kao i primerke
koji su otkupom postali deo muzejskih zbirki. Broj
hronoloski precizno odredenih primeraka je kod
obe kategorije gotovo jednak (grupni nalazi-1390;
pojedinacni nalazi- 1387 primeraka). Komparaci-
jom nov¢anih tokova grupnih i pojedinac¢nih nala-
za dobija se kompletnija slika monetarne cirku-
lacije kasnoanti¢kog Naisusa. Takode, poredenjem
novéanih kretanja sa lokalitetom Horeum Margi
(Horreum Margi) u Prvoj Meziji (Moesia Prima)
i Timakum Minus (Timacum Minus) u Priobal-
noj Dakiji (Dacia Ripensis) dobi¢emo u monetar-
nu cirkulaciju prefekture Dakije. Sagledavanjem
godi$njih procenata moze se zakljuciti da je na
samom kraju 3. veka opticaj novca kasnoantickog
Naisusa bio jako nizak. Ipak pocetkom 4. veka i za
vreme vlade Konstantina Velikog opticaj polako
raste i cirkulacija je gotovo ujednacena. Naredni
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period od 337. do 408. odlikuju naizmeni¢ni nagli
skokovi i padovi u opticaju. Sam kraj hronolosgke
sekvence koja se posmatra 408-455. odlikuje min-
imalan novcani tok. Svaki znacajan rast godisnjih
procenata uglavnom se moze povezati sa boravci-
ma imperatora na prostoru kasnoantickog Nais-
usa ili posledicom intenzivne graditeljske aktiv-
nosti. Dotok novca uglavnom je bio iz centralnih
i isto¢nih kovnica, medu kojima su dominantan
udeo imale Tesalonika i Siscija. Paralelnim sagle-
davanjem novc¢anih tokova lokaliteta su Naisus,
Horeum Margi i Timakum Minus, koja su gotovo
podudarna, namece se zaklju¢ak da su dotok nov-
cainjegova dalja cirkulacija bili ujednaceni u svim
provincijama dijeceze Dakije i da su iste, zakoni-
tosti, bilo istorijske ili ekonomske prirode vladale
ovim prostorima.

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u casopisu mogu se besplatno preuzeti sa sajta
ikoristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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USE OF BUILDING MATERIALS DURING THE CONSTRUCTION OF
TRAJAN’S BRIDGE ON THE DANUBE

ABSTRACT

Combining different building materials was not uncommon in Roman architecture. The use of various
materials for the creation of the Trajan’s Bridge on the former Danube Limes, that is wood, stone, brick and
mortar, according to their characteristics, role in the construction, chosen construction methods, and pre-
known behaviour of these materials over time, is one of the important features of the design of this building.
The reasons for a deeper analysis of architect Apollodorus’ solutions for the bridge regarding the achieved
combinations of materials are the importance of the structure, the monumentality of its architecture, as well
as the characteristics of the place where the bridge was built. The focus of this study will be on analyses of
the bridge’s masonry structures and, more precisely, the relationships between the building materials used
for their construction. When studying the use of building materials, ancient writings were used, as well as
analyses of the remains of the bridge in situ on the Danube banks of today’s Serbia and Romania. The real-
ised analyses point to new interpretations regarding the possible ways to span the spaces between the pillars
on the riverbanks, and their connection to the choice of building materials.

KEYWORDS: BUILDING MATERIALS, CONSTRUCTION METHODS, MASONRY STRUCTURES, TRAJAN‘S
BRIDGE, ROMAN ARCHITECTURE, DANUBE LIMES.

INTRODUCTION knowledge about the remains on the Romanian
side (starting with the 1858 research conducted by
The remains of Trajan’s Bridge are located in  Deystler, Imbrisevi¢ and Popovici and the 1907 re-
the riverbed and on the banks of the Danube river,  gearch conducted by Duppereux)(Tudor 1974: 47).
where, on the left side of the river they are in the At the same time, he presented his analysis and new
territory of today’s Romania, and on the right side  yiews on the architecture of the bridge. The remains
in the territory of the Republic of Serbia (Fig. 1).  of the bridge were investigated on the Serbian side
In Romania, they are today part of the urban fab- i 1979 and soon after they were published by its
ric of the city of Drobeta — Turnu Severin, while  researchers Milutin Garaganin and Miloje Vasi¢ on
on the Serbian side they are located 5 km from the  pehalf of the Institute of Archaeology in Belgrade
small town of Kladovo, that is, 1.3 km east of the (Fig. 1) (Tapamasus u Bacuh 1980). More recently,
nearest settlement, Kostol. C. Créciun and A. Sion, and 1. Bjeli¢ have carried
On the initiative of Emperor Trajan, the bridge  out further analyses based on all previous research
was designed by the architect Apollodorus, be-  (Craciun and Sion 2006; Bjeli¢ 2020).
tween 103 and 105, that is, between two Roman Regarding the construction of the bridge, we
conquest campaigns in Dacia. On two occasions can differentiate two parts: One part was on the
- in 1931 and in 1968, D. Tudor synthesised early  shore and, according to the relief on Trajan’s Col-
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Fig. 1. The archaeological site of Pontes with the remnants of Trajan’s Bridge (photo-documentation of the Institute of
Archaeology, Belgrade)

umn in Rome, it was completely built as a mason-
ry construction. The other part was settled in the
river bed as a masonry construction, while above
it was the wooden supporting structure of the
road of the bridge.

One of the major characteristics of Trajan’s
Bridge is the combination of several types of
wooden and masonry constructions in different
parts of the bridge. Wood had specific functions
when combined with masonry constructions
on this structure. It served as formwork for the
foundations of the bridge pillars on the shore, as
an integral part of the caissons for building the
foundations of the pillars in the riverbed, and as
a wooden “reinforcement” in the form of horizon-
tal beams and driven piles. The main function of
the interior of the bridge pillars was to ensure the
equal settlement of mortar and aggregate masses
within the supports and to enable the stable sup-
port of the masonry pillars on the riverbed. The
wood also served as the supporting structure of
the wooden platform i.e., the road of the bridge
that spanned between the individual pillars.

Ancient writings, visual representations, as
well as analyses of the bridge’s investigated parts
by previous Romanian and Serbian researchers
represent the basis for this research, aimed at an-
alysing the combination of wooden and mason-
ry constructions (for older historical sources see:
Tapamanns u Bacuh 1980: 9). One of the most
important writings about the construction of the
bridge itself, that of Apollodorus himself, has not
been preserved. Instead, its construction is wit-

nessed by the texts of Dio Cassius, Procopius, and
the poet Tsetses, some of which refer to the text of
Apollodorus (On earlier literature and historical
sources see: [apanranus u Bacih 1980: 8). In addi-
tion to written sources, there are also two import-
ant artistic sources: coins minted by the Roman
Senate in 105 in honour of the construction of
Trajan’s Bridge and scenes on the metopes of Tra-
jan's Column (scene XCVIII - XCIX and scene C -
CI) (Vulpe 2002: 178 - 179). Previous researchers
such as H. Dacoviciu, M. Gara$anin and M. Vasi¢
already indicated the justification of the reliabil-
ity of the pictorial sources on Trajan’s Column
(Tapamanus u Bacuh 1980: 9). At the same time,
they pointed out that the representations of the
bridge on coins are very stylised and simplified. In
their opinion, the sculptors of Trajan’s Column had
a solid idea of the appearance of the bridge based
on Trajan’s writings (the emperor’s comments on
the Dacian Wars). At this point, we would add a
new opinion to this one. Namely, the sculptors
of Trajan’s Column could equally have consult-
ed Apollodorus himself. Apart from the fact that
Apollodorus was the creator of the concept of the
execution of Trajan’s Bridge and the Column in
Rome, let us add that the sculptors could have had
the writings of the mentioned architect in front of
them in addition to the emperor’s comments. In
support of the reliability of the depictions of the
bridge on Trajan’s Column in Rome, we also point
to the fact that the depiction on the Column in
Rome is a rare detailed representation of a wood-
en bridge in the Roman Empire.
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BRIDGE CONSTRUCTION ON THE
COAST

The geographical similarity of the two banks of
the river, i.e., the symmetrical topography, made it
possible for the approaches to the bridge to be de-
signed in an almost identical way. The preserved
remains of the masonry structures of the bridge
on the Romanian and Serbian banks indicate
identical designs, applied materials, and types of
constructions at the two approach endings of the
bridge. Previous comparisons of masonry struc-
tures on the two banks by Romanian researchers
also point to this finding (Craciun and Sion 2006:
373). The dimensions of the most accessible and
best-preserved parts of the bridge, i.e., those on
the banks, indicate an exceptional similarity in
design: the length of the supporting structures of
the embankment pillars (including the platforms
at the end pillars on the river’s edge) is 39.90m on
the left bank, while the length on the right bank is
39.29m (Craciun and Sion 2006: 375).

The dimensions of the other elements of the
pillars on the Serbian and Romanian banks also
indicate the similarity of the structures on both
sides of the approach to the bridge (Table 1).
However, by looking at the values in the Table
1, it can be noticed that the lengths of the cen-
tre parts of all four supports are closer to each
other than the values of the total lengths of the
supports. Taking into account the measurements
of the central part of the first pillar on the Ser-
bian bank, Craciun and Sion calculated that the
length of 9.76 m most probably corresponded to
the length of 38 pedes, which should have been

the length of the portal in its above-ground part
(Créciun and Sion 2006: 370).

The distances between the embankment pillars
are different and range from 5.44 m between the
first and second on the Serbian side to 6.52 m be-
tween the third and fourth pillar on the Romanian
side (It is important to note here that the distance
between the pillars, we primarily mean the dis-
tance between their central parts). The distances
between the ends on the Romanian side are giv-
en according to the data of the Romanian authors
(Créciun and Sion 2006: 382). This information is
important for considering the construction that
bridged the space between the pillars on the bank,
which we will see in the following text. All dis-
tances between individual pillars on one and the
other side of the Danube are shown in Table 2.

Pillar foundations

Geotechnical tests of foundations carried out
in 1983 by Romanian scientists indicated that the
foundations lie on a bedrock made of clay and
poorly cemented micaceous sands with marl in-
tercalations. Blocks of crystalline schist and quartz
were then placed over them, at a thickness of 30-
50 cm, without bonding with mortar. Over these
blocks, crystalline shale and quartz were used for
masonry as well, bound with white mortar with
the properties of modern hydraulic mortar (Craci-
un and Sion 2006: 381).

Imprints of wooden planks for preparing the
formwork of the foundations are most visible on
the sides of the pillars (Fig. 2a). Since the remains

Total length | Total width | The width of | Thelength | Thelength | The width of
(m) (m) the central | ofthecen- | oftheexten-| the exten-
part tral partof | sionofthe | sion of the
(m) the pillar (m) pillar (m) pillar (m)
Pillar | - 16.66 6.36 4.76 9.76 3.60 5.50
portal
Pillar 1l 14.12 475 2.36 9.40 2.38 413
Pillar Il 13.95 415 2.38 9.40 2.30 4.15
Pillar IV 13.42 495 2.95 10.10 2.85 495
(the platform
partis not
included)

Table 1. The values of the lengths of individual parts of Trajan’s Bridge’s masonry supports on the embankment (the
attached values are based on the technical documentation of the Institute of Archaeology, Belgrade).
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I -1l pillar =1 pillar | =1V pillar

Distance between middle parts of the pillars on the 5.44 6.23 6.52
Serbian side (m)

Distance between middle parts of the pillars on the 5.50 5.75 6.60
Romanian side (m)

Distance between ending parts of the pillars on the 431 4.71 431
Serbian side (m)

Distance between ending parts of the pillars on the 4.40 4.00 413
Romanian side (m)

Table 2. Distances between individual pillars on the Serbian and Romanian sides of the Danube river.

Fig. 2. a. Channels left as imprints from wooden planks of the formwork for the foundations of the first pillar in the
foreground; b. The remnants of the fourth pillar of Trajan’s Bridge; c. The imprints left from beams of the wooden grid
system on the platform of the fourth pillar; d. Dense formation of stones and mortar tamped in the platform, with
channels left from the horizontal wooden grid systems; e. a hollow left from a wooden post in the foreground of the
platform and dense formation within the rows of bricks on the wall (opus testaceum); f. The only preserved ashlar and
imprints from other missing ashlars on the side of fourth pillar; on their upper and bottom surfaces the channels left
from wooden grids can be seen (photo-documentation of the Institute of Archaeology, Belgrade).
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on the Romanian bank are very damaged pillars,
no imprints of the formwork were registered.
Therefore, on the Romanian side, there is no data
on the size of the wooden formwork elements
used for the foundations of the embankment pil-
lars. On the Serbian side, there are clear prints of
the vertical planks of the formwork on the faces of
the foundations, which show the extent to which
the opus caementicium was tamped and how the
foundations were constructed. The fact that we
can very clearly see these imprints from the planks
shows that stones and lime mortar were tamped
very strongly within the masses of the founda-
tions. The method of execution of the formwork
for the foundations of the bridge pillars was iden-
tical to that used for the foundations of the ram-
parts of the nearby Pontes castrum that protected
the approach to the bridge. However, the main
purpose of wooden boxes made up of planks and
created for the execution of these foundations was
in fact to prevent the collapse of the surrounding
soil. Thanks to the clear imprints of the boards,
the dimensions of their section, as well as other
details, could be fully determined. The wood was
cut into boards with a regular square section. The
cross-section size of the wooden boards used in
the foundation of the pillar with the portal (the
first pillar) was 30 - 40 x 6 cm, for the second pil-
lar it was 25 - 42 x 6 cm, and for the third pillar it
was 45 x 6. We can also see the imprints in both
directions: vertical and horizontal. The largest
length of one horizontally placed board is 7.7m
and it was registered on the southern face of the
foundations of the third embankment pillar on
the Serbian side. Lime mortar was poured inside
the formwork formed in this way and larger stones
(10-30cm) were hand-laid into it, and the whole
mass was then tamped in order to achieve a com-
pact foundation. During the tamping, the wooden
formwork buckled and cracked, which was noted
in several places on the foundations of the pillars
on the bank (according to drawings and photos
from the documentation of the Institute of Ar-
chaeology in Belgrade).

When it comes to the foundation of the plat-
form along the fourth embankment pillar (Fig.
2b), within the space provided for the foundation,
wooden posts were previously driven according to
the modular system. With them, the future ma-
sonry construction of the foundation would be

tied to the river bed. Getting stones hand-laid into
the mass of lime mortar was carried out in several
steps, which were coordinated with the successful
laying of grids made of wooden beams. A closer
look at the masonry remains in the foundation
part of the fourth pillar shows us the density of
stones and mortar around it (Fig. 2d). We can also
recognise the rows of stones tamped in the mass
of lime mortar, and that the dynamic of this pro-
cess was aligned with the setting of a wooden grid
system. The fact that there are no voids between
stones shows us how firmly the rows of stones
were tamped within the masses of the bridge
foundation. Also, we can see the classic Roman
caementa, made up of larger stones (10 - 30 cm),
which is different from today’s modern concrete
aggregate, which consists of different sizes of small
stones. This procedure made it possible to make a
solid mass for the foundation of each pillar, which
could carry the masses of the above-ground parts
of the masonry structure in the embankment part.
The same procedure was certainly used during the
building of the foundations of the pillars in the
river bed, as we will see below.

On the surface of a pillar platform are chan-
nels left from the rotten wooden grid system (Fig.
2¢, Fig. 3), as well as holes from wooden posts by
which the foundation was fixed to the riverbank
soil. Wooden posts were very often used in Roman
architecture in western Europe (Ulrich 2008: 80;
Lancaster and Ulrich 2014: 174).

According to Créciun and Sion, the wooden
post imprints left on the platform of the fourth
embankment pillar on the Romanian side had a
cross-section of 0.32 (0.26) x 0.24 (0.15) m, while
on the platform at Pontes, four different cross-sec-
tions of posts were recorded: 0.32 x 0.23, 0.25 x
0.18,0.30 x 0.19, 0.30 x 0.30 m (for the Romanian
data see: Craciun and Sion 2006: 384). One of the
oak beams preserved in the Museum of the Iron
Gates most likely had the function of a post (Tu-
dor 1931: 22; Criciun and Sion 2006: 384). Ac-
cording to the documentation of the Archaeolog-
ical Institute in Belgrade, the wooden posts were
not directly connected to the horizontal wooden
grids that were placed inside the core mass of the
platform of the fourth embankment pillar at a cer-
tain vertical distance.
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Embankment pillars above ground level

The first embankment pillar on the approach
to the bridge (with the portal) was rectangular
in plan and longer than other pillars, which can
also be seen in Table 1. The next two pillars in the
above-ground part had the shape of the Latin let-
ter I, while the fourth embankment pillar had a
more complex plan shape. The first part of that
pillar was in the form of a platform, while the sec-
ond one was in the form of a tall pillar (Fig. 2b,
Fig. 3). Even the construction details within the
first part resemble details from the foundation of
the pillars in the river bed, along with the wooden
grid system and the inner core of masonry made
up of stones hand-laid in lime mortar. Above the
foundation boundary of that part, made from
bricks, wall faces were executed by using stone
blocks. The other part of the pillar had blocks only
at its protruding ends. The wall part between these
ends had faces made of brick with an inner core

of masonry made up of stones laid in lime mortar.
Again, the remnants from a wooden grid system
were registered.

The facades of the above-ground parts of the
pillars, were built of bricks on the longitudinal
sides (opus testaceum) (Fig 2e). However, the
protruding endings of pillars on both sides (west-
ern and eastern) were built of stone blocks (opus
quadratum) firmly connected to the rest of the pil-
lars with a wooden grid. The stone blocks (or their
impressions) that were found on the remains of
the pillars on which the portal stood had a length
of 1.45 m and a width of 0.79 m (Fig. 2f). One of
the few preserved stone blocks used to connect
the central part of the pillar with its ends on the
fourth embankment pillar has a cross-section
width of 0.43 m and a height of 0.65 m. However,
the impressions of other blocks on the same pillar
indicate that the width could have been up to 1.15
m, while the height of the blocks was registered in
the range of values from 0.61 to 0.83 m (according
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Fig. 3. Plan of the fourth pillar with its platform (technical documentation of the Institute of Archaeology, Belgrade and
Petrovi¢ and Vasi¢ 1980. Fig 5.)
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to the technical documentation of the Institute of
Archaeology in Belgrade). The imprints from the
blocks were registered all along with the height
of the pillar part of the pillar, as well as the voids
and holes from the wooden grid system. Stone and
bricks penetrate to different depths in the core
filling mass of the masonry supports. The brick-
work was done using large formats, especially in
the area of the plinth. Bipedales and sesquipedales
bricks were used, or bricks whose dimensions
corresponded to the dimensions between the
mentioned types, mostly 50 x 60 x 6 - 8 cm in size
(Craciun and Sion 2006: 383).

On the collapsed faces of the pillars, it is no-
ticeable that the pouring and tamping of the opus
caementicium were done in layers and were con-
sistent with the installation of a wooden grid. The
lower the compressive strength and uniformity
of the mortar mixture, the greater would be the
need for larger and more properly cut building
units and vice versa (Vitti 2021: 3). For the ending
parts of pillars on the bank, larger and accurately
cut blocks were used, while the walls of the pil-
lars between these ends were faced with layers of
densely staggered bricks. In the cores of the pillars
of Trajan’s Bridge large pieces of irregularly shaped
stone were used for the inside filling, firmly em-
bedded in layers of lime mortar, and the combined
settlement during the process of construction was
controlled with a wooden grid.

At the western end of the platform, two im-
portant situations can be observed - there are
no remains of wooden posts, and the network of
wooden beams has a different orientation. This sit-
uation is present on both the Serbian and Roma-
nian sides of the masonry structurel. According
to Craciun and Sion researchers, the absence of
remains of wooden posts at the western end in-
dicates two possibilities. Based on the first, they
could have been embedded deeper in the river
bed, so that their top did not reach the surface of
the platform as those in the eastern part. Based
on the second possibility, the use of wooden posts
could have been replaced by another type of con-
struction, by which the platforms at their western

1 For an insight into the preservation state of the
remains on the Romanian side, see in: Craciun and Sion
2006. 381. The state of preservation on the Serbian side is
visible at the base of the platform depicted in the Fig.1 of
this paper (photo documentation of the Institute of Ar-
chaeology Belgrade).
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ends were fixed to the river bed (Créiciun and Sion
2006: 381). Concerning such possibilities, Craci-
un and Sion assumed the existence of a modular
system of 6 x 8 posts at the base of the platform
(Créciun and Sion 2006: 384). Additional rows of
posts would be located, in that case, on the west-
ern and opposite eastern side of the platform.
However, we cannot agree with this assumption
since neither on the Serbian nor the Romanian
side of the platform could we find material data
that would confirm it. On the contrary, the state
of preservation, or to be more precise, the dam-
age of the platforms on both embankments of the
Danube indicates the opposite - that there were
as many piles as are visible on the surface of the
platform near Pontes, that is, they were stacked in
a modular system of 6 x 6 piles. This is primarily
indicated by the better preservation of the remains
on the Serbian side (Fig. 3).

The wooden grid system at the western pro-
jecting end of the fourth pillar platform has a dif-
ferent orientation than that of the rest of the plat-
form surface (Fig. 3). The possibility that there are
posts buried deeper in the river bed at the west-
ern end cannot, however, be ruled out, but at least
one part of them would be visible on the damaged
parts of the platform on the Serbian side. Even if
such posts do exist, there was a particular reason
for them not to appear in the western triangular
projecting zone at the western end of the platform,
nor 2 m west of the eastern edge of the platform.

There is another interesting detail in the depic-
tion of Trajan’s Bridge on the Column in Rome.
Namely, if we adopt the thesis of the previous
researchers about the reliability of that represen-
tation, we notice that the wooden platform with
its longitudinal and transverse supporting beams
crosses the level where the tops of the arches are
located above the embankment structure of the
bridge. In that case, the connection of the masonry
arches with the wooden platform above the bridge
can be viewed from a different perspective. Name-
ly, taking into account that the average distance
between the central parts of the embankment pil-
lars was from 5.44 to 6.52 m, we notice that such
a span was sufficient to be bridged with stronger
wooden beams such as those used to form the
supporting structure in the part above the riv-
erbed. Using the representation of the bridge on
Trajan’s Column, two variants of the construction
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that bridged the spans between the pillars on the
bank can be assumed. In either of those variants, it
is indisputable that there were arches between the
protruding endings of these pillars. According to
the first variant, as assumed by earlier researchers
such as Dupperex, Tudor, and S. Gusi¢, the spans
between the middle parts of the embankment pil-
lars would have been covered by barrel vaults (Fig.
4a) (Tymmh 2015: 77, with older bibliography).
According to another variant, between the pillars
of the bridge on the banks, in the width between
their arches, there was a wooden structure made
of oak beams (Fig. 4b).

Apart from the depiction of Trajan’s Bridge on
the Column in Rome, the last conclusion is in-
dicated by a few more details on the bridge con-
struction itself (Fig. 4b). We have already indicat-
ed that the values of the length of the middle parts
of the bridge’s embankment pillars are closer to
each other than the values of the total length of the
masonry pillars. To be precise, this is the length of
each middle part on the first three embankment
pillars whose facades were built of bricks. In con-
trast, the total length of the pillar with the portal
differs from the second and third pillars, while the
length of the former also differs to some extent
from the total length of the fourth embankment
pillar (excluding the platform, of course). This
would mean that the length of the aforementioned
middle parts was more suitable for determining
the equal width of the road on the bridge over all
the embankment pillars. The same width is cov-
ered by the area of the grid system on the platform
of the fourth embankment pillar, which is defined
by longitudinal and transverse wooden beams, as
well as vertically driven posts.

In this sense, the absence of wooden posts at
the western end of the platform, which would have
secured it to the river bed, can also be observed.
Namely, at this point, we would assume that the
wooden posts could also have had the function
of additionally strengthening the connection of
the wooden platforms for the arch supports with
the structure of the masonry construction of the
bridge. This is supported by the fact that all the
imprints of the wooden posts were visible on the
surface of the masonry platform of the fourth em-
bankment pillar on the Serbian side, which indi-
cates that they pierced its surface. Since opus cae-
menticium did not pass over posts on the platform

surface, this could only have been done for a spe-
cial reason. According to the technical recordings
and photographs at the Institute of Archaeology
in Belgrade, they were not tied with a horizontal
wooden grid system (Fig. 3), so the only other
type of structure with which they would be tied is
a wooden platform for carrying the wooden arch
supports of the bridge. This view fits with the pre-
vious one regarding the possible width of the road
on Trajan’s Bridge (Fig. 4b).

PILLAR SUPPORTS IN THE RIVERBED

Studying Deuster’s drawings from 1858, Dup-
perex reconstructed the shape of the masonry
platforms in the river (Tudor 1931: 24). Accord-
ing to him, they were rounded rectangles with two
equilateral triangles attached to the shorter sides.
The tops of those triangles were directed upstream
and downstream and had the function of facilitat-
ing the flow of the river so that during this pro-
cess the creation of river sandbanks did not occur.
It is interesting that on the platform next to the
embankment pillar on the Romanian and Serbian
banks, there are no triangular protruding endings
on their eastern parts. However, Criciun and Sion
do not rule out the existence of such protruding
parts to the east on pillars in the river bed (Craci-
un and Sion 2006: 384).

Using Dio Cassius’s statement, these pillars
were reconstructed by Dupperex to be 18-19 m
(60 ft) wide (Tudor 1931: 25). The method of the
foundation of the bridge pillars in the riverbed is
very similar to that indicated by Vitruvius in his
comments on the method of the foundation of the
perimeter walls near seaports a century before the
building of Trajan’s Bridge. Considering the simi-
larity and importance of his descriptions concern-
ing the construction of the foundations of Trajan’s
Bridge, they are reproduced here in full. (Craciun
and Sion 2006:381; Burpysuje 2009: V, XII, 3 - 6.):

3. Then, in the place previously determined, a
cofferdam, with its sides formed of oaken stakes
with ties between them, is to be driven down into
the water and firmly propped there; then, the lower
surface inside, under the water, must be levelled off
and dredged, working from beams laid across; and
finally, concrete from the mortar trough—the stuff
having been mixed as prescribed above—must be
heaped up until the empty space which was within
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Fig. 4. Two solutions for spanning the spaces between pillars on the bank of the Danube: a. Variant with arches and
vaults between middle parts — the width of the walking platform on the bridge is adjusted to the overall length of the
second and third pillars; b. Variant with arches on the pillar ends and wooden beams between middle parts - the width
of the walking platform on the bridge is adjusted to the length of middle parts of all pillars (technical documentation of
the Institute of Archaeology, Belgrade, modified by I. Bjeli¢).

the cofferdam is filled up by the wall. This, however,
is possessed as a gift of nature by such places as have
been described above. [...]

5. But in places where this powder (volcanic
ash) is not found, the following method must be
employed. A cofferdam with double sides, composed
of charred stakes fastened together with ties, should
be constructed in the appointed place, and clay in
wicker baskets made of swamp rushes should be
packed in among the props. After this has been well
packed down and filled in as closely as possible, set
up your water screws, wheels, and drums, and let
the space now bounded by the enclosure be emptied
and dried. Then, dig out the bottom within the en-
closure. If it proves to be of earth, it must be cleared
out and dried till you come to the solid bottom and
for a space wider than the wall which is to be built
upon it, and then filled in with masonry consisting
of rubble, lime, and sand.

6. But if the place proves to be soft, the bottom
must be staked with piles made of charred alder
or olive wood, and then filled in with charcoal as

has been prescribed in the case of the foundations
of theatres and the city wall. Finally, build the wall
of dimension stone, with the bond stones as long as
possible, so that particularly the stones in the middle
may be held together by the joints. Then, fill the in-
side of the wall with broken stone or masonry. It will
thus be possible for even a tower to be built upon it.

Although the example of the construction of
the foundation of the bridge in Mainz indicates the
possibility of placing one row of planks that limit
the volume of the foundation from the outside, the
description of the destruction of the foundation
on the Romanian side of the river speaks in favour
of placing two concentric rows of planks for each
pillar in the Danube riverbed (Tudor 1931: 22;
Craciun and Sion 2006: 380). At the same time,
this description coincides with that mentioned by
Vitruvius (cofferdam with double sides).

Based on the aforementioned Vitruvius’ state-
ments, as well as the recorded remains of caissons
in the river, the statements of Dion Cassius and
Tsetses about the use of caissons for the construc-
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tion of pillars in the river bed can be confirmed
(Kaposuh nHophesnh 2004: 64-67; Karovié, Mi-
hailovi¢ and Vuckovi¢. 2008: 288, note 2; On earli-
er literature and historical sources see: apamanun
n Bacuh1980: 8). According to the same source,
the caissons were 120 feet (36 m) long and 80 feet
(24 m) wide. Dupperex, however, warned that the
height of the caissons in the deepest places of the
Danube river bed, in that case, was significant (be-
fore the formation of the Perdap II hydroelectric
power station, the depth of the Danube at that
location was about 7-8 m) (Tudor 1931: 33). If it
is taken into account that each of the caissons for
the pillars was 36 m wide and that, according to
the aforementioned ancient writings, the distance
between the pillars in the river bed was 56.70 m,
then it follows that the width of the river bed at
that location was narrowed by about 370 m by the
construction of the bridge. This means that the
width of the river bed was also reduced by about
a third of its value, so the force of the river that
flowed past the pillars had to be greater.

Based on Procopius’ statements, it is also
known that the course of the river was divided
into two parts to lower the river level and build
supports in the river bed (On earlier literature,
historical sources, and Procopiuss insight into
Apollodor’s writings see: Tapamanun u Bacuh
1980: 8). According to Tudor’s interpretations,
Apollodorus, therefore, had the opportunity to
build at least 4 or 5 pillars on the dry part of the
river bed (out of a total of 20 pillars that the bridge
had in that part of the river bed) (Tudor 1931: 30 -
32). During the construction of the caissons of the
other pillars towards the middle of the river bed,
the depth of the river had to be lowered to at least
5-6 m, which is still high for the installation of the
caissons recommended by Vitruvius. Even so, the
pillar caissons that remained in the water had to
be built on land. According to Tudor’s hypothesis,
which has survived until now as the only possible
one, the caissons would then have been anchored
at a certain distance and gradually filled with
stone and wood to sink to the bottom. The cais-
sons, according to Vitruvius recommendations,
would certainly have been laid so that their planks
were facing each other, between which clay was
then packed. Thus, a more suitable environment
would be created in the interior of the caisson for
the construction of the masonry structure of the
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bridge support. The rest of the water from the inte-
rior of the caissons was probably extracted by us-
ing an Archimedes” screw, which Vitruvius men-
tioned in this context above. After that, wooden
posts were set in a grid system. A firm lime mortar
was tamped within the empty interior of the cais-
sons, so the wooden posts and beam grid system
along with the boundary of caissons strengthened
the foundations to the ground.

When it comes to the structure and appear-
ance of the masonry pillars in the river, Tudor’s
reference to the testimonies of people who partic-
ipated in the demolition of the pillars in the river
bed on the Romanian side in 1909 is significant.
According to them, at first, they encountered bro-
ken stone connected by “concrete” and horizon-
tal layers of bricks. Next came horizontal rows of
large hewn stone blocks connected with mortar.
The blocks had different shaped blocks with chan-
nels on their upper surface. Inside the channel,
wooden ties were found that connected two rows
of blocks to each other (Tudor 1931: 27).

The placement of the wooden grid systems
had to be coordinated with the placement of stone
blocks along the edge of the masonry supports
in the river bed. One of the best indicators of the
method of combining blocks with wooden beams
are the preserved blocks from the destroyed pil-
lars on the Romanian side of the riverbed. After
their destruction, the blocks were transferred to
the yard of the river fleet command building in
Drobeta - Turnu Severin. These blocks were tech-
nically recorded and published by Tudor, whose
drawings we use here on this occasion (Fig. 5)
(Tudor 1931: Fig. 8). The blocks were 110-140 cm
long and 42 cm to 75 cm wide, depending on the
position. Their height is between 56 and 60 cm
(Tudor 1931: 27). On their top and bottom sur-
faces, carved channels, 7 - 8 cm wide and deep,
are noticeable in different formations. According
to their dimensions and the appearance of the
channel, such hewn blocks correspond to those
that can be seen on the fourth embankment pil-
lar on the Serbian side of the river. The angles
and position at which these channels are orien-
tated and placed are adapted to the geometry of
the blocks themselves and their place in the plan
of the masonry river pillar. Some intersections of
these channels were made at an angle of 90°, while
others were at an angle of 135° (90° + 45°). In these
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channels, there were wooden beams that connect-
ed the core of one pillar with the blocks of its stone
faces. Placing wooden grid systems in the interi-
or of the masonry supports allowed the mass of
stone and mortar to settle equally within the mass
of the core. Finally, using a strongly tamped mass
of mortar and stone, the compact core structure of
these supports was formed, which is indicated by
the fact that the remains of masonry supports in
the riverbed have survived to this day.

The same method used for the wooden grid
systems and posts in the masonry core of the plat-
forms of the fourth embankment pillar was also
used for the execution of the masonry supports of
the bridge in the river bed. Major Imbrisevic’s re-
port also points to the existence of pilots near the
river pillars (Tudor 1971: 202; Craciun and Sion
2006: 382). It is obvious that Apollodorus count-
ed on several factors to ensure the stability of the

masonry pillars of the bridge. The monumental
masses of masonry supports were formed, strong
enough to resist the force of the river, the humidi-
ty of the surrounding landscape, and temperature
changes, and strong enough to carry the monu-
mental wooden arches of the bridge’s supporting
structure.

Above that kind of prepared foundation, the
wooden structure of the bridge was constructed.
The kind of radial and concentric structure that
we can see in the depiction of the bridge on Tra-
jan's Column in Rome was probably most similar
to the constructions of wooden scaffolding for the
execution of the masonry arches on the aqueduct
of Pont du Gard in France. Similar constructions
were reinvented during the 18thcentury in France
and Great Britain (for more information on these
structures see: Bjeli¢ 2020, with bibliography).

Fig. 5. Ashlars from the pillars of Trajan’s Bridge in the Danube riverbed. On their surfaces, the carved channels for
wooden beams can be seen (according to Tudor 1931, Fig. 8).
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CONCLUSIONS

The study of the use of different materials in
the construction of Trajan’s Bridge indicates that
without the analysis of ancient writings one can-
not get a clearer picture of the former appearance
of the bridge and ancient construction methods
due to the pronounced damage of its remains.
Writings such as Tsetses, Dio Cassius, Procopius,
and Vitruvius enable us to get a clearer picture of
the use of these materials during the construction
of Trajan’s Bridge.

Field data is certainly the most important in
terms of specific methods of using different ma-
terials. In the case of Trajan’s Bridge, it is partic-
ularly significant if elements of these materials
are preserved in situ, but equally important are
the imprints of specific elements in the opus cae-
menticium. Imprints of wooden elements on part
of the foundations indicate the way in which the
foundation was formed and the degree to which
mortar and stone were compacted, to achieve the
best possible bond between these two materials.
The analysis of the special positions of individual
elements and materials on the embankment part
of the bridge construction indicates the need to re-
consider certain interpretations about the method
of spanning the spaces between the pillars in this
space. The method of spanning between the pillars
in the river bed and the analysis of the dimensions
of individual elements on the embankment parts
of the structure indicates that the spaces between
the embankment pillars did not have to be covered
with barrel vaults, but with wooden beams. The
aforementioned conclusion would also affect the
speed of execution of the entire structure, which
is characteristic of the entire structure of Trajan’s
Bridge.

In the example of Trajan’s Bridge, we see a va-
riety of construction methods. This is the result of
the combination of different materials used during
building in different environments (the parts of
the construction exposed to water and those parts
exposed to the air and soil). In the end, we can
say that most of the processes undertaken during
the construction of the bridge were devoted to the
stability and durability of the structure. Bearing in
mind that Romans did not know about static calcu-
lations and that their approach to the equilibrium
of building structures was empirical, we can rec-

ognise that all the combinations of materials used
during the construction of the masonry parts of
Trajan’s Bridge were devoted to most of the aspects
of its security known to its builders. The wooden
construction could not, of course, last long above
the surface of the river, and there is a good prob-
ability that the Romans destroyed it themselves
during the retreat from Dacia. However, the fact
that masonry parts of the bridge remaining in the
river bed and on the Danube banks of Romania
and Serbia survived for such a long time speaks in
favour of the idea that the supporting structure of
the bridge must have been planned as thoroughly
as Roman engineering could provide.
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REZIME

UPOTREBA GRADEVINSKIH
MATERIJALA TOKOM
IZGRADNJE TRAJANOVOG
MOSTA NA DUNAVU

KLJUCNE RECI: GRAPEVINSKI MATERIJALI, ME-
TODE KONSTRUKCIJA, ZIDANE STRUKTURE,
TRAJANOV MOST, RIMSKA ARHITEKTURA, DU-
NAVSKI LIMES.

Posle prvog rimskog osvajanja Dakije, car
Trajan je svom arhitekti Apolodoru dao izazovan
zadatak da projektuje i izgradi najveéi poznati
most u anti¢kom svetu, duzine preko 1.000 me-
tara, koji je premostio jednu od najvecih evropskih
reka - Dunav. Brzina izgradnje mosta, koju je car
morao zahtevati, nametnula je kori$¢enje vise ra-
zli¢itih metoda konstrukcija koje su se odnosile na
konkretne elemente mosta.

Prate¢i umetnicke i istorijske izvore, in situ
ostatke i analogije u ostalim delovima Rimskog
carstva, u ovom radu su izvrSeni pokusaji defini-
sanja izgleda konstrukcije mosta. Nju ¢ine tri dela:
deo mosta na obali reke, deo nosecée konstrukcije
u koritu reke i deo mosta preko povrsine Duna-
va. Dok je poslednji deo bio isklju¢ivo od drveta,
a deo u vodi bio zidan, za izgled obalnog dela su
moguce dve varijante, prema kojima je on mogao
biti u celosti zidan ili izveden u kombinaciji zidane
strukture i drvene kosntrukcije.

In situ ostaci na obalnim delovima mosta po-
kazuju specificne metode izgradnje ovog dela
konstrukcije. Na delu stubaca u visini temelja reg-
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istrovani su jasni otisci dasaka, koji pokazuju u
kojoj meri je opus caementicium bio nabijen i kako
su temelji gradeni. Lica poduznih strana nadzem-
nih delova stubova, zidana su od opeke. Bo¢na lica
nadzemnih delova stubaca zidana su kamenim
blokovima ¢vrsto povezanim sa ostatkom stubova
drvenim resetkama.

Opravdanje upotrebe napred navedenih razli¢itih
gradevinskih materijala mozemo potraziti u ispitivan-
ju Apolodorove potrebe za brzom izgradnjom mosta.
Na danas sacuvanom stupcu kome pak nedostaje lice
uodljivo je da je nalivanje i nabijanje opus caementi-
cium-a vr$eno slojevito i u skladu sa periodicnim
postavljanjem drvenih resetki u ulozi armature. Za
unutra$nju ispunu stubaca mosta kori$¢eni su komadi
kamena nepravilnog oblika dobro uronjeni u slojeve
kre¢nog maltera, dok je ravnomerno sleganje u proce-
su izgradnje kontrolisano drvenom re§etkom.

Sve intervencije rimskih inZenjera kori$c¢ene
pri izgradnji zidanih stubaca Trajanovog mos-
ta pokazuju da je njihov pristup bio empirijski,
posvecen vecini njima poznatih aspekata sig-
urnosti konstrukcija. Istovremeno, kombinovanje
razli¢itih gradevinskih materijala za konstruk-
ciju mosta bilo je verovatno uslovljeno potreb-
nom brzinom izgradnje, ali i okolnim prirodnim
uslovima, odnosno dostupnos¢u i karakteristika-
ma upotrebljenih materijala.

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dostupan
u rezimu otvorenog pristupa. Clanci objavljeni u ¢aso-
pisu mogu se besplatno preuzeti sa sajta i koristiti u
skladu sa licencom Creative Commons — Autorst-
vo-Nekomercijalno-Bez prerada 3.0 Srbija (https://
creativecommons.org/licenses/by-nc-nd/3.0/rs/.
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GLAMIJA - RTKOVO, NEW CONSIDERATIONS

ABSTRACT

Glamija - Rtkovo is one of the important archaeological sites on the lower course of the Danube in
Serbia. The discovered parts of architecture and movable finds offer the possibility for the analysis of archi-
tectural elements, used materials and mutual relationships of structures of older and younger fortifications,
as well as their dating. Also, with more detailed analysis, it is possible to draw certain conclusions and
principles on the basis of which a proposal for the ideal architectural reconstruction of the older fortification

could be made, as well as a comparison with similar fortifications in the immediate vicinity.

KEYWORDS: LIMES, THE DANUBE, LATE ANTIQUE, ARCHITECTURE ANALYSIS, FORTS.

INTRODUCTION

The fortification at the site of Glamija, near the
village of Rtkovo is located on the lower course
of the Danube in Serbia. It is positioned 12 km
downstream from the village of Kostol (ancient
Pontes), opposite the Romanian village of Hino-
va (Fig. 1). The site is located on a small natural
elevation along the steep bank of the Danube, due
to which part of the fortification was irretrievably
lost (Fig. 2). This is also the most prominent point
opposite the Romanian bank, hence its strategic
importance for the defence of the Danube Limes
from enemy incursions. The existence of visible
remains of the fortification was first recorded by
Count L. E Marsigli, and was then mentioned by
other travel writers and explorers. In their reports,
they mentioned a square fortification whose re-
mains were visible even above the ground. (Mar-
sigli 1726: 21; Kanitz 1892: 51) Today, the remains
of the architecture are found only undergroundl,
mainly due to decomposition and the extraction
of its stone and other building materials by the
resident population after the Second World War.

1 Apart from the excavated parts of the site.

It is probably for this reason that M. M. Vasic¢ left
this site out during the reconnaissance of this part
of Limes (besides the fact that his focus was on
prehistoric sites). (Bacuh 1910: 9-15)

In order to obtain the necessary elements for
determining the shape and dimensions of the
fortification, as well as the dating, archaeological
research was undertaken in 1980-1982, and re-
vision excavations in 2020. Then, the remains of
two fortifications were discovered and confirmed,
the smaller internal one that was extensively ex-
plored and the larger outer one that was partially
explored2 (Gabricevi¢ 1986:71-91) (Fig. 3).

RESULTS OF ARCHAEOLOGICAL
EXCAVATIONS

The smaller fortification, if we can call it that,
has an irregular square base, irregularly placed
in relation to the outer one, measuring 19.50 m x
19.50 m from the outside and 13.80 m x 13.80 m
from the inside (Fig. 4). In some places, the huge
rampart was preserved up to a height of 1.50 m,

2 Documentation of the Museum of Krajina in
Negotin from the excavation of the Glamija - Rtkovo site
in 2020.
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Fig. 1. Position of the site (drawing by B. Popovi¢ - on map in public use)

which was confirmed by the latest research, but in
some places, it was devastated and broken down
to the foundation level. The width of the founda-
tion zone varies from 2.85 m to 3.05 m, while the
width of the ramparts is reduced, on both sides,
to 1.60 m via two symmetrical plinths. The foun-
dations are solidly built with large pebbles and
irregularly broken stones, bound with high-qual-
ity lime mortar (Fig. 5). The upper zone of the
walls, above the level of the foundation, is built
with half-hewn stone and in some places with
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brick fragments, while at a certain height there is
a whole brick, measuring 35 cm x 30 cm x 6 cm,
built in four rows as a levelling course. The lev-
elling course was discovered in the zone of the
north-western corner, and we can assume that
such courses were also in the higher zones of the
ramparts, which was a common case in the tech-
nique of building fortifications in the immediate
vicinity, such as the Bordej and Mihajlovac sites.
(Uepmanosnh-Kysmanosrh u Crankosuh 1984:
219; Ilepmanosuh-Kysmanosnh 1979: 129) We
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Fig. 2. The wider situation of the locality (drawing by B. Popovi¢ - based on technical documentation of the
Museum of Krajina)

must emphasise that no bricks with seals have
been found during the excavations so far, which
makes it somewhat difficult to conclude which
military unit was stationed here. The entrance to
this fort was most likely located on the western
side. Its position is not exactly determined, but it
can be assumed based on the larger stone blocks in
the zone of the walls’ plinth. (Fig. 5)

In the central part of the internal fortification,
four foundations were discovered, built of stone and,
in some places, bricks bound with lime mortar (Fig.
6). They are arranged symmetrically, and they served
as support for the masonry pillars of the upper struc-
ture. The pillars have irregular square bases with one
rounded corner, measuring about 2.30 m x 2.30 m,
and the bottom of the foundation was found at 2.20
m from the ground level, i.e.,, from the level of the
preserved wall mass. The distance from the pillars to
the rampart is about 3.50 m, while the distance be-
tween the pillars is about 1.50 m. In the inner part of
the fortification, in the north-eastern corner, a ma-
sonry structure measuring 1.10 m x 1.90 m was dis-
covered, emerging from the mass of the wall. There
is a noticeable cascading level that can be connected
to the stairs, while the larger levelled surface could be
characterised as a landing from which one stepped
on the second stair flight at a right angle (Fig. 7).
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The same, uniform building material was used
for the construction of the entire building, ramparts
and pillars in the central part, which indicates that
the building was built at the same time without any
different construction phases, and with only lat-
er repairs. In places where it was possible, during
the excavations in 1980-1982, the stratigraphy of
the internal fortification was determined, which
showed that the horizons were separated by layers
of charred remains of wooden structures and rub-
ble. (Gabricevi¢ 1986: 72) This was confirmed by
excavations in 2020, to a greater extent, but there
were no datable finds. Two horizons can be dis-
tinguished here, which are important for under-
standing the function of this fortification, the old-
er of which is determined by the finds of coins of
Valentinian I, Gratian, Theodosius, Honorius and
Arcadius. The objects found in this layer, especially
the fibulae and lamps, also belong to that period.
The younger horizon, less rich in inventory, is de-
fined by the coins of Anastasius and Justin I. (Ga-
bricevi¢ 1986: 73) It is important to note that the
presence of various finds, in addition to military
ones, indicates considerable craft and agricultural
activity of the residents of the fortification, as well
as the importance of the Danube for their existence.

The outer fortification is positioned on a
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Fig. 3. Closer location of the site (drawing by B. Popovi¢ - based on technical documentation of the
Museum of Krajina)

slightly sloping terrain that falls towards the riv-
er and follows an east-west orientation. Its base,
which partially deviates from the regular square,
consists of four angular circular towers and a ram-
part between them (Fig. 8). Excavations so far
have confirmed the northern, southern and west-
ern ramparts, while the eastern one was probably
destroyed by the flow of the Danube. The remains

of the rampart are very poorly preserved, in some
places only at the level of the foundation, and in
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others up to about 1 m high, while its width is ex-
tremely large, about 2.4 m (Gabricevi¢ 1986: 73).
Based on the uncovered parts of the ramparts, it is
possible to determine their direction and position.
The length of the fortification in the east-west axis
is 51 m, while the dimension in the north-south
direction has been roughly determined to be about
50 m. The thickness of the ramparts in the foun-
dation zone is about 3 m, while the upper zone is
about 2.4 m wide. Three angular circular towers
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Fig. 4. Plan of internal fortification (drawing by B. Popovi¢ - based on technical documentation of the
Museum of Krajina)

were also discovered, which intruded into the
field in relation to the outer face of the rampart,
with which they were connected by a heavily rein-
forced masonry segment that formed the bulk of
the rampart. The towers were entered through this
reinforcement, and the entrance was most likely
formed into a barrel vault. The north-western and
south-western towers have an external diameter of
about 7.5 m, while the north-eastern one is slight-
ly smaller at 5.3 m. They were built with half-hewn
stone alternating with four rows of bricks, mea-
suring 36 cm x 30 cm x 4.5 cm, which served as
a levelling course, bound with high-quality lime
mortar, creating huge joints 8 cm thick. During
the excavation, it was found that the floor of the
tower was paved with bricks. The walls of the tow-
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ers have been preserved in some places up to 1.9 m
high, which is very important for the later recon-
struction during conservation. It is important to
note that during the excavation, an expected layer
of rubble along the ramparts was missing, whose
existence would be expected in the case of a pow-
erful structure, so the question arises whether the
younger fortification was completed at all.

ANALYSIS OF FORT ARCHITECTURE

In order to clarify the connection between the
outer and internal fortifications, excavations were
undertaken in the intermediate space. No con-
nection was found between these two structures
either in their construction or in any other details.
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Fig. 5. Construction and masonry techniques of the foundation and above-ground zone of the rampart
(photo by B. Popovi¢)

A significant height difference between the two
fortifications was noted, which also contradicts
any organic connection. In addition, the con-
struction techniques used in both cases, as well as
the asymmetric position of the internal and outer
fortifications, support the hypothesis that these
two structures were built at different times. Their
construction was dictated by the strategic impor-
tance of this locality on the banks of the Danube.
(Gabricevi¢ 1986: 74)

The investigation of the locality conditioned
the level and scope of the analysis of the architec-
ture, which would be significant for understand-
ing the construction method and the constructive
structure of this type of fortification, but also the
basis for some future conservation solutions in or-
der to present the site.

Older - Internal Fortification

A comprehensive analysis of the conditions
on the ground and the documentation from the
excavation concluded that the older fortification
was compact and consisted of a huge masonry
construction of a circumferential wall with four
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masonry pillar bases in the central part.

The perimeter wall was built on a huge foun-
dation, about 3 m thick, which was reduced via
two symmetrical plinths to a final width of 1.6 m.
Based on the size of the foundation and the width
of the rampart of 1.6 m, we can assume that the
rampart had a considerable height. This assump-
tion is also indicated by a large amount of rub-
ble that occurs right next to the rampart, which
represents the collapsed wall mass. The masonry
pillars, which also have huge foundations, most
likely supported the upper floor construction, as
well as the roof structure. The distance between
the perimeter wall and the pillars in the centre is
about 3.80 m, which indicates that this could have
been spanned with wooden beams, which would
have carried the floor construction. In the highest
zone, a hipped roof could easily have been formed
over the entire space or only over the central part
with pillars.

In support of the thesis with a wooden upper
construction, there is also a large number of finds
of metal wedges, nails and clamps that were most
likely used to connect wooden structural elements,
as well as a large number of roofing bricks found
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Fig. 6. Construction and masonry techniques of the foundation zone of the pillars in the interior of the fort
(photo by B. Popovi¢)

in the rubble above the floor. (Gabricevi¢ 1986: 74)
Also, in support of the storey construction, there
is a rectangular mass of masonry in the northeast
corner of the fortification, on which the remains of
three steps and a landing, from which the second
flight of the stairs was accessed at a right angle, can
be identified. The second flight of stairs was most
likely wooden because no masonry structure was
found, so such a solution is the only possible one.
The first flight of three steps is parallel to the north
wall and approached from the eastern side, while
the second flight was probably parallel to the east
wall and was approached from a masonry landing.
The position of the staircase next to the rampart
determines the height at the exit part of the upper
floor construction, as well as the organisation and
structural assembly of the upper zone. If we were to
assume, based on the free space where it is possible
to form a wooden flight of a staircase, the number
of treads and the height of each step, we get an ap-
proximate height of about 6 m from the floor level.
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This could be the elevation of the first-floor con-
struction, but also the height of the walkway, if the
rampart ends just above the level of the floor con-
struction. The central part, which would be sup-
ported by the pillars in the centre, could then have
a greater height with another floor that would have
been accessed by stairs from the first floor. In that
case, the assumed second floor could have served
as an observation post and only the central part
would have been covered. If the rampart had a full
height, and the entire area was covered, the func-
tion of the fortification and the way it was used
would be called into question (Fig. 9a and Fig. 9b).
A similar masonry structure, positioned in the
corner of the fortification, can be found at the sites
of Donje Butorke and Mihajlovac (Ilepmanosuh-
Kysmanosuh 1979; llepmanosuh-Kysmanosuh u
Cranxosuh 1986)

The entrance to the fortification, as we men-
tioned, was most likely from its western side,
which is suggested by the stone blocks in the wall
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Fig. 7. Masonry structure of stairs (photo and drawing by B. Popovi¢)

mass at the level of the threshold. Such blocks
are not found in other parts of the wall mass, so
it is likely that they were part of the threshold or
entrance zone. The area around the entrance is
poorly preserved, but a regular unevenness of the
wall mass is noticeable on that part of the western
rampart. The level of the entrance and the level of
the first step of the masonry part of the staircase,
as well as their relationship with the second level
of the plinth, lead to the conclusion that the floor
rested precisely on the second level of the plinth,
which indirectly indicates the level of the fortifi-
cation’s ground floor or the level of use, since the
excavation reports do not mention a mortar floor.
The position of the staircase also supports the as-
sumption of the position of the entrance and the
organisational scheme of the fortification in which
only the western wall is suitable to contain the en-
trance opening. We find an almost identical struc-
ture at the sites of Mihajlovac-Mora Vagei, Donje
Butorke and Bordej, which leads us to the conclu-
sion that these were typical fortifications for this
part of Limes.

Analysing the building materials used, it is
noticeable that a uniform material was used for
the construction of the internal fortification. The
foundations were built with pebbles, sometimes
with one row of bricks for levelling, while half-
hewn stone was used for the upper zones of the
face of the walls, for easier masonry work, and
with a levelling course of four rows of bricks. The
filling of the inner zone of the walls was usually
rubble core - broken stone and pebbles with a lot
of lime mortar (Fig. 5 and Fig. 6). This masonry
work is characteristic of a fortification of the 4th
century that is, of the period of Late Antiquity, and
is found in many sites on the Limes built in that
period. These facts support the assumption that
the whole internal fortification was built at the
same time and that the works on its construction
were synchronised, and that they were carried out
during the 4th century.
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- INTERMAL FORTIFICATION

QUTER FORTIFICATION

Fig. 8. Plan of external fortification (drawing by B. Popovi¢)

Younger - Outer Fortification

The younger fortification, formed around the
older one at a distance of about 20 m, has a com-
pletely different architectural structure and looks
more like classic fortifications with towers and
ramparts. The position of the towers on the corners
is characteristic of the fortifications of Donje Bu-
torke and Ljubic¢evac (Llepmanosuh-Kysmanosnh
n Crankosuh 1986; Ilaposuh-Ilemmkan 1984),
where the towers are placed on the corners, and
their shape and dimensions almost match, with
only minor deviations and differences. For ex-
ample, in the Donje Butorke site, the towers have
radially arranged buttresses on the outside, which
had a constructive role to ensure stability due to
the large slope of the terrain towards the Danube,

while in other sites the situation was much more
favourable and there was no need for this type of
reinforcement. Also, the position of the towers,
which extruded in relation to the rampart, is a
characteristic of late antique fortifications and one
of the most significant changes in the development
of Roman fortifications. (Pop-Lazi¢, Rummel
2020: 231) Certain overlaps are also noticeable
in the dimensions of the fortifications, so that the
fortification in Donje Butorke has dimensions of
46 m x45 m, Ljubicevac about 52 m x 54 m, while
the other fortifications are somewhat smaller.

The ensemble of the younger fortification -
ramparts and towers, was built with larger stones
and bricks in four rows, bound with lime mortar.
The presence of larger broken stones with a lot of
mortar that was used to fill the ramparts is also
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Reconstruction 1
Front view Section
Top view Ground floor plan

Fig. 9a. Schematic reconstructions of the watchtower (drawing by B. Popovi¢)

noticeable. Here it is obvious that there are certain
differences in the material used.

%%

Although it is assumed that the fortifications
were built independently of each other, this can
be said for the older fortification, while the con-
struction of the younger one was influenced in-
directly by its position, size and orientation. The
choice of location was an important factor in the
functioning of fortifications on the Limes. We can
notice that it was influenced by many factors, but
the most important is the relationship with the
river, which was undoubtedly the main geograph-
ical feature that determined the border. One of the
factors was the distance between the fortifications,
as well as the relationship to the enemy territory.
It is particularly interesting to note that from a mi-
cro-locational point of view, the positioning of the
fortifications, in the part of the lower course of the
Danube in Serbia, was followed by a lot of differ-
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ent parameters that defined the setting up of bases
in Perdap. The main characteristic of the fortifica-
tions from Cezava to Egeta is that they were placed
directly along the Danube, or as close as possible
to the river. Therefore, their direct topographical
relationship to the river is fundamentally different
from those observed in the upper course of the
Danube in Serbia, where the fortifications were
placed on the tops of the loess plains and terrac-
es that formed next to the river, i.e., a few tens of
meters above the Danube, as is the case, for exam-
ple, in Bononia, Cusum, Ad Herculem, Acumincum
and Ritium. (Pop-Lazi¢, Rummel, 2020: 227) This
characteristic has led to the fact that in several cas-
es, the Danube has washed away parts of fortifi-
cations that were often built on the unfavourable
ground right next to the river, which is also the
case with the younger fortification in Glamija.

As for the building materials used for the con-
struction of the outer and internal fortifications,
there are noticeable differences in their dimen-
sions. The material used for the construction of the
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Fig. 9b. Schematic reconstructions of the watchtower (drawing by B. Popovi¢)

outer fortification was larger than that used for the
construction of the internal fortification, which is
characteristic of a building of this size. The difter-
ence in the dimensions of the bricks and the mor-
tar joints between them also stands out. For the
internal fortification, the bricks measure 35 cm x
30 cm x 6 cm with 4 cm - 6 cm joints, while for the
external fortification, the brick dimensions are 36
cm x 30 cm x 4.5 cm, and the joints are 8 cm. With
the lime mortar, apart from the fine sand, the use
of very coarse aggregate is noticeable in both for-
tifications, which is especially pronounced in the
younger fortification.

CONCLUSIONS

The facts presented indicate that the two for-
tifications, the internal and the outer, were built
in different time periods. The internal fortifica-
tion, or watchtower, is dated in the literature to the
second half of the 4th century, according to the
coins found during the excavations (Gabricevi¢

1986: 74), but it can also be dated thus based on
the masonry technique and the materials used.
It is assumed that the fortification suffered some
damage at the beginning of the 5th century, when
it was partially rebuilt (Gabricevi¢ 1986: 72). Also,
(Fig. 10) analogies with similar fortifications in
the immediate vicinity, Donje Butorke, Miha-
jlovac, Bordej and Ljubicevac, (LlepmanoBuh-
Kysmanosuh 1979; llepmanosuh-Kysmanosuh u
Crankosuh 1984; IlepmanoBuh-Kysmanosuh u
CranxoBnh 1986; [Taposuh-Ilemmnkan 1984) indi-
cate that this fort was built during the 4th century,
i.e., that there was a series of fortifications built in
the period of the first tetrarchy, at the time of Di-
ocletian. The older fortification, which is a fortifi-
cation in the true sense of the word, has not been
clearly dated in the literature due to the complete
absence of movable finds. (Gabricevi¢ 1986: 73)
We assume, based on the dimensions, masonry
techniques, as well as analogies with the already
mentioned fortifications of Bordej (Ilepmanosuh-
Kysmanosuh u Crankosuh 1984: 217) and Donje
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Fig. 10. Analogies - the fortifications that are most similar (according to Pop-Lazi¢, S. and Rumel, C., 2020)

Butorke (Ilepmanosuh-Kysmanosuh 1979: 127),
that its construction was started in the 6th centu-
ry, during Justinian’s renovation of the Limes, and
it is questionable whether it was completed. It is
clear that it was built as an upgrade or modifica-
tion of the existing structure in order to improve
defence capabilities, that is, to fit in with the new
trends of development in military architecture.

A number of questions also arise, to which
we cannot now give an exact answer, one of them
being how many soldiers were stationed in this
fort in the first and later periods of its function-
ing, as well as the purpose of the building, which
we assume was a watchtower. The question arises
whether the soldiers were stationed in the watch-
tower or whether they came from a nearby fortifi-

cation such as Pontes. Also, the question remains
open as to what the watchtower looked like, how
many floors it had and what its relationship was to
the environment, from a military-tactical point of
view. These and many other questions will hope-
fully be answered by new research.

The sites discovered so far, Glamija among
them, provide us with a certain picture of the
functioning of the Danube Limes over time, its
formation, restoration and decay. The fortification
on the site of Glamija is only one of the known
mosaic fragments that shed light on the powerful
phenomenon called the Limes.
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REZIME

GLAMIJA - RTKOVO, NOVA
RAZMATRAN]JA

KLJUCNE RECI: LIMES, DUNAV, KASNA ANTIKA,
ANALIZA ARHITEKTURE, UTVRDEN]JA.

Utvrdenje na lokalitetu Glamija kod sela Rtko-
va nalazi se u donjem toku Dunava kroz Srbiju.
Pozicionirano je 12 km nizvodno od Kostola (Pon-
tes), a nasuprot rumunskog sela Hinova. Da bi se
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dobili potrebni elementi za utvrdivanje oblika i
dimenzija utvrdenja, kao i datovanja, preduzeta su
arheoloska istrazivanja od 1980. do 1982. godine,
kao i reviziona iskopavanja 2020. godine. Tada su
otkriveni i potvrdeni, ostaci dva utvrdenja, man-
jeg unutrasnjeg, koje je istrazeno u velikoj meri i
veceg spoljasnjeg, koje je delimi¢no istrazeno.

Manje utvrdenje, ako ga tako mozemo naz-
vati, je nepravilne kvadratne osnove, nepravilno
postavljeno u odnosu na spoljasnje, dimenzija
19,50 m x 19,50 m. U sredi$njem delu unutrasn-
jeg utvrdenja otkrivene su Cetiri temeljne stope
zidane kamenom i mestimi¢no opekom, vezanim
kre¢nim malterom. Spoljasnje utvrdenje pozi-
cionirano je na blago nagnutom terenu koji pada
prema reci i prati orijentaciju istok-zapad. U os-
novi je oblika koji delimi¢no odstupa od pravil-
nog kvadrata, dimenzija 50 m x 51 m, a ¢ine ga
Cetiri ugaone kruzne kule i bedem izmedu njih.
Da bi se razjasnila povezanost izmedu spoljasnjeg
i unutra$njeg utvrdenja, radena su iskopavanja
u meduprostoru, medutim nije pronadena
veza izmedu ove dve strukture, ni u njihovoj
konstrukciji, ni u drugim detaljima.

Istrazenost lokaliteta uslovila je nivo i obim
analize arhitekture koja bi bila znacajna za
razumevanje nacina gradnje i konstruktivnog
sklopa ovakvog tipa utvrdenja, ali i osnova za
buduca konzervatorska resenja u cilju prezentacije
lokaliteta. Na osnovu masivnosti temelja bedema
i stubaca u sredistu, kao i Sirine bedema od 1,6 m,
mozemo pretpostaviti da je bedem imao znatnu
visinu, a da je karaula imala najmanje jednu etazu.
Rastojanje izmedu obimnog zida i stubaca u
sredistu je oko 3,80 m §to ukazuje da je taj raspon
mogao biti savladan drvenim gredama, koje bi
nosile meduspratnu konstrukciju. U najvi$oj zoni
bi se lako mogao formirati Cetvorovodni krov
iznad celog prostora ili samo iznad centralnog dela
sa stupcima. Takode, u prilog spratnoj konstrukciji
ide i pravougaona zidana masa u severoisto¢nom
uglu utvrdenja na kojoj se prepoznaju ostaci
tri stepenika i podesta sa koga se pristupalo
drugom kraku stepenica pod pravim uglom.
Polozaj stepenista uz bedem uslovljava i visine na
izlaznom delu meduspratne konstrukeije, pa tako
i organizaciju i konstruktivni sklop osnove, ali i
gornje etaze. U organizacionoj Semi osnove upitno
je mesto ulaza u utvrdenje, koji je najverovatnije
bio sa zapadne strane, na $ta sugeriu kameni
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kvaderi u zidnoj masi na nivou praga. Ovakvi
kvaderi se ne sre¢u u ostalim delovima zidne mase,
pa je verovatno da su bili deo praga ili ulazne zone.
Analizirajuci upotrebljene materijale, dolazimo do
istih zakljuc¢aka - da je starije utvrdenje, odnosno
karaula, gradeno nezavisno od mladeg, diji je
polozaj, orijentaciju i veli¢inu indirektno odredilo
starije utvrdenje. Primetna je razlika u veli¢ini
gradevinskog materijala, opekama i kamenu, kao i
u granulaciji frakcija za spravljanje maltera.
Iznete ¢injenice ukazuju da su dva utvrdenja,
unutra$nje i spoljadnje, gradena u razli¢itim
vremenskim periodima. Unutrasnje utvrdenje,
ili karaula-osmatra¢nica, je opredeljeno u drugu
polovinu IV veka, prema nalazima novca, ali i
prema tehnici zidanja i upotrebljenom materijalu.
Takode, analogije sa slicnim utvrdenjima u
neposrednoj okolini, Donje Butorke, Mihajlovac,
Bordej i Ljubicevac, ukazuju na to da je ovo
utvrdenje gradeno tokom IV veka, tj. da je to bio
niz utvrdenja izgradenih u periodu prve tetrarhije
i vremenu Dioklecijana. Starije utvrdenje, koje
je utvrdenje u pravom slislu te reci, mozemo
opredeliti u VI vek, na osnovu dimenzija, tehnika
gradnje, kao i analogija sa ve¢ pomenutim
utvrdenjima, odnosno u vreme Justinijanove
obnove limesa, a upitno je da li je bilo zavrseno.
Jasno je da je gradeno kao nadogradnja ili
modifikacija postojece strukture u cilju poboljsanja
odbrambenih sposobnosti, odnosno uklapanja sa
novim tendencijama razvoja vojne arhitekture.
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A CONTRIBUTION TO THE KNOWLEDGE OF ANTIQUE TERRACOTTA
ICONOGRAPHY IN THE PROVINCE OF UPPER MOESIA

ABSTRACT

This paper presents three accidental terracotta finds assumed to originate from the KruSevac sur-
roundings. There is one plate with a relief depiction, known only from the National Museum in KrusSevac
documentation, and two finds from the antique archaeological collection from the National Museum in
Krusevac - the bust of a figure in high relief and the head of a female figurine. According to the iconography
characteristics of these smaller dimension objects, we see the possibility of their cult nature. Thus, the depic-
tion on the plate with a nude male figure with the spear and shield is identified as an artistic presentation
of the god Mars. Taking into account the shorter coiffure with signs of stylisation on the bust mentioned
above, we assume that it presents a male figure, but due to the poor preservation, it is impossible to identify
it. Finally, thanks to a typical melon (melonen) coiffure and accessory on the top of the head resembling a
high raised diadem or krobylos, we have made a connection between the head of the figurine and female
facial features of the iconography of the goddess Venus.

KEYWORDS: MARS, VENUS, TERRACOTTA, CULT, ICONOGRAPHY, KRUSEVAC, UPPER MOESIA.

In the documentation of the National Muse- However, in the somewhat broader surroundings,
um in Krusevac, a small terracotta plate decorated finds indicating worship of different cults have
with a relief presentation from an unknown site been recorded, among which Mithras cult domi-
was recorded as a rare specimen in the Krudevac nates, based on its frequency. That is how one mar-
surrounding area, from where it is assumed it ble relief dedicated to this deity was found during
originates (Pamkosuh 2017: 337, TIII/6). In ad- an excavation in the Horreum Margi fortification
dition, this museum’s archaeological collection (Bacmuh 1992: 379-385; Tapavicki-Ili¢ i Petkovi¢
also keeps two accidental pottery finds' with small  2017: 165-166, fig. 1), while Mithra’s marble icons
dimensions. On this occasion, by analysing their have also been recorded in the villages of Razanj
artistic details, we tried to resolve to which deities  (TaBpunoBuh-Burac 2017: 187-206, cn. 1-2), Noz-
they could possibly have belonged, that is, what rina (Plemi¢ and Vasiljevi¢ 2021), Dzigolj near
could be their purpose. Namely, archaeological Prokuplje (LIBeTxoBuh-Kysmanosuh 1995: 165-
finds of Antiquity originating from the KruSevac 169) and Dragovo near Rekovac (3otoBuh 1973:
surroundings most often represent objects of daily = 25). In addition, the collective find under the hill
use,” while finds of a cult character are much rarer.  called Karadordevo brdo, near Paracin, has been
also recorded in the literature, where, together

1 Antique archaeological collection of the National
Museum in Krusevac, inventory number 6, 8.

with silver, found in the village of Bo$njane on the left bank
2 A more luxurious find, rare in this area, is a  of the West Morava river, today in the National Museum,
bronze jug of the olpe type from the 1% century, ornated  Belgrade, ITorosuh 1994: 276.
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Fig. 1 Terracotta plaque with a relief decoration
(documentation of the National Museum Kru$evac).

with Mithra, there were other deities such as Apol-
lo and the Thracian Horseman (Seure 1922; Cer-
manovi¢-Kuzmanovi¢ 1963: 32-33; Cpupaxkosuh
2007). Furthermore, in the village of Nozrina,
several votive reliefs dedicated to Sol-Apollo, the
Thracian Horseman, Jupiter, and Juno were found
(Pamxosuh 2013: 64, T. 4-5; Bacumesnh 2017: 23-
25), and on the Praesidium Pompei site, a Roman
road station located in the village of Ci¢ina, a cult
relief dedicated to Asclepius was found (ITnemuh
2012, 291-298). However, these monuments, in
terms of the manufacturing method, material and
dimensions, are visibly different from the find
presented in this paper, and whose stylistic char-
acteristics and manufacturing quality indicate the
possibility of belonging to lower social classes and
potential creation in a local craft workshop.

First, we will present a terracotta plate decorat-
ed in relief, recorded in the documentation of the
National Museum in Krusevac, although without
the data regarding the site where it was found. This
is an object of 8.2 cm in height and 6.3 in width
from highly purified clay and with slightly light-
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er-colour baking. The standing figure of a young
man with a cap on his head holding an elongated
stick or spear-like object in his right hand while
holding a round object in his left one is clearly
identified (Fig. 1). The figure’s left leg is slightly
bent and seems raised onto a rock-like elevation.
In front of the figure there is a shape resembling
a pillar or profiled door-frame, while the scene is
situated in the decorated frame whose ornaments
in the form of a granulated border are observed
only in the upper part, above the figure’s head.

The fact that there were several finds in the
wider surroundings of KrusSevac connected with
the cult of Mithra probably encouraged the pre-
vious opinion of the investigators that this deity
could also be represented on the terracotta plate
described above. So, the details like a cap on the
head of the figure and an elongated object in
the right hand are recognised as a Phrygian cap
and a shepherd’s crook (pedum), while Mithra,
in his left hand, is offering food, as a part of the
Mithraic Eucharistic, standing in front of a Mi-
thraeum (Pamxosuh 2017: 337-338). However,
it is known that the so-called tauroctony, a ritual
scene in which the god Mithra kills a bull as the
central presentation of Mithraic cosmogony, is
actually the most commonly presented composi-
tion on objects of his cult (Cumont 1903; Hinnells
1975: 290-312; Merkelbach 1984: 153). The figure
of the naked Mithra with a pedum is not a typ-
ical iconography even for the scenes of his cycle
that appear around a central presentation on the
complex icons of larger dimensions (Vermaseren
1956-1960: no. 1247, 1283, 1292-1293, 1301, 1400,
1472, 1920 and 1935). Additionally, a pedum oc-
curs more often on Mithras reliefs from Upper
Moesia, but as an attribute of dadophoroi, Cautes
and Cautopates, who usually surround the deity at
the moment of tauroctony (3orosuh 1973: 130).
Bearing in mind that all the mentioned Mithra
reliefs from the area that is geographically close
to Krusevac present typical depictions of the god
Mithra in tauroctony, we believe that, based on
the frequency of such an iconographic setting, it
would be logical that the deity is also depicted in
such a manner on the plate that we are discussing
here.

Based on all the aforementioned, we would
suggest a slightly different possibility for the iden-
tification of this relief presentation. Namely, the
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nude young man with a helmet, spear, and shield, is
actually one of two typical art presentations of the
god Mars, which originated most probably under
the influence of Hellenistic art, i.e. the iconography
of the Greek god Ares (Cermanovi¢ Kuzmanovi¢
i Srejovi¢ 1992: 333-334). In Roman mythology,
this deity was primarily worshipped as the god of
war (Gradivus), but also as a protector of agricul-
ture and animal husbandry (Pater), which is why
prayers were addressed to him to protect the land,
both from enemies and natural disasters. Precisely
because of the stated characteristics, his cult was
widespread in Upper Moesia, which is confirmed
by numerous finds, from epigraphic testimonies
and small sculptures to jewellery and ceremonial
objects (BacupeBuh 2009). Moreover, it is known
that most probably in the area of today’s Kosmaj, a
batch of coins was minted with the head of the god
Mars on the obverse and armour on the reverse
(Oymanuh 1971). Bearing all that in mind, we
will presume that the long cap on the figure’s head
presented on the plate in question, like a Phrygian
cap, is actually a stylised helmet with a tall crest,
typical for the god Mars. Furthermore, we propose
the identification of the attributes thus: in the right
hand, the deity holds a spear (hastae Martis), and,
in the left, a shield (ancilla), which is similar to
the so-called Thracian shield, with a small round
form, which was generally worn by members of
the equestrian units, and Mars votive monuments
on which he has epithet, equitum, are among the
most numerous in the Upper Moesia (Mirkovi¢
1986: no. 299; Petrovi¢ 1995: no. 7-9; Jopanosuh
2007: 211). The parallels for such a depiction of
Mars are found on the votive relief made of grey
limestone dedicated to Jupiter, Mars, and Silvanus
that is today built into the tower of the eastern
rampart of the City of Smederevo (I]BerkoBnh
2009: 35-39; Bacuwmpeuh 2009: 200, ca. 1). Here,
the nude Mars, with his weight on the right leg, is
placed to the right of Jupiter. In the left hand, the
deity holds a round shield, while the right one is
next to the body, and maybe there was some at-
tribute in it, such as a spear. In addition, a bronze
figurine from Viminacium, today in the National
Museum in Belgrade, with a height of 11.1 cm, has
a similar iconography (Bemnukosuh 1972: 19, 6p.
10; Josanosuh 2007: 210-211; BacupeBuh 2009:
201, cn. 2). Here, the nude young deity is pre-
sented in a standing position, of non-emphasised

contrapposto, with the right leg slightly stretched
forward. In his left hand he holds a small round
shield in front of his thigh, while in his right hand,
raised above his shoulder, the attribute is missing,
but it is assumed that it might have been a spear
or a trophy. A luxurious helmet with a tall crest
is on the head, and Mars is covered with a short
cloak, fastened at the left shoulder, partly covering
the chest. Such iconography is probably based on
the classical role of Ares Borghese,® attributed to
the Greek artist Alcamenes, which was a proto-
type of numerous later Roman copies of this deity
(Lawrence 1929: 221, pl. 69b). Unfortunately, the
non-elaborated execution of the relief presenta-
tion on the plate from the Krusevac area makes
impossible to perceive the additional details, so it
cannot be stated with any certainty whether in this
case the figure had a short cloak, like the figurine
from Viminacium.

We will continue the overview of terracotta
findings from the antique collection of the Na-
tional Museum in Krusevac with a description of
the small icon representing a bust, crafted in high
relief (BacwpeBnh 2017: 24). It is an object with
a width of 4.5 cm and height 4 cm, with a max-
imum relief height of 3.2 cm. It is a specimen of
slightly less pure clay with a darker baking colour.
On the obverse of this terracotta, there is a head
with a part of the bust, slightly emphasised short
coiffure with partially persevered traces of curled
styling (Fig. 2). On the reverse of the find, there
is an opening with a diameter of approximately 2
cm, which we assume might have served to hang
the relief on a solid surface (Fig. 3). As the presen-
tation is significantly damaged, here it is impossi-
ble to make a more accurate attribution, but the
short hair leads us to the thought that it depicts a
man. In addition, there is an open question as to
whether this could be a deity, considering that this
icon as a cult object could easily be transferred or
be a part of a house altar.

Finally, we end this short overview with a de-
scription of a small pottery head made in high
relief, with a width of 4.5 cm and height up to 5
cm, and with a maximum relief height of 2.5 cm
(Fig. 4). It is a fragment made of well-purified clay
and traces of fine-grained sand, and with a reddish

3 Département des Antiquités grecques, étrusques et
romaines, Louvre (inv.no. Ma 866), https://collections.lou-
vre.fr/en/ark:/53355/c1010279164 (accessed: 17/05/2022)
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Fig. 2 Terracotta icon with a high-relief bust - obverse
(documentation of the National Museum Krusevac).

Fig. 3. Terracotta icon with a high-relief bust — reverse
(documentation of the National Museum Kru$evac).

baking colour. Unlike the previous find, the fea-
tures of a woman’s face can be clearly recognised,
with the axis slightly bent to the left, with a chipped
nose and chin. Since only the coiffure of this head
reveals more details, we will try, on that basis, to
provide a proposal for the identification of this
presentation. Namely, the hair parted in the mid-
dle and combed into strands towards the vertex,
emphasising the sliced structure and usually col-
lected in a low bun at the nape of the neck, belongs
to the so-called melon (melonen) style. This is a
fashion known from the Hellenistic representa-
tion of unmarried girls during the Roman period,
popularised by Princess Plautilla from the Severan
dynasty through her portraits (Cambi 2005: 124).
Additionally, on the vertex, some kind of groove
or ribbon that goes around the head is observed,
above which there is a profiled accessory resem-
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bling the high-placed diadem that is characteristic
of the Venus Felix iconography type, named after
the statue from the second half of the 2nd century,
today at the Pio-Clementino Museum in the Vati-
can (Delivorrias, Berger-Doer and Kossatz-Deiss-
mann 1984: 79, no. 696, pl. 69; Hallett 2005, 199,
201, pl. 122, 219, 222, 238, n. 33, 332, 334), as well
as the so-called Asia Minor type of Venus/Aphro-
dite (butpakoBa-Iposganosa 1987: 138). Another
possibility for interpreting the profiled accessory
on the vertex is that here is a simply made top knot
(krobylos) that represents a high bun similar to a
bow-knot that often characterises the coiffures
of the goddesses Venus and Diana. Such an ico-
nography setting confirms numerous examples
recorded across Roman provinces on the Central
Balkans, as well as in Upper Moesia. These com-
prise various pieces of archaeological material,
from monumental marble sculptures, preserved
in fragments or completely, such as the head of
Diana from Putinci near Ruma (Cpejopuh u
IlepmanoBuh-Kysmanosuh 1987: 72-73; Ilnemuh
2017: kart. 11), then those from Sirmium (Venus or
Diana?) (Popovi¢ 2006: 153-159; ITnemuh 2017:
kaT. 12) and Mediana (Venus or Diana) (Vasi¢ i
Gavrilovi¢-Vitas 2012: fig. 3-5; [Tnemnh 2017: kaT.
13), as well as the statute of a head from Mediana
(Venus or Diana) (Plemi¢ 2013: 121-127; ITnemuh
2017: kat. 19) to the sculpture of Diana Lucifera
from Citluk, or bronze figurines such as one from
an unknown site in Upper Moesia, and votive re-
liefs (ITmemuh 2017: kat. 15, 22, 74). Among the
stated parallels, we would single out the marble
head of the goddess from Mediana, today at the
National Museum in Nis. Its coiffure style on the
vertex, i.e., krobylos, has a flat, almost rectangular
form that is not similar to a bow, and its shape re-
sembles that from a terracotta in the National Mu-
seum in Krusevac, even though there is an entirely
different stylisation of strands.

Considering the opinion that speaks in favour
of the more probable possibility for the identifi-
cation of the head from Mediana as the Venus of
Capitoline type has been presented (Vasi¢ i Gavri-
lovi¢-Vitas 2012: 147), we would also point out
that the find discussed here, can rather be classi-
fied in the iconography opus of Venus than Diana,
which is evidenced by the previously mentioned
possibility for interpreting her hairstyle. In terms
of dating, based on the melonen coiffure, which
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Fig. 4. Head of the terracotta figurine (documentation of
the National Museum Krusevac).

was popular from the time of Princess Plautilla
(202-205), the wife of Emperor Caracalla, we sug-
gest the first half of the 3™ century as the earliest
period of origin of this figurine.

At the end of this brief overview of the terra-
cotta find from the National Museum in Krusevac
documentation and the archaeological collection
of the same, bearing in mind their possible cult
nature, it is necessary to consider what their pur-
pose could have been. Since these are finds of small
dimensions that could be easily transported, they
may have been an expression of an imported cult
practice intended for house altars or some sacral
facilities such as votive gifts. On the other hand,
the technical and stylistic characteristics, showing
a simple execution, indicate that they might also
have originated in some provincial pottery work-
shops (Jeremi¢, Antonovi¢ and Vitezovi¢ 2018:
134-159). Additionally, the possibility that these
are grave finds must not be ruled out, especially in
the case of the female head, because the Venus Fu-
nerariae cult has been confirmed multiple times in
the area of Upper Moesia (JoBanosuh 2000: 11-19;

Dryman 2005: 369). However, without data on the
context of the finds, it is impossible to discuss in
more detail the places they were intended to be or
their function. Therefore, we hope that this brief
overview may serve as one of the guidelines for
future research and that their results will enable a
new, more complete knowledge about life in these
areas during the period of Roman domination.
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REZIME

PRILOG POZNAVANJU IKONOGRAFIJE
ANTICKIH TERAKOTA
NA TLU PROVINCIJE GORNJE MEZIJE

KLJUCNE RECI: MARS, VENERA, TERAKOTA, KULT,
IKONOGRAFIJA, KRUSEVAC, GORNJA MEZIJA.

U radu su predstavljena tri slucajna nalaza
od terakote zabelezena u evidenciji Narodnog
muzeja Kru$evac: jedna plocica sa reljefnom
predstavom, poprsje figure u visokom reljefu i
glava Zenske figurine. Shodno karakteristikama
njihove ikonografije naslutili smo moguénost da
je ovde re¢ o kultnim predmetima. Tako je prikaz
na plocici koji ¢ini naga muska figura sa kopljem
i $titom, identifikovan kao likovni obrazac boga
Marsa. Imajuci u vidu otvor za kacenje na reversu,
uz vidljivo kraéu frizuru sa naznakama stilizaci-
je na poprsju, pretpostavili smo da ono prikazu-
je musku figuru ali je usled lo$e ocuvanosti nije
moguce identifikovati. Konacno, glavu zZenskih
crta lica, zahvaljuju¢i melonen frizuri i dodatku na
temenu koji asocira na krobilos (krobylos) ili vi-
soko podignutu dijademu, doveli smo u vezu sa
ikonografijom boginje Venere.

S obzirom na to da su ovo nalazi manjih di-
menzija koji su se mogli lako transportovati,
moguce je da su predstavljali izraz importovane
kultne prakse, namenjeni kuénim oltarima ili
nekim sakralnim ambijentima kao votivni darovi.
Sa druge strane, tehnicke karakteristike i sumar-
nost izvodenja govore u prilog ¢injenici da su
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mogli nastati u nekoj provincijskoj radionici. Ta-
kode, nije isklju¢ena mogucnost da se radi o grob-
nim nalazima, posebno u slu¢aju zenske glave jer
je kult Venus Funerariae viestruko potvrden na
tlu Gornje Mezije. Pretpostavljaju¢i da poticu iz
okoline Krusevca, kao podruéja za koje nemamo
dovoljno podataka dobijenih putem arheoloskih
istrazivanja, dok se poznati materijal dobijen re-
kognosciranjem svodi na utilitarne predmete
i novac, nadamo se da prikazani nalazi mogu
posluziti kao jedna od smernica nekim buduéim
istrazivacima anticke proslosti tog prostora.
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ABSTRACT

A large collection of obsidian finds from the Late Neolithic layers of the Vinca-Belo Brdo site, recovered
during the excavations led by M. Vasié from 1929 to 1934, is curated in the Archaeological Collection of
the University of Belgrade. Despite the long history of research of this collection, a detailed technological
analysis of this material has not been conducted thus far. In this study, the results of technological analysis
of 1,261 obsidian finds from the Late Neolithic levels of Belo Brdo are presented and discussed in the light of
new data about the site. The results show that, although caution is needed when generating insights about
the past based on this old collection, it can be a valuable source for making new inferences about the past.
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INTRODUCTION suggested that it possibly originates from the area
of the Biikk Mountains (Bacuh 1932: 52; i.e., the
Numerous obsidian finds from the Late Neo- area of Biikk culture, Carpathians, see Tripkovi¢
lithic layers site of Vin¢a-Belo Brdo (Serbia) have 2004, footnote 17).
attracted the attention of researchers since the A large collection of obsidian finds that were
first excavations of M. Vasi¢ (see reference 4 in collected during Vasi¢’s excavations of Belo Brdo
Srejovié, Jovanovi¢ 1957). Although Vasi¢ gener-  from 1929-1934 is curated in the Archaeological
ally considered the stone tools as anachronisms ~Collection of the University of Belgrade. In 1957,
(Bacuh 1932: 52), due to his misinterpretation Srejovi¢ and Jovanovi¢ reported the results of the
of the site chronology (see Bori¢ 2016; Palavestra first systematic analysis of 1,398 obsidian finds
2012; 2013; 2020; Palavestra, Babi¢ 2016), he was from this collection (as well as flint finds, but they
quite interested in obsidian finds, rewarding la- will not be discussed here). They noted that ob-
borers that found obsidian during the excavations sidian sporadically appears quite early in the se-
(Garasanin, Garaganin 1953, 26, cited in Palaves- quence of the site (pit M, 10.13 - 9.35 m of rela-
tra 2020: 79, footnote 70). Obsidian is mentioned  tive depth'), while it disappears at 3.8 m of relative
in multiple parts of his monographs (Bacuh 1932; depth. Between the appearance and disappearance
1936a; 1936b; 1936¢), as a raw material for knives of obsidian on Belo Brdo, there are significant os-
and sidescrapers that were possibly used for shav-
ing, tattooing) or as parts of tribulum (tool for 1 Vasié¢ excavated the site of Vinc¢a-Belo Brdo in
threshing). Obsidian might have been particularly roughly 10 cm thick mechanical layers. For every find, the

N . TR relative depth was recorded in relation to the “absolute
significant for Vasi¢ as an indication of trade —he ., (Bacuth 1932; 1936a; 1936b; 1936¢).
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cillations in the frequency of finds from this raw
material at different levels (see Figure 1 of their
article). The percentage of all obsidian finds is 2.9%
between 10.0 and 9.0 m, much higher between 8.6
and 8.0 m (54.6%), and then gradually decreases
before its disappearance at 3.8 m. According to
Srejovi¢ and Jovanovi¢, the amount of obsidian in-
dicated the intensity of connections between Belo
Brdo and the neighbouring areas in the north (see
also Kaczanowska, Kozlowski 1990).

Srejovi¢ and Jovanovi¢ (1957) have also con-
ducted a typological analysis of obsidian finds.
They indicated the presence of cores, knives
(blades), fan-shaped and trapezoidal endscrap-
ers, and pointed scrapers. Based on the pres-
ence of cores throughout the sequence, Srejovi¢
and Jovanovi¢ concluded that the knapping was
done within the settlement. Two types of blades
were distinguished: 1) straight with triangular or
trapezoidal cross-section, from 0.7 to 5 cm long,
with or without retouch, appearing in all levels
from pits to 4 m; 2) curved blades with a triangu-
lar cross-section, without retouch, with a length
between 3.5 and 6 cm, distributed between 9.0 to
5.0 m, but most frequently between 8.3 and 6.0 m.
According to Srejovi¢ and Jovanovi¢, the shape of
obsidian blades is “determined by the very nature
of the material ... thin blades, usually small in size
with very sharp edges and without a large variety
of shapes” (Srejovi¢, Jovanovi¢ 1957: 258). They
also noted two types of scrapers: 1) fan-shaped
scrapers, in the “form of a circular segment or an
irregular ellipse” (Srejovi¢, Jovanovi¢ 1957), com-
mon in all levels; 2) trapezoidal scrapers that ap-
pear between 9.0 and 8.0 m and disappear around
4.5 m of relative depth.

Following the pioneer study of Srejovi¢ and Jo-
vanovi¢, many researchers were interested in the
questions of the origin and distribution of obsidian
from Vinca-Belo Brdo and other sites in the Central
Balkans and Southern Pannonia (Chapman 1981:
80-81; Mari¢ 2015; Mili¢ 2014; 2016; 2021; Tripkov-
i¢ 2004; Tripkovi¢, Mili¢ 2008; William-Thorpe et
al. 1984; [nmiunh 1968). The provenance of obsid-
ian from Belo Brdo in the Carpathians (Slovakia,
Carpathian 1 source) was confirmed by a chemical
characterisation (Tripkovi¢, Mili¢ 2008 and refer-
ences therein), while the distribution of obsidian
served for inferring possible cultural connections,
trade and exchange models, site hierarchies, etc.
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Despite this general interest in obsidian finds,
the technological aspects of Belo Brdo obsidian
were not extensively studied following the pioneer
study by Srejovi¢ and Jovanovi¢ (1957). Srejovié
made only some sporadic insights about the ob-
sidian, observing “fine, small blades” (Srejovi¢
1981) from this material and suggesting obsidian
was a “precious raw material for the production
of sickles and precise tools” (Cpejosuh 2001).
Although Radovanovi¢ et al. (1984) conducted a
detailed, systematic analysis of different aspects
of lithics from Belo Brdo, the obsidian collection
was not thoroughly studied, as their focus was pri-
marily on chert finds. These authors calculated the
percentages of obsidian (in relation to chert) in
different levels of the site, inferring that it was the
highest between 9.0 and 7.0 m (10.0-9.1 - 20.3%;
9.0-7.0 - 69.5%; 8.0-7.1 - 69.9%; 7.0-6.6 — 5.8%;
6.0-5.0 - not calculated due to a small sample; 5.0-
4.1 - 4.1%). Based on the predominance of blades
(79.5%2) compared to flakes (19.8%) and cores
(0.3%), they suggested that either the blades were
produced outside the settlement and then brought
to the site, or the obsidian was processed in other
areas of the site from the ones that Vasi¢ excavat-
ed. Radovanovié et al. (1984) also noted that all 22
obsidian cores they analysed are microcores (10-
20 mm in length) with pyramidal or chisel-edged
morphology.

M. Mili¢ (2016: 211) has also made certain in-
sights based on the obsidian collection from Belo
Brdo - the entire reduction sequence is present on
Belo Brdo, indicating the on-site exploitation of ob-
sidian cores, “although the cores were occasionally
prepared before they were brought to the site” (pp.
211); obsidian cores have small dimensions (mean
length is 1.7 cm) and a pyramidal shape; blades are
predominant among the debitage types (80%); ob-
sidian blades and bladelets were produced using
pressure flaking (i.e. debitage), indicating a spe-
cialised production (Mili¢ 2016: 223); blades rarely
have use-traces and retouch. Mili¢ also noted that
there are “bullet cores and pressure-flaked blades”
on Belo Brdo and other sites that she referred to as
“important centres for obsidian distribution” (Mili¢
2016: 239).

Thus, despite a long history of research on the
obsidian from Vinéa-Belo Brdo, a detailed techno-

Percentages were calculated from the unnamed
table in the upper part of page 19 of their work.
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logical analysis has not been done on this collec-
tion. During the work on lithic finds from Vasi¢’s
excavations between 1929 and 1934, I analysed
a total of 1,520 obsidian finds curated at the Ar-
chaeological Collection of the University of Bel-
grade. Based on the collected data, this study aims
to explore the technological aspects of obsidian
production on Belo Brdo during the Late Neolith-
ic and contextualise these insights in light of new
data about the site. A large number of finds in this
collection provide a suitable sample for assessing
the production technology and related questions,
such as those regarding the changes in the applied
knapping techniques (e.g., Bogosavljevi¢ Petrovi¢
2015; 2018; Mili¢ 2016; 2021), standardisation and
specialisation (e.g., Bogosavljevi¢ Petrovi¢ 2015;
2018; Kaczanowska, Kozlowski 1990; Perlés 2001;
Vukovi¢ 2011), certain aspects of trade (e.g., cores
vs. nodules vs. blades; e.g., Mili¢ 2016), etc. Another
goal of this study is to determine the value of this
collection, with all of its shortcomings (e.g., Pala-
vestra 2020), for gaining knowledge about the past.

VINCA-BELO BRDO

The site is located on the right bank of the
Danube river, approximately 14 km to the east of
Belgrade (Serbia) and the confluence of the Dan-
ube and Sava rivers. Vinc¢a-Belo Brdo was excavat-
ed in three large campaigns — from 1908 to 1934;
between 1978 and 1986; 1998-ongoing (see Tasi¢
2005; 2011b). The rich stratigraphy of the site con-
tains archaeological remains from the Neolithic to
medieval period, but the majority of deposits are
from the Late Neolithic, and they had a huge im-
pact on the study of this period at both a local and
regional scale. The site was continuously inhabit-
ed during the whole Late Neolithic of the Central
Balkans, for around 800 years (~5300~4500 BC)
(Tasié et al. 2015a; 2015b; 2016). For more infor-
mation about the site, the reader is referred to oth-
er sources (e.g., Tasi¢ 2005; 2011).

1929-1934 excavations (M. Vasic)

As previously mentioned, the obsidian col-
lection in the Archaeological Collection of the
University of Belgrade consists of finds collected
during the excavations conducted between 1929
and 1934. In these campaigns, Vasi¢ excavated
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new trenches P and G (Palavestra 2020). Despite
the existence of the “main axis” during the 1929-
1934 excavations, i.e., a linear reference point in
relation to which Vasi¢ (occasionally) positioned
the excavated material, he did not take many notes
about the spatial (horizontal) distribution of ob-
jects and artifacts (Palavestra 2020), and some
very general and selective information can be
drawn from his journals, publications, and exca-
vation plans (see Palavestra 2020 for an overview).
Thus, the context of finds is largely missing for the
obsidian collection from these excavations. How-
ever, the most recent excavations (1998-ongoing)
have shown that the (small sample of) 14 obsid-
ian finds were found in different areas of the site
(mainly the cultural layer), and there are no indi-
cations of obsidian workshops and other specific
contexts for obsidian finds on Belo Brdo and other
Late Neolithic sites in the region, as on some other
Late Neolithic sites (e.g., Robb 2007: 202-203).

Vasi¢ excavated the site in 10 cm mechanical
levels (strip digging, Palavestra 2020: 98) and me-
ticulously noted the vertical distribution of finds.
The relative depth of objects and features was not-
ed in journals, excavation plans, and on the arti-
facts themselves (see Palavestra 2020). A relative
depth was measured as a vertical distance from
the “zero”, “an absolute reference point” (an elm
on the top of the hill, Palavestra 2020). Although
this arbitrary reference point was a basis for all
measurements of relative depth, it was possibly ex-
cavated and removed in later campaigns (Mapuh
2011). Another issue is that Vasi¢'s “10 cm” me-
chanical levels were sometimes larger, reaching up
to 30 cm (Palavestra 2020). Finally, in attempting
to relate the relative depths of 1929-1934 material
with those from previous campaigns, Vasi¢ added
certain values to the relative depths of the finds ex-
cavated from the P and G trenches (0.5 m, 1.8 m)
(Palavestra 2020).

Based on the evidence provided by Palavestra
(2020), the validity of Vasi¢'s system of measuring
vertical disposition seems questionable. Howev-
er, two strands of evidence show that the relative
depths of Vasi¢ are fairly robust and give a valid
chronological sequence:

1) W. Schier (1996; 2020) was able to recon-
struct the correct chronological ordering of Vasi¢'s
(1929-1934) 10 cm units (levels), by conducting a
frequency seriation (a method of relative dating)
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based on the frequency of ceramic types in dif-
ferent levels of the site. The correct chronological
ordering is expected if the layers are not mixed,
disturbed, or inappropriately excavated. As Schier
(1996: 144) concluded: “the chronological resolu-
tion of Vasi¢'s 10 cm levels is far better than gen-
erally assumed”.

2) In 2015, Tasi¢ and colleagues published the
results of a comprehensive analysis of the absolute
chronology of Vinc¢a-Belo Brdo, based on the ra-
diocarbon dating of samples from Vasic's excava-
tions (Tasi¢ et al. 2015b). In total, 85 radiocarbon
determinations were made on 82 samples, while
a Bayesian framework was applied to establish a
formal chronological model of the site, where
prior knowledge about the stratigraphic position
of samples (age-depth model) and possible reser-
voir effect were incorporated. Despite noting the
presence of a certain number of outliers, Tasi¢ et
al. (2015b: 38) concluded that the “chronological
resolution of Vasic’s 10-cm spits is far clearer than
previously thought”.

Thus, although Vasi¢'s evidence should be
critically re-evaluated when possible, it seems the
relative depths of the material from the Archae-
ological Collection are robust indicators of the
chronological ordering of artifacts. Nevertheless,
“it should be pointed out that the mentioned
demarcations by meters must not be taken too
sharply” (Garasanin 1979: 152).

SAMPLE

A total of 1,520° obsidian finds from the Ar-
chaeological Collection of the University of Bel-
grade were analysed. After excluding 16 finds from
the Early/Middle Neolithic (Starc¢evo culture) and
243 finds without a relative depth, 1,261 obsidian
finds from the Late Neolithic levels of Belo Brdo
are discussed here. Interestingly, the number of
finds reported here differs from the numbers re-
ported in other publications: Srejovi¢, Jovanovi¢
1957 - 1398 with relative depth; Radovanovi¢ et
al. 1984 - 1488 in total; Tripkovi¢ 2004 - 1488 in
total. The reason for these differences in the num-
ber of finds in the collection is unknown to the au-

3 It should be noted that the number of 1,520 ob-
sidian finds discussed here is slightly higher than the num-
ber of obsidian finds that will be published in my doctoral
thesis (1465; https://doi.org/10.17605/OSEIO/JRCID), as
I subsequently analysed an additional 55 obsidian finds
from this collection that were absent during my work on
the thesis.
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thor of this work. Concerning the number of finds
with an identifiable relative depth, some relative
depths possibly became unreadable several de-
cades after the analysis of Srejovi¢ and Jovanovi¢
or Radovanovi¢ and colleagues.

To explore the temporal variability in obsidian
production, the material was classified according
to the commonly used Miloj¢i¢’s periodisation:
Vinca A (9.3 - 8.0 m), Vinc¢a B (8.0 - 6.0 m), Vinca
C (6.0 - 4.0 m), Vinca D (4.0 - 1.3 m). Although
Miloj¢i¢’s Vinca D phase ends at 2.5 m (Tasi¢ et
al. 2015b, Table 8), the material from the younger
Late Neolithic levels (up to 1.3 m) is also included
here for chert/obsidian comparisons (see below)
to assess the entire sample of Late Neolithic finds
(see Tasié et al. 2015b).

METHODS

For reconstructing different aspects of produc-
tion technology, a technological analysis (e.g., An-
drefsky 2005; Inizian et al. 1999; Kooyman 2000;
Pelegrin 2006; 2012; Shea 2013; Tostevin 2012)
was applied to obsidian finds. To better illustrate
certain aspects of obsidian production, a compari-
son was made with chert production on Belo Brdo,
which will be published elsewhere (Radinovi¢, in
preparation). General information was collected
about all obsidian finds - ID, box number, bag/
case number, relative depth, raw material proper-
ties (colour and texture), type of product, (blank
type or flake type), and presence/absence of frag-
mentation. A more detailed attribute analysis was
conducted on obsidian cores and prismatic blades,
as the laminar technology was the main goal of the
knapping process (Bogosavljevi¢ Petrovi¢ 2015;
2018; Mili¢ 2016; Radovanovic et al. 1984; see be-
low). In the case of cores, the following attributes
were recorded - core type (flake/blade core), pat-
tern of removals, core morphology, dimensions
(length of the debitage surface, length and width
of the striking surface) and mass, while for the
blade cores the shape of the debitage surface and
the regularity of removals were also noted.

The assessment of diachronic changes in tech-
nological aspects of obsidian production was
mainly based on the variability of blades, as they
provided sufficient samples for statistical analyses.
For blades, data was collected about taphonomy
(fragmentation, presence of post-depositional sur-
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face modifications and pseudo-retouch), metrics
(mass, maximal length, width, and thickness in
the different parts of blades), morphology (pres-
ence of cortex and back, directionality of remov-
als, number of dorsal negatives, debitage profile
and distal end type, blade regularity), detachment
features (properties of the striking platform, pres-
ence/absence of lip, bulb, bulbar scar, ripples, and
mesial belly), and the characteristics of retouch
(retouch distribution, Clarkson’s index of inva-
siveness; Clarkson 2002). Based on the collected
data, different aspects of production, such as the
knapping method and technique (e.g. Damlien
2015; Inizian et al. 1999; Pelegrin 1990; Sollberger,
Patterson 1976), and maintenance of blades were
assessed.

Additionally, a geometric morphometrics (GMM)
analysis in the form of Elliptic Fourier analysis (EFA)
was utilised on whole unretouched blades for assess-
ing certain aspects of obsidian production that are
related to the choice of knapping technique (Radi-
novi¢, Kajtez 2021). Geometric morphometrics is
a set of tools for quantitatively analysing the shape
of objects (e.g., Slice 2007), while the EFA is the
most commonly used GMM approach for analys-
ing closed contours of objects that vary primarily
in two dimensions (e.g., Caple et al. 2017; Kuhl,
Giardina 1982). For gaining insights into the pos-
sibly utilised knapping techniques, the outlines of
obsidian blades from Belo Brdo were compared
with outlines of experimentally produced chert
blades (Lengyel, Chu 2016; Muller et al. 2017;
Pelegrin 2006; 2012; Serensen 2006; see Radi-
novi¢, Kajtez 2021), as there is still no reference
collection of obsidian blades produced by differ-
ent knapping techniques.

A detailed description of the EFA and the an-
alytical protocol for the analysis of blade outlines
are published elsewhere (Caple et al. 2017; Hog-
gard et al. 2019; Kuhl, Giardina 1982; Radinovic,
Kajtez 2021) and will be only briefly summarised
here. Images of the dorsal sides of blades were ed-
ited and used for digitising the blade outlines. A
.tps file for storing the outline coordinates was cre-
ated using the tpsUtil 1.78 software (Rohlf, 2019),
while the tpsDig 2.31 software (Rohlf 2017) was
used for digitising blade outlines with 200 equi-
distant points. Before proceeding with visualisa-
tions and statistical analyses, the outlines were
normalised using the R programming software (R
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Core Team 2020) and the Momocs v. 1.3.2. package
(Bonhomme et al. 2014), to remove the effect of
size, rotation, and location. The first 20 harmon-
ics, which describe 99.9% of blade outlines, were
retained for assessing and comparing the variabil-
ity of blade outlines. Principal Component Anal-
ysis (PCA; e.g., Shennan 1997: 265-303) was used
for exploring the variability of blade outlines.

All visualisations and statistical analyses pre-
sented in this paper were performed in the R pro-
gramming language (R Core Team 2020), using
the following packages: dplyr v. 1.0.3 (Wickham et
al., 2021), ggplot2 v. 3.3.3, (Wickham 2016), ggpubr
v. 0.4.0 (Kassambara 2020), and Isr v. 0.5.2 (Navar-
ro 2015). Following the principles of open science
(e.g., Marwick 2017), the analytical protocol for
data collection, data, and code for reproducing the
majority of statistical analyses and visualisations
(except chert-obsidian comparisons) are available
at the Open Science Framework (OSF) platform
(https://doi.org/10.17605/OSEIO/FNVPK).

RESULTS AND DISCUSSION

The distribution of obsidian finds according to
relative depths and Miloj¢i¢’s phases is shown in
Fig. 1. The number of obsidian finds is low in the
earliest Late Neolithic levels, notably increases at
around 9.0 m of relative depth, then sharply de-
creases after 7.7 m and remains low before the dis-
appearance of obsidian at 3.8 m (although there
is one find with a relative depth between 3.9 and
3.0 m). The percentage of obsidian in relation to
chert decreases from 47% in Vinc¢a A to 1.6% in
Vinc¢a D (Fig. 2). The percentages of obsidian are
smaller than those reported by Radovanovi¢ et al.
(1984), most probably because these authors did
not analyse the entire chert assemblage from the
Archaeological Collection (Radinovié, in prepa-
ration). However, data from the “third glance”
of Belo Brdo (Tasi¢ 2011; Tasi¢ 2015a) is notably
different regarding the counts and percentages of
obsidian: 1) the percentage of obsidian in relation
to chert is much smaller than 69.9% (Radovanovié¢
etal. 1984: 14) or 47% (Fig. 2) in any of the phases
- it is between 1 and 5% (personal insight into the
collection from deep sounding, Tasi¢ et al. 2016),
as on most of the other sites from the period (see
Mili¢ 2016; Tripkovi¢ 2004 for an overview); 2) the
obsidian does not disappear from Belo Brdo in the
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Fig. 1. The distribution of obsidian finds from Belo brdo according to a) relative depths and b) Miloj¢i¢’s phases.
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Fig. 2. The percentages of chert and obsidian in Miloj¢ics phases.

latest Late Neolithic phase (i.e. after 3.8 m) (Mili¢
2016: 208-209; Tripkovi¢, Mili¢ 2008). These dis-
crepancies are possibly caused by a recovery or
storage bias in the case of Vasi¢’s collection, and
they might have important implications:

1) Lower percentages of obsidian possibly
question the role of Belo Brdo as a trading (Bo-
gosavljevic Petrovic 2015; Chapman 1981: 83)
or redistribution centre (Mili¢ 2016: 66; see also
Mili¢ 2021), “social core” (Mili¢ 2016: 208), sug-
gested settlement hierarchies (e.g., Chapman
1981: 137), and the models of trade and exchange
(e.g., Chapman 1981: 80-81; William Thorpe et al.
1984). Very high percentages of obsidian on Belo
Brdo (and possibly other sites that were excavat-
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ed by early researchers; e.g., Mileker 1938, cited
in Tripkovi¢ 2004) are possibly a consequence of
some kind of bias (e.g., storage) — lower percent-
ages make more sense given the fact that the ob-
sidian trade was generally a small-scale endeavour
(Mili¢ 2016).

2) Based on the presence of obsidian in Vinéa
D, it can be concluded that the cultural connec-
tions with the northern neighbours did not cease
during this period, which is in line with other
research on the distribution of obsidian in the
region — for instance, Selevac (Voytek 1990: 441-
442) and the sites in the Vr$ac area (e.g., Chapman
1981: 80-81) have obsidian in the final Late Neo-
lithic phase.
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From a total of 1,261 finds with a relative depth,
there are 14 cores (1.1%), 1,231 flakes (97.6%), and
16 pieces (1.3%) characterised as waste/undeter-
minable. The percentage of flakes decreases in lat-
er phases, while the percentage of cores increases
through time (Fig. 3). These temporal differences
in the structure of collections are statistically sig-
nificant, as indicated by the Fisher’s exact test (n
= 1261, X-squared = 48.922, df = 6, p < 0.01), but
slight as indicated by a small effect size (Cramer’s
V =0.14). Based on the high number of flakes sen-
su lato (flakes and blades), it has been suggested
that the obsidian blades were not produced on the
site (Radovanovi¢ et al. 1984). However, a high
degree of core exploitation (e.g., Sullivan, Rozen
1985) - for example, Sheets and Muto (1972), pro-
duced 83 blades from a single core - and a high
fragmentation rate might also explain this pattern.
A low percentage of waste/undeterminable pieces
possibly requires an explanation - for instance, it
could be a consequence of collection/preservation
bias (Radovanovi¢ et al. 1984: 55) or very skilful
production.

these negatives do not have sufficient elongation
(length / width > 2) to be considered blades in the
strict sense. As these two cores have very small
dimensions (~10 mm) and mass (< 1 g), they
might represent blade cores in the final phase of
exploitation. All three flake cores have a different
pattern of removals (unidirectional, bidirectional,
and multidirectional), while their shape is conical/
pyramidal in two cases and irregular in one case.
One blade core is fragmented, so it was not pos-
sible to observe all features on this core. Two blade
cores were made on flakes, while for the remain-
ing 7 cores it was not possible to determine their
initial properties. The majority of blade cores are
single-platform (unidirectional; n = 7), apart from
one opposed-platform core and one core with
multiple (more than two) platforms. The shape of
blade cores is predominantly conical/pyramidal
(n = 4), but there are single occurrences of oth-
er core shapes (tabular, bullet-shaped, polyhedral,
plano-convex, and irregular). Debitage surfaces of
blade cores are triangular (n = 3), rectangular (n
=4), semi-oval (n = 1), or irregular (n = 1). Blade
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Fig. 3. Percentages of different types of knapping products in Miloj¢i¢‘s phases.
Cores negatives are moderately regular on 8 cores and

From a total of 13 obsidian cores, there are 10
blade cores and 3 flake cores. However, two out of
the three flake cores have blade-like negatives - re-
current removal of flakes with parallel edges - but

very regular on only one core.

Obsidian cores have small dimensions (their
dimensions are generally around 1 to 2 cm; see
also Mili¢ 2016: 211) and are much lighter than
chert cores (Fig. 4), weighing from 0.2 to 4.5 g.
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Fig. 4. Box-plot diagram comparing the mass of chert and obsidian cores (Radinovi¢ 2022, 50).

The differences in the mass of chert and obsidi-
an cores are statistically significant as indicated by
the Mann-Whitney U test (n = 271, U = 3334.5,
p < 0.01), with a moderate effect size (r = 0.36).
Such a high degree of exploitation of obsidian is
not surprising given the fact that this exotic raw
material probably had some symbolic value for
the Neolithic communities in the area (Tripkovi¢
2003; Tpunkosuh 2001).

Blank production

Of 1,231 flakes sensu lato, 961 (78.1%) are
blades and the remaining 270 (21.9%) are flakes.
The percentage of blades is probably even higher,
as 57 flakes have blade-like features but cannot be
classified as blades with certainty due to fragmen-
tation. Moreover, there are 12 core rejuvenation
flakes that are related to blade production, re-
moved in order to renew the striking or the deb-
itage surface of blade cores. Overall, it is clear that
blade production was the main goal of the knap-
ping process.
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There is only one cortical flake, possibly in-
dicating that the decortification process was not
done within the settlement, while the presence of
only two blades with a cortex suggests a similar
conclusion. However, the presence of two crested
blades and 12 rejuvenation flakes indicates on-site
blade production, so prepared or semi-prepared
laminar cores may have been brought to the set-
tlement where the blade production took place
(Bogosavljevi¢ Petrovi¢ 2015; Mili¢ 2016).

A large percentage (87.6%) of flakes and
blades are either intentionally or unintentional-
ly fragmented. Apart from the intentional frag-
mentation of the prehistoric knappers (e.g., An-
derson-Whymark 2015; Slavinsky et al. 2019),
some blades were probably fragmented by the
excavators of the site — Vasi¢ was rewarding la-
borers that found obsidian during excavations,
so they were intentionally fragmenting obsidian
pieces to get higher wages (Garasanin, Garas-
anin 1953, 26, cited in Palavestra 2020: 79, foot-
note 70). Moreover, obsidian is a highly brittle
material and obsidian pieces are often very thin,
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so many obsidian flakes might have been frag-
mented by different post-depositional factors
(e.g., Burroni 2002).

Blades

There are 41 whole or almost whole blades in
the studied collection, while the remaining blades
represent proximal, medial, and distal fragments
of blades or, rarely, longitudinally fragmented
pieces (Siret fracture) and whole blades with pro-
nounced edge damage. Some blades have breakag-
es that are perpendicular to the flaking axis, which
might indicate intentionality in producing regular
pieces (Fig. 5). Pseudo-retouch is the most com-
mon taphonomic damage, but there are also other
post-depositional traces in the form of edge dam-
age, striations, concussions, etc.

EN e .

The whole obsidian blades are shorter, nar-
rower, thinner, and more standardised than chert
blades (Fig. 6). The length of whole unretouched
obsidian blades ranges from 12.3 to 61 mm, with
a mean of 25.8 mm. The distribution of length of
whole blades is not completely continuous and
shows the existence of a certain number of outliers
(Fig. 7), but there is no clear distinction between
blades and bladelets/microblades (Tixier 1963,
cited in Inizian et al. 1999, 73). The empirical
observation made by Tixier is often uncritically
paralleled to other collections (Inizian et al. 1999,
73), even though he suggested that the distinction
between blades and bladelets should be estab-
lished empirically on a case-by-case basis. There
is a general trend of decrease in length of whole
unretouched blades in younger phases (Table 1),
but the Kruskal-Wallis H test shows no statistical-
ly significant differences between the groups (n =

Fig. 5. A selection of obsidian blades with regular breakages that are often perpendicular to the flaking axis, possibly
indicating intentional fragmentation.
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Fig. 6. Scatter-plots comparing the a) maximal length and width of the medial part and b) maximal length and
thickness of the medial part of whole unretouched chert and obsidian blades.

40, H = 2.62, df = 2, p = 0.27), so sampling effects
cannot be excluded. The length of whole blades
becomes more standardised through time, as indi-
cated by the values of coeflicient of variation (Ta-
ble 1), but the low sample sizes are not sufficient
for making reliable conclusions.

The maximal length of many entirely pre-
served obsidian blades (Fig. 5) is generally larger
than the maximal dimensions of cores (1 to 2 cm),
supporting the conclusion that the obsidian cores
are in the later stages of exploitation (see also
Radovanovi¢ et al. 1984: 20). However, there is a
possibility that the whole unretouched blades are
not a representative sample of originally produced
blades - e.g., Belo Brdo inhabitants might have
intentionally fragmented only the larger blades,
or thinner blades were more prone to breaking.
Although there is a complex relationship between
the dimensions of the striking platform and the

Count

I

Fig. 7. Histogram showing the distribution of maximal
length of whole unretouched obsidian blades.

l—l_l.

Shaimad length
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size of blade blanks, and linear measurements are
not suitable for precisely predicting blade size,
larger striking platforms are generally expected
for larger blades, especially when the punctiform
platforms are excluded (see Muller, Clarkson
2014). This knowledge was used for roughly esti-
mating the relative size of broken blades in com-
parison to entirely preserved blades. Based on the
platform dimensions (Fig. 8), it seems that frag-
mented blades were generally as large as the en-
tirely preserved blades or larger.

As already mentioned when discussing ob-
sidian cores, blades were mainly produced from
unipolar cores. A similar conclusion is reached
by observing blade negatives - they are predomi-
nantly parallel (n = 894), less commonly converg-
ing (n = 52), and very rarely diverging (n = 1) or
multidirectional (n = 3). The Fisher’s exact test
shows no statistically significant differences in the
directionality of removals for blades from differ-
ent phases (n = 950, p = 0.23, Cramer’s V = 0.08),
indicating no changes in the knapping method.
Concerning the platform preparation, predom-
inantly triangular and trapezoidal striking plat-
forms are most commonly (~1/2) smooth (plain)
in all phases, followed by dihedral and damaged
(~1/4), facetted and scarred platforms (~1/20),
while punctiform and intentionally removed plat-
forms are very rare.

One of the most important aspects of blade
production is the choice of a knapping technique
(e.g., (Inizian et al. 1999, p. 30; Pelegrin 1990). It
is commonly acknowledged that there is an over-
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Phase Count Mean (mm) SD (mm) Min (mm) Max (mm) (@Y
Vinca A 24 27.3 2.9 12.3 61 36.4
Vinca B 12 25.0 6.8 16.7 425 27.3
Vinca C 4 20.7 4.2 15.7 255 203

Table 1. Descriptive statistics for the length of whole unretouched blades by Miloj¢i¢s phases.

lap in the features of blades produced by differ-
ent knapping techniques, so the determination is
generally done at the assemblage level rather than
inferring the technique for every individual blade
(e.g., Damlien 2015; Kooyman 2000: 78). Simi-
larly to Pelegrin and Inizian (2013), based on the
presence of different technological stigmata in the
sample, I excluded the knapping techniques that
were unlikely to have been used for producing
the majority of blades. However, as the research
on the question of the knapping techniques was
discussed mainly for chert (but see Pelegrin 2012),
the results should be taken with some caution as
there are probably some differences in the fracture
mechanics of different raw materials (e.g., Dam-
lien 2015). Moreover, multiple factors influence
the observed technological stigmata, such as the
properties of the percussor (e.g., Driscoll, Gar-
cia-Rojas 2014; Lengyel, Chu 2014; Pelcin 1997;
Pelegrin 2006: 45) or skill level (e.g., Herzlinger et
al. 2017), further complicating the recognition of
the knapping techniques.

Many features of obsidian blades from Belo
Brdo - such as the thinness of blade profiles
(mean thickness of the medial part ~ 2 mm) and
striking platforms (mean thickness is 1.9 mm), the
presence of a lip on 25% of blades with a preserved
striking platform, the predominance of diffuse
bulbs - are inconsistent with the application of
direct percussion with a hard hammer (sensu Ini-
zian et al. 1999: 74; Kooyman 2001, 79, Figure 43;
Pelegrin, Inizian 2013). As the striking platforms
are not concentrated, but rather spread/wide (Fig.
8), soft stone direct percussion might also be ex-
cluded (sensu Pelegrin, Inizian 2013). Puncti-
form and thin oval butts that are characteristic
of pressure debitage (see Damlien 2015: 127) are
rare (0.8%). The bulb of percussion is diffuse on
60% of blades, indicating the possible usage of soft
hammer (rather than hard hammer) percussion,
while there is no consensus on the bulb properties
for indirect percussion and pressure blades (see
Kooyman 2000: Figure 43; Pelegrin 2006). The
percentage of blades with a bulbar scar is 53.6%,
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Fig. 8. Scatter plot showing striking platform dimensions for whole and fragmented blades (proximal fragments).
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which is, according to Kooyman (2000: Figure
43), consistent with direct percussion using a soft
hammer - in the case of the indirect or pressure
technique the bulbar scar is rare. However, Table
3 in Damlien (2015; see also Pelegrin 2006: 47)
shows that indirect percussion and pressure deb-
itage can also produce moderately high percentag-
es of blades with a bulbar scar (indirect — 45.6%;
pressure — 58.1%), so these two knapping tech-
niques cannot be excluded based on the frequency
of bulbar scars. A mesial belly, typical of indirect
percussion (e.g., Pelegrin 2006), appears only on
one out of 41 whole blades from Belo Brdo.
Another important aspect for differentiating
between various knapping techniques is regular-
ity — blades produced by indirect percussion and
especially pressure debitage are more regular than
direct percussion blades (e.g., Buchanan et al. 2016;
Inizian et al. 1999; Pelegrin 2006). Mili¢ (2016) has
suggested that obsidian blades in this collection are
very regular and were possibly produced by pres-
sure debitage. According to a subjective measure of
blade regularity that was based on a visual assess-
ment (e.g., Damlien 2015), 5 blades (0.5%) are ir-
regular, 810 blades (85.1%) are moderately regular,
and 137 blades (13.3%) are very regular. Percentag-
es of irregular, moderately regular, and very regular
blades somewhat differ among the phases (Table
2), but Fisher’s exact test has shown that these dif-
ferences are not statistically significant (n = 953, p
= 0.22, Cramer’s V = 0.05). The percentage of very
regular blades is higher than expected for direct
percussion techniques but lower than for indirect
and pressure techniques (Damlien 2015, Table 3).
To assess the issue of blade regularity more for-
mally and explore other aspects of blade shape that
are related to the knapping technique (Radinovi¢,
Kajtez 2021), the Elliptic Fourier Analysis was ap-
plied to the outlines of whole obsidian blades. The
first three principal components, which explain a
total of 94.3% of blade outline variability, are elon-
gation, side-to-side symmetry, and tip-base width

ratio (Fig. 9). Based on the PCA plots (Fig. 9), it
can be concluded that the obsidian blades from
Belo Brdo are most similar to blades produced
using direct percussion. However, certain blades
have features that are not typical for direct percus-
sion — they are somewhat more elongated than the
majority of other obsidian blades from Belo Brdo;
the maximal width of certain blades is located in
the proximal part, which might be indicative of a
pressure debitage (Fig. 9); e.g., Inizian et al. 1999;
Pelegrin 2006; Radinovi¢, Kajtez 2021). Another
indication for the possible use of pressure debitage
for blade production is the presence of a regular
bullet-shaped core (Fig. 10), typical for this knap-
ping technique (e.g., Inizian et al. 1999).

To summarise the insights based on different
morphological and technical stigmata —direct per-
cussion using a hard hammer and probably a soft
stone hammer can be excluded as unlikely; the fea-
tures that are typical for blades produced by indirect
percussion and pressure debitage are not common in
the studied sample; thus, direction percussion using
a soft organic hammer seems to be a predominant
knapping technique for producing the obsidian
blades from the Late Neolithic levels of Vinca-Be-
lo Brdo. However, there are some features of blades
(bullet-shaped core, location of maximal width in
the proximal part, somewhat higher percentage of
very regular blades) that are consistent with the use
of pressure debitage. Thus, this knapping technique
might have been sporadically used for producing
obsidian blades. Pelegrin (2012) defined five modes
of pressure debitage - from the use of a hand-held
pressure tool to the use of a lever — and suggested
that the maximal width of blades is suitable for dis-
tinguishing between them. By comparing the distri-
bution of the maximal width of very regular obsidi-
an blades (0.5 to 0.7 mm) from Belo Brdo with the
maximal width of experimentally produced blades
in Figure 18.12 of his article, it can be concluded that
modes 1, 2, 3, and 4 were possibly utilised by Belo
Brdo inhabitants. However, these blades from Belo

Phase Irregular (%) Moderately regular (%) Very regular (%)
Vinca A 0.5 85.2 14.2
Vin¢a B 0.3 829 16.8
Vinc¢a C 13 924 6.3
Vin¢a D 0.0 100.0 0.0

Table 2. Percentages of irregular, moderately regular, and regular blades in Miloj¢i¢’s phases.
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Fig. 9. Scatter plots of a) PC1 and PC2 and b) PC1 and PC3 showing the main shape differences between the whole
unretouched obsidian blades from Vinc¢a-Belo brdo and blades that were experimentally produced using different
knapping techniques (see Radinovi¢, Kajtez 2021): direct percussion (black), indirect percussion (red), pressure
debitage (blue), Vinca-Belo brdo (purple).

Brdo are not as elongated and regular (symmetrical ~can be fairly easily transmitted by observation and
and standardised) as the blades produced by modes ~ imitation, unlike more complex modes of pressure
3 and 4 (Radinovi¢, Kajtez 2021, Fig. 7), so modes debitage (Pelegrin 2012). Thus, it is questionable if
1 and 2 seem most likely. Although mode 1 and 2 the presence of these modes of pressure debitage is
of pressure debitage require a high skill level, they indicative of craft specialisation (cf. Mili¢ 2016: 223).
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Fig. 10. Bullet-shaped core from Belo brdo site.
Retouch

Only 8 out 0of 270 (3.0%) of flakes are retouched
on a lateral side (sidescrapers), a distal end (end-
scrapers), or an undeterminable side (scrapers) in
the case of fragmented pieces. The percentage of
retouched obsidian blades is also low, as only 70
out of 961 blades (7.3%) are retouched. Clarkson’s
index of invasiveness ranges from 0.03 to 0.41,
with a mean of 0.11, indicating that the blades
were usually only lightly retouched. A small num-
ber of retouched pieces and Clarkson’s index of
invasiveness show an opposing image to that of
cores, where an effort was made to exploit the raw
material as much as possible, which is an intrigu-
ing insight.

CONCLUSIONS

A large collection of obsidian finds from Belo
Brdo, curated at the Archaeological Collection of
the University of Belgrade, has had an important
place in providing knowledge about the Late Neo-
lithic on both a local and regional scale. In this
study, it was shown how the preliminary data from
new excavations of Belo Brdo questions some
long-established facts that were based on this
obsidian collection, such as the disappearance of
obsidian during the Vinc¢a D phase and large per-
centages of obsidian in relation to chert,* as well

4 It should be noted that the obsidian pieces are
very light - the mass of all 916 obsidian blades and cores is
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as the corresponding narratives. Thus, caution is
needed when interpreting the material from this
(and other) old collection(s), and the narratives
that were based on it should be re-evaluated when
possible.

On the other hand, this collection offers a rare
opportunity to explore lithic technology and other
aspects of Late Neolithic societies based on such
a large quantity of finds. The amount of obsidian
that was brought to the site was probably small in
comparison to chert (see footnote 4), but it was
used for producing a large number of small (short,
narrow, and thin) blades. As there are almost no
cortical pieces, while there are pieces from sub-
sequent stages of core reduction (crested blades,
core rejuvenation flakes, flakes, cores and waste),
it seems that the obsidian was imported in the
form of partially prepared cores or decorticated
nodules to Belo Brdo, where the blade production
occurred (see also Bogosavljevi¢ Petrovi¢ 2015: 84,
410; Mili¢ 2021: 570). The very small dimensions
of cores indicate that obsidian was fully exploited
by Belo Brdo inhabitants, probably as they valued
this raw material that originated from a distant
source, although retouch was rarely applied to
prolong the use of flakes and blades or (re)shape
them. The predominant knapping technique for
producing blades seems to be direct percussion
using a soft organic hammer (c¢f. Mili¢ 2016; Mili¢
2021: 573), while the pressure technique might
also have been utilised sporadically. There seem to
be no notable diachronic changes in the choices
of the utilised knapping techniques, as suggested
for the production of chert blades (Bogosavlje-
vi¢-Petrovi¢ 2015; 2018). However, the identifica-
tion of knapping techniques in the archaeological
record “remains as much a delicate matter as an
interesting one” (Pelegrin 2006: 66).

Based on the very high degree of core ex-
ploitation, the production of fairly regular and
standardised blades, and the low incidence of
knapping errors (e.g., crushed platforms, over-
shot blades), it can be concluded that the knap-

between 338 and 436 g (taking into account the precision
of the scales), so all the obsidian pieces could have been
produced from a relatively small amount of raw material.
In contrast, some chert cores from Belo Brdo weigh more
than 100 g (Radinovié, in preparation). Thus, it is ques-
tionable if the commonly used percentages of obsidian/
chert pieces are good indicators of the amount of obsidian
that was brought to the site.



Radinovi¢ - Old collection and new...(81-100)

Archaeology and Science 18 (2022)

pers at Belo Brdo were skilled at producing fine
blades from obsidian cores. The blade production
technology shows no notable diachronic changes
over the course of some six centuries (from 9.3 to
3.8 m, see Tasi¢ et al. 2015b), indicating that the
technological knowledge was faithfully transmit-
ted down the generations. Therefore, the obsidian
production at Belo Brdo might best be explained
by the concept of “skilled production and social
reproduction” (Apel, Knuttson 2006). However,
despite the possible presence of pressure debitage
and the inference about the skilled production at
Belo Brdo, craft specialisation should not be easily
assumed - there are no indications of more com-
plex modes of pressure debitage (modes 3 and
higher; Pelegrin 2012), which require a very high
skill level and a more intimate process of transmis-
sion of knowledge (Pelegrin 2012), nor does the
current contextual data point to the existence of
specialised workshops. Thus, there are no reasons
to suggest that there was a (full-time) specialised
production of obsidian tools, which is in line with
most other evidence regarding artifact produc-
tion in the Late Neolithic of the Central Balkans
(see Amicone et al. 2020; Chapman 1981; 2020;
Greenfield 1991; Kaiser and Voytek 1983; Por¢i¢
2019; Radivojevi¢, Rehren 2016; Spataro 2018; Vi-
tezovié, Antonovi¢ 2020; Vukovi¢ 2011).

Collections of artifacts from old excavations
represent an important part of our cultural heri-
tage, and care should be taken to preserve, docu-
ment, explore, and present these collections. The
results of this study show that, although caution is
needed in generating insights into the past based
on this old collection due to the shortcomings of
Vasiés evidence (see above; Palavestra 2020), it
can be a valuable source for making new infer-
ences about the past.
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REZIME

STARA KOLEKCIJA I NOVI UVIDI:
TEHNOLOSKA ANALIZA
OPSIDIJANSKIH NALAZA 1Z
KASNONEOLITSKIH SLOJEVA
LOKALITETA VINCA-BELO BRDO

KLJUCNE RECI: OPSIDIJAN, VINCA-BELO BRDO,
KASNI NEOLIT, TEHNOLOGIJA, SECIVA, TEHNI-
KA OKRESIVANJA, SPECIJALIZACIJA.

U Arheoloskoj zbirci Filozofskog fakulteta u
Beogradu deponovan je veliki broj nalaza od op-
sidijana, prikupljenih tokom iskopavanja Miloja
Vasic¢a izmedu 1929. i 1934. godine. I pored duge
istorije istrazivanja Belog brda i alatki od okresa-
nog kamena sa ovog lokaliteta, detaljna tehnoloska
analiza ovog materijala do sada nije sprovedena,
ve¢ se uglavnom radilo o veoma opstim uvidima
u ovu kolekciju. U ovoj studiji analizirano je 1261
nalaza od opsidijana iz slojeva kasnog neolita, sa
ciljem da se sintezom rezultata tehnoloske anal-
ize sa novim saznanjima o lokalitetu pruze novi
uvidi o zivotu kasnoneolitskih zajednica na ovim
prostorima. Podaci sa novih iskopavanja Belog

brda (od 1998. godine) pokazali su da je validnost
odredenih aspekata Vasic¢eve kolekcije opsidijana
upitna, verovatno usled odredenih pristrasnosti u
prikupljanju ili skladi$tenju nalaza — veoma visoki
procenti opsidijana u odredenim fazama dovedeni
su u pitanje, s obzirom da je procenat opsidijana u
odnosu na roznac daleko manji kada se posmatra
materijal sa novih iskopavanja; opsidijan ne nesta-
je sa Belo brda tokom finalne faze kasnog neolita
(tj. nakon 3.8 m) kao $to je zaklju¢eno na osnovu
Vasiceve kolekcije, ve¢ je prisutan i nakon toga.
Sa druge strane, veliki broj nalaza u ovoj kolekciji
svakako je omogucio da se steknu odredeni uvidi
u razli¢ite aspekte tehnologije izrade opsidijanskih
alatki. Rezultati su pokazali veoma visok nivo is-
kori$¢enosti jezgara, koja su mahom kori$éena za
proizvodnju ,,finih“ (kratkih, tankih i uskih) se¢i-
va. Tehnoloska analiza ukazala je da je za proiz-
vodnju najveceg broja se¢iva verovatno kori§¢ena
tehnika direktnog okresivanja upotrebom mekog
organskog ¢ekica, dok je tehnika pritiska (modovi
1 i 2) mogla biti kori$¢ena za dobijanje manjeg
broja seciva. Na osnovu razli¢itih tehnoloskih
aspekata zakljuceno je da su se obradom opsidi-
jana bavile veste zanatlije, koje su reprodukovale
svoje znanje, s obzirom da nisu uocene dijahrone
promene u obrascima okresivanja, ali nema naz-
naka da se radilo o specijalizovanoj proizvodnji
opsidijanskih seciva. Moze se zakljuciti da, iako je
potreban oprez pri intepretaciji ove kolekcije op-
sidijanskih nalaza, ona mozZe posluZiti za sticanje
novih uvida o proslosti.

* % ot
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ABSTRACT

The paper presents the basic research principles of the project THE FLOW (Interactions-Transmis-
sion-Transformation: Long-distance connections in the Copper and Bronze Age of the Central Balkans),
which is carried by the Institute of Archaeology in Belgrade, the Institute of Nuclear Sciences “Vinca, and
the Faculty of Philosophy, University of Belgrade. The theoretical and methodological perspectives of the
project research engage an interdisciplinary approach based on analytical techniques incorporated within
archaeology and natural sciences, such as physics and chemistry. The project’s goal is to apply an exact
method to the problems of the origin of raw materials for the production of four specific groups of ob-
jects made of obsidian, pottery, copper, and bronze. Each of those materials represents a unique problem
and requires a specific treatment, presented within this paper, together with the existing practice, analytic
techniques, and methodological procedures for the collected samples. Further, the project incorporates the
collection of absolute dates through AMS and OSL dating, with the application of the latest OxCal 4.4.
calibration. The acquired dates, combined with the disposition of samples and raw materials will serve as
the backbone for the creation of spatio-temporal models and the formation of an SQL database, all with the
goal of creating the interpretative basis for the study of local paleo-economies, long-distance connections,
and social networks in the Central Balkans during the Copper and Bronze Age.
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The phenomena of the so-called imported ob-
jects — artifacts whose characteristics do not match
the geographic region in which they are found, but
rather a neighbouring one, or even a more distant
region, has been recorded on archaeological sites
from various periods and across the globe. This
phenomenon has intrigued several archaeologists,
anthropologists, and other scholars, who have,
with more or less success, attempted and continue
to attempt to explain and interpret it.

Likewise, the aforementioned phenom-
ena have been observed in the Central Balkans,
at archaeological sites from various periods, al-
though its most notable manifestation is con-
nected with those sites correlated with the later
phases of the Early Iron Age (6"-3" century BC).
On those sites, especially in the territories of the
South Morava and Vardar basins, the phenome-
na can often be observed through the appearance
of the so-called Hellenized pottery, identical to
examples from concurrent sites in Greece.? Those
examples are represented by vessels typical of the
classical and Hellenistic style in Greece (sky-
phoi, amphorae, oinochoai, etc.), decorated in
black-figure painting, the so-called Saint Valen-
tin vases,’ and other objects characteristic of the
ancient Greek culture. Interestingly, a similar set-
ting can be observed in the far southwest of pres-
ent-day Serbia, on barely excavated settlements
in the vicinity of Novi Pazar, Sjenica, and Tutin.*
Such an example firmly highlights the tight con-
nections and contacts between the ancient com-
munities of the Central Balkans and their south-
ern neighbours. However, the question arises
whether such pottery in the Central Balkans rep-
resents an “import” from the south, or rather a
transfer of knowledge in pottery production and
decoration between the local communities and
their neighbours, which enabled them to pro-
duce pottery identical to the examples in Greece.
Recent multidisciplinary research and analyses,
which are being increasingly utilised in archae-
ology, have indicated that the presumed “Greek”

2 Muxymurh n JosanoBuh 1968; Alexandrescu
1978; Ilaposuh-Ilemmxan 1992; Popovi¢ 2003;KpcTuh
2005; bynarosuh, @umnosuh n Kanypan 2016; Bpanuh,
2022.

3 Coxonoscka 1986; Tonkova 1997.

4 IMaposuh-Tlemmkan 1992; Ilpemosnh-Anexcuh
1984; Ilpemosuh-Anexcuh 2014; Ljustina 2021.

pottery was made of local clay and most likely in
local workshops.®

The successful collaboration of two disci-
plines, archaeology and materials science, resulted
in the idea that such research could be “pushed”
further to the past, to the Copper and Bronze Age
(5%-2" millennium BC), a time much less known
to archaeology, especially regarding the questions
of social contacts and interactions between popu-
lations that inhabited the Balkan Peninsula.

The ideal archaeological site for the
analyses of pottery composition (provenance
study) was the recently excavated Early Bronze
Age necropolis in the village of Ranutovac near
present-day Vranje (227d-19%h century calBC).®
Interestingly, the stylistic and typological charac-
teristics of the ceramic inventory from the necrop-
olis resembled the pottery production of northern
Greece and Pelagonia (the so-called Armenochori
or Pelagonian cultural group),” rather than that
from the Central Balkans. In order to determine
the origin of such pottery, several different ana-
lytical methods were applied and the provenance
study was conducted in line with the state-of-the-
art archaeometry methodology.® A short overview
of archacometry methods in provenance stud-
ies that led to the results of the aforementioned
study is to be highlighted. The determination of
the origin of archaeological pottery represents an
extremely complex procedure that includes the
research into different levels of similarities be-
tween sherds within an archaeological context,
comparison of the material composition of a se-
lected group of ceramic sherds, comparisons with
the potential source/sources of raw material (clay
pit) in the vicinity of the site, and an examination
into the production technology and other mate-
rials that were utilised during that process (pig-
ments for decoration, tempers, etc.). The process
of determining the origin of ceramic artifacts that
includes all of the aforementioned aspects is called
the provenance study. Besides the archaeological
techniques, such as typological analyses, modern
provenance studies universally include the exam-
ination of material using various instrumental tech-

5 Gaji¢-Kvascev et al. 2014; Gaji¢-Kvascev et al.
2015; Mirkovic et al. 2015.

6 Bulatovi¢ 2020.

7 Garasanin 1983.

8 Gaji¢-Kvascev, Andri¢, Vuksanovié¢ 2020.
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niques. Modern archaecometry successfully applies
both destructive and non-destructive analytical
techniques, sometimes separately and sometimes
complementary, in order to provide the answer to
questions related to the origin of raw materials and/
or the production technology.’ Regardless of the
analytical approach, modern archaeometry studies
include the application of advanced mathematical
techniques for processing the results of the analy-
ses, including the state-of-the-art principles of ma-
chine learning and artificial intelligence."

The aforementioned research concluded
that all of the sampled ceramic vessels from the
necropolis were made of clay from the local clay
pit in Suvi Dol, which is being used by potters
even today.!!

Worthy of mention are petrographic examina-
tions of ceramic inventory from the site of Zlat-
ica in Omoljica and Najeva Ciglana in Pancevo,
both attributed to the Vatin culture of the Middle
Bronze Age. The results of the petrographic anal-
yses have indicated that the pottery workshops
from both of the researched sites prepared lo-
cal clay in a similar, although specific, manner."
The valuable results of those pieces of research
opened new insights and gave birth to new ideas,
which were soon, with a good deal of joint work
and constant “multidisciplinary” consultations,
transformed into a project: THE FLOW - Inter-
actions-Transmission-Transformation: — Long-dis-
tance connections in Copper and Bronze Age of the
Central Balkans, which is financed by the Science
Fund of the Republic of Serbia (from 2022 to 2025,
IDEAS Grant no.7750074), and which incorpo-
rates the joint work of archaeologists, physicists,
and chemists.

The problem of the origin of raw materi-
als within THE FLOW project will be examined
through four case studies: pottery, copper arti-
facts, bronze artifacts, and obsidian artifacts.

The pottery will be analysed using several
different analytical techniques (pEDXREFS-Por-
table Energy Dispersive X-Ray Fluorescence Spec-
trometry, rFTIR- Fourier Transform InfraRed
Spectrometry in reflection mode, and XRD-X-ray

9 Gaji¢-Kvascev 2013; Andri¢iGaji¢-Kvascev 2017.
10 Kvascev, Gaji¢-Kvascev, Durovic¢ 2012.

11 Gaji¢-Kvascev, Andrié¢,Vuksanovi¢ 2020; Gaji¢,
Kvascev, Andri¢ i Bulatovi¢ 2022.

12 Gomez-Gras et al. 2021.

diffraction), and the analyses will be focused on
vessels and fragments of vessels, clay pits in the
vicinity of origin sites, and the soil from the ar-
chaeological features in which the vessels were
recorded. For the first time, THE FLOW project
will apply the elemental analyses of soil to deter-
mine the potential discordances in the stratigra-
phy of the sites. The archaeological sites that will
provide the pottery for the analyses have been
carefully selected and represent well-researched
sites with a finely determined stratigraphy and
absolute chronology, such as Bubanj and Velika
Humska Cuka near Ni§, Ranutovac near Vranje,
Hisar in Leskovac, Svinjaricka Cuka near Lebane
etc.”? Following the collection of ceramic sam-
ples, they will be documented (photographed and
marked). The pottery samples for this case study
will be prepared according to current practice."
Suitable surfaces of samples will be mechanical-
ly scratched, washed, finely polished, rinsed, and
dried. Samples prepared in such a manner are
suitable for non-destructive examination of el-
emental composition using EDXRF spectrome-
try, and the analyses of the presence of chemical
bonds using FTIR spectrometry. Following the
non-destructive examination of samples, they will
be examined using the diffractometry technique
(XRD). This technique will require a small sample
(approximately 1g) from suitable parts of sherds,
which will serve for the examination of crystal-
line structure and the identification of crystal-
line phases in pottery, which should, besides the
chemical composition, indicate the production
technology. All of the instrumental techniques
will be conducted within well-established and at-
tested analytical procedures.'® This will allow fur-
ther mutual comparisons of the results, which will
be treated in several different ways and processed
in a manner that enables their application within
the provenance algorithms. The algorithms to be
applied are unique and have been developed from
the long-term research by the team from the Vinca
Institute of Nuclear Sciences.'® The interpretation
of the acquired results will represent the result of

13 Bulatovi¢ and Milanovi¢ 2020; Bulatovi¢ and
Milanovi¢ 2021; Bulatovi¢ 2020; Stoji¢ 2001.

14 Gaji¢-Kvascev et al. 2018.

15 Gaji¢-Kvascev and Andri¢ 2013; Janci¢-Heine-
mann at el. 2013.

16 Gaji¢-Kvascev et al. 2012.

103



Archaeology and Science 18 (2022)

Bulatovi¢ et al... - The Flow project...(101-112)

the multidisciplinary work of natural sciences re-
searchers and archaeologists.

The second case study is focused on cop-
per objects, the analyses of lead isotopes and other
impurities within the copper, as well as the analy-
ses of copper ores from mines or surface copper
deposits located in those regions that display a
higher concentration of copper artifacts. Such
analyses have so far been conducted on copper
finds from archaeological sites in eastern Serbia,
attributed to the beginning of the Middle Bronze
Age."” This case study is primarily focused on the
Copper Age (Eneolithic), meaning the period be-
tween 4500 and 2500 calBC. However, isotopic
analyses of lead will be conducted on copper from
bronze artifacts as well, as it will be particularly
interesting to compare the origin of copper and
tin from bronze artifacts, for which the origin was
sought beyond the Central Balkans.

The territory of north-eastern Serbia, one
of the largest copper deposits in south-eastern Eu-
rope, bears exact evidence for the earliest copper
extraction in Europe (c. 5000 BC) (Bori¢ 2009,
204)" and, therefore, represents a logical starting
point for research into the origin of copper during
the Copper and Early Bronze Age. From an ar-
chaeological aspect, the territory of north-east-
ern Serbia represents a well-documented region,
especially following the rescue archaeological ex-
cavations within the Iron Gates region during the
second half of the 20" century. Unfortunately, lo-
cations in which mining and metallurgical activi-
ties were most likely conducted have been almost
completely destroyed or at least largely devastated
due to the flow of time and industrialisation. Such
a scenario is understandable since the “hunger”
for metals has always driven metallurgy based
populations to increase production in search of
profit, without preserving the technological tradi-
tions or cultural heritage.

One of the best pieces of evidence for the pro-
duction of metal artifacts, both in the past and
today, are casting moulds, which were based on
examples from the Bulgarian Eneolithic, made
primarily of stone (Tylecot 1992:13) and later of
clay or sand. Within the territory of north-eastern
Serbia, the only moulds originate from the Late

17 Kapuran, Zivkovi¢ and Strbac 2016; Mehofer et
al. 2021.
18 Jovanovi¢ 1982.

Bronze Age and the Early Iron Age." Several ex-
cavation campaigns on the metallurgical sites of
Trnjane, Ruzana, and Coka Njica in the vicinity
of present-day Bor, which bear evidence of cop-
per metallurgy from the beginning of the Middle
Bronze Age, yielded no finds of casting moulds.
This indicates that the prehistoric communities
that exploited the copper deposits of Tilva Ro$ in
the vicinity of present-day Bor during the 2™ mil-
lennium BC engaged solely in the production of
copper ingots, which were subsequently distribut-
ed to other centres, mixed with tin, and further
transformed into bronze. However, the territory
of Timok Valley in north-eastern Serbia yielded
numerous finds of Copper Age shaft-hole axes, of
which some were extremely large.® Also, the lat-
est excavations of Kozija pe¢ina (Goat Cave) near
Rudna Glava, yielded a pit with pottery attribut-
ed to the Silcuta culture, traces of burning, and
fragments of metallic slags and copper particles,
which represent the first solid evidence of copper
metallurgy from the end of the 5™ and the begin-
ning of the 4** millennium BC (All of the relevant
information and insight into finds were provided
by courtesy of our colleague Prof. Dr D. Mihai-
lovi¢, the director of the aforementioned archaeo-
logical excavations).

Hence, the isotopic analyses of lead from cop-
per axes in the territory of Timok Valley could
provide us with exact evidence on the origin of
such artifacts, and determine whether those were
imported or locally produced during the 4t mil-
lennium BC.

The objects planned for those analyses are
mostly Early Eneolithic shaft-hole axes of the
Jasladany type, and chronologically younger
axes of Kozarac, Pddureni, and Pdtulele types
(For questions of function, distribution, and
chronology of such axes refer to Antonovi¢
2014). Similar analyses have been previously
conducted in the territory of Central Europe,
therefore providing a significant database for
the comparison of our results.

The third case study is focused on the
isotopic analyses of tin (Sn'?*) within bronze
(Bronze is an alloy of copper and tin) objects from
the Middle and Late Bronze Age (1900/1800-

19 JesTuh 1982; Jlanosuh 1976.
20 TapamauyH 1954: 51; JoBanosuh, Hukomuh n
JoBunh 2018.
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1100/1000 calBC). This case study is based on the
fact that copper deposits are known throughout
the Central Balkans, while tin deposits, with their
most common ore — cassiterite, are extremely rare.
A decade ago, a higher concentration of bronze
objects was highlighted on necropolises within
western Serbia, in the immediate vicinity of Cer
Mountain - a known source of tin ore cassiterite.?'
Such disposition and high concentration of bronze
objects served as a basis for the formation of the
international and multidisciplinary Jadar project,
which has been ongoing for more than a decade.
The project employs archaeologists, physicists,
geologists, and other related researchers from the
Institute of Archaeology in Belgrade and Brooklyn
College in New York. The collaboration has yield-
ed a significant number of scientific results, based
on both the scientific and experimental methods.*
The project has determined that the Milina River,
which runs from biotite and biotite-amphibole
granodiorites of the Cer Mountain, bears enough
tin (Approximately 80% of tin in cassiterite from
Cer Mountan) for the production of one bronze
pin within several hours of panning.” Further, the
isotopic analyses of tin have determined the ex-
istence of several unique “fingerprints” that sepa-
rate bronze objects from the Balkans into several
groups according to the origin of the tin.** These
remarkable results, published in renowned scien-
tific journals, have inspired us to further explore
it as one of the case studies within THE FLOW
project.

The isotopic analyses of tin will serve for the
comparison of finds that belong to certain and/or
several chronological, regional, or cultural-histor-
ical groups. This portion of the project will not be
addressed solely through one problem, but rather
several smaller case studies, of which some will
combine the questions of the origin of both tin
and copper within the same object, such as axes
of the Pdtulele type, which are certainly attributed
to the Late Bronze Age, or Central European types
of swords with a tang that occur in the Central

21 Muhly 1985; Durman 1997.

22 Bankoff et al. 2013; Huska et al. 2014; Mason et
al. 2016; Bynmarosuh et al. 2017; Powell et al. 2017; Powell
etal. 2019.

23 Huska et al. 2014.
24 Powell et al 2018; Mason et al. 2016; Mason et al.
2020.

Balkans at the end of the Bronze Age and the be-
ginning of the so-called Transitional Period (12th-
11t century BC).” Some of the Central European
types, such as Stitzling, Moskjanci, Novigrad, and
Marina, occur solely within the confluence zone of
the Great Morava,” while their origin varies from
northern Italy to the upper course of the Tisa river.
The reason for such an occurrence of uncommon
types of weapons far from the source territories
has not been determined so far, especially con-
sidering that there is no “visible pattern” in their
distribution, which is the case with swords of the
Reutlingen type and flame-shaped spears. Anoth-
er interesting question arises regarding the origin
of slightly earlier Mycenaean types of swords, ar-
rows, daggers, etc. Namely, it remains unknown
whether such objects represent Aegean imports
from the second half of the 2nd millennium BC or
products/imitations from workshops within the
hinterland of the Balkans.?”” Specific, and uncom-
mon types for the Balkan Danube region are also
two bronze cauldrons with double cross-shaped
staples, which are connected with Central Europe
and the Upper Danube region.?®

In addition to the aforementioned, a particu-
lar focus will be placed on the origin of metals in
several horizons of hoards in the Central Balkans,
since those represent a Late Bronze Age phenom-
enon of the Central Balkans that originates from
Central Europe. Hence, it is important to prove-
nance copper and tin from hoards, and partially
resolve the century-old question of their origin. Fi-
nally, one of the studies will be focused on bronze
jewellery, since certain forms represent local tra-
dition, while other forms suddenly occur without
previous utilisation within local populations. The
isotopic determination of the metal source could
provide a peculiar relationship with a long-lasting
utilisation of certain types of jewellery, and vice
versa.

The final case study will be focused on the ori-
gin of obsidian artifacts from Copper and Bronze
Age sites in the Central Balkans. In contrast to
studies conducted for the obsidian finds from the
Late Neolithic in the Central Balkans, primar-
ily linked to the evidence from the Vinca site of

25 ®umnnosuh 2015; Bulatovi¢ and Filipovic¢ 2017.
26 Filipovi¢ and Mladenovi¢ 2019.

27 IMaposuh-Tlemukan 1995.

28 Jacanovi¢ 1995.
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Belo Brdo, which were analysed in the scope of
techno-typological and geochemical attribution,?
chipped stones made of this raw material are not
only rare in the later contexts but are still greatly
lacking detailed analyses and contextualization.
THE FLOW project, therefore, aims to address
obsidian artifacts from the Copper and Bronze
Age in its area of focus, bearing in mind their ex-
otic origin (with the closest outcrops of obsidian
being situated in the Carpathians, to the north,
and in the Aegean islands in the south of the study
area) and their distribution at a time when metals
took the central role for the production of tools
in prehistoric communities. Small collections de-
riving from the latest fieldwork or already partial-
ly recorded by colleagues (e.g., J. Sari¢) studying
the procurement, manufacture, and consumption
strategies of lithics at major sites will be expanded
with a new programme looking at the provenance,
production, and function. Newly excavated or
dated strata from Velika Humska Cuka, Bubanj,
and Kaleni¢ Livade will be used together with
distinct museum collections in order to examine
the role of imported objects in a range of domestic
activities and their relationship in the production
of local versus exotic raw materials, as well as to
look at the reasons behind importing such objects
into the local communities. Finally, the attempts
of the long-distance exchange network recon-
struction will benefit from the collaboration with
the project partner M. Mili¢ and the employment
of pXRF analyses, to directly investigate obsidian
provenance based on the study of trace elements
like in previous studies.*

Results of all of the analyses from the presented
case studies will be minutely analysed and mutu-
ally compared, both within these case studies and
with the existing case studies. This step of the proj-
ect will employ the spatiotemporal models, which
serve to model absolute dates of sampled objects
and the disposition of raw materials acquired
through conducted analyses. This step requires the
dating of all of the samples and/or archaeological
features from which the samples originate. There-
fore, THE FLOW project will acquire 30 AMS ab-
solute dates (Accelerator Mass Spectrometry), and
14 OSL absolute dates (Optically Stimulated Lumi-

29 Tripkovi¢ 2004; Bogosavljevi¢-Petrovi¢ 2015;
Tripkovi¢ and Mili¢ 2008.
30 Mili¢ 2014.

nescence) for pottery samples that do not originate
from reliable archaeological features. Following
the latest OxCal 4.4. calibration, the dates will
undergo Bayesian modelling, and the locations of
sampled objects will be georeferenced in GIS.*!

The existing narratives and interpretations,
and the fresh data acquired from THE FLOW
project, including absolute dates, various analyses,
georeferencing, etc., will allow the formation of an
SQL (Structured Query Language) database, which
enables operations between various relationships
of the input data.

Such a research method will enable certain
theoretical frameworks, as well as archaeological/
anthropological concepts/models regarding the
long-distance connections and social networks
of the Central Balkans during the Copper and
Bronze Ages.

During the entire course of the project, results
will be presented on different scopes, from local
educational workshops and scientific institutions
to renowned international journals, which is, in
fact, one of the main goals of the project.
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XenmeHusanyja y HOBOM Kibydy, Ilorpomma rpuxe
¢bupHICOBaHe KepaMuKe, ‘yMpeXxaBarbe U KYITyp-
He npomeHe Ha Kpmepuim V-III Bex mpe HOBe epe.
(Vrani¢, I. 2022 Helenizacija u novom kljucu, Potro$nja
grcke firnisovane keramike, “umrezavanje” i kulturne
promene na Krsevici V-III vek pre nove ere).
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REZIME

THE FLOW PROJEKAT - PRILOG
STUDIJI KULTURNIH KONTAKATA
POPULACIJA CENTRALNOG
BALKANA I SUSEDNIH OBLASTI U
POZNIJOJ PRAISTORIJI

KLJUCNE RECI: STUDIJA SLUCAJA, PO-
REKLO SIROVINA, OPSIDIJAN, KERAMI-
KA, BAKAR, BRONZA, APSOLUTNO DA-
TOVANJE, SPATIAL-TEMPORAL MODEL,
SQL BAZA PODATAKA.

Rad prezentuje osnovne istrazivacke smernice
projekta THE FLOW (Interactions-Transmis-
sion-Transformation: Long-distance connections
in Copper and Bronze Age of the Central Bal-
kans), koji sprovode Arheoloski institut, Beograd,
Institut za nuklearne nauke “Vinéa” i Filozofski
fakultet, Univerziteta u Beogradu. Teorijske i met-
odoloske perspektive istrazivanja podrazumeva-
ju multidisciplinarni pristup zasnovan na anal-
itickim tehnikama koje nude arheologiji prirodne
nauke poput fizike i hemije. Cilj projekta je da se
egzaktno pristupi problematici porekla sirovina za
izradu predmeta kori$¢enih u praistoriji, koji ¢e se
odvijati kroz studije slu¢aja usmerene na nalaze iz-
radene od Cetiri vrste materijala: keramike, bakra,
bronze i opsidijana. Svaki od navedenih materijala
zahteva posebno tretiranje pa je u radu izlozena
osnovna istrazivacka problematika, dosadasnje
prakse, analiticke tehnike i metodoloske proce-
dure u ispitivanju prikupljenih uzoraka.

Analize vezane za poreklo sirovina u proiz-
vodnji keramickih predmeta podrazumevaju
nedestruktivna ispitivanja elementnog sastava
EDXRF spektrometrijskom tehnikom, kao i anal-
izu prisutnih hemijskih veza kori$¢enjem rFTIR
spektrometrije, nakon cega ¢e uzorci biti tretira-
ni difraktometrijskom tehnikom (XRD), kako bi
se ispitale kristalne strukture i faze u keramici,
$to pored hemijskog sastava treba da ukaze i na
tehnologiju izrade. Sledeca studija sluc¢aja podra-
zumeva analizu predmeta od bakra, ta¢nije anal-
izu izotopa olova i drugih necisto¢a u bakru, $to
ukljucuje i komparativnu analizu sa rudom bakra
iz rudnika ili povrsinskih kopova koji se nalaze u
blizini regiona sa konstatovanom koncentracijom

bakarnih predmeta, medu kojima se u prvom redu
izdvajaju sekire tipa Jasladany, Kozarac, Padure-
ni i dr. Treca studija slu¢aja odnosi se na analizu
izotopa kalaja (Sn'**) u predmetima od bronze na
osnovu koje ¢e biti izvrSeno uporedivanje nalaza
iz dobro definisanih hronoloskih, regionalnih ili
kulturno-istorijskih celina, $to se posebno odnosi
na Rojtlingen, Stacling, Mogkjanci, Novigrad, Ma-
rina i Mikenske tipove maceva, kao i sekire tipa
Patulele i bronzana koplja plamenastog lista. Pris-
ustvo predmeta od opsidijana retko je analizirano
u kulturama bakarnog i bronzanog doba, iako je
iz ranijih studija poznato da oni uvek predstavlja-
ju import, s obzirom da se njihova najbliza leZista
nalaze na Karpatima i egejskim ostrvima, tako da
¢e akcenat biti stavljen na rekonstrukciju mreza
razmene putem pXRF analiza na predmetima iz
muzejskih zbirki i novotkrivenih nalaza iz pou-
zdano datovanih celina.

Pored ovih analiza projektom je predvideno
dobijanje apsolutnih datuma za celine iz kojih
poti¢u uzorci, putem AMS i OSL tehnike datovan-
ja uz kori$¢enje najnovije OxCal 4.4. kalibracije
datuma. Dobijeni datumi uz precizno odredenu
dispoziciju uzorka i sirovina bi¢e upotrebljeni za
stvaranje spatial-temporal modela i formiranje
SQL baze podataka koje ¢e rezultirati stvaranjem
interpretativnih osnova u proucavanju lokalnih
paleoekonomija, long-distance veza i socijalnih
mreza kod populacija na centralnom Balkanu to-
kom bakarnog i bronzanog doba.

* % ot

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
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i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
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nd/3.0/rs/.

111



Archaeology and Science 18 (2022) Bulatovic¢ et al... - The Flow project...(101-112)

112



Dilaria, Secco - Mortar recipies throught the ages...(113-126) Archaeology and Science 18 (2022)

SIMONE DILARIA

University of Padua - Department of Cultural
Heritage (DBC), Inter-Departmental Research
Center for the Study of Cement Materials and
Hydraulic Binders (CIRCe), Padua, Italy
E-mail: simone.dilaria@unipd.it

Received: October 16th 2022

Accepted: November 15t 2022

Original research article

UDC: 903/904:666.971763/652”
https://doi.org/10.18485/arhe_apn.2022.18.9

MICHELE SECCO

University of Padua - Department of Cultural
Heritage (DBC); Inter-Departmental Research
Centre for the Study of Cement Materials and
Hydraulic Binders (CIRCe), Padua, Italy

MORTAR RECIPES THROUGH THE AGES.
A BRIEF REVIEW OF DATA FROM PREHISTORY TO LATE ANTIQUITY

ABSTRACT

Mortars, composite materials used to bind together masonry elements and to seal and waterproof ar-
chitectural surfaces, have been employed by human populations for sheltering purposes since the beginning
of technological evolution of mankind, constituting the first attested products of pyrotechnology since the
Neolithic period. Over times, selection of raw materials and optimization of recipes and mixing procedures
allowed to diversify and optimize their properties, in order to meet the most sophisticated demands of hu-
man cultures. In this contribution, a brief excursus of the evolution of mortar technology from the Palaeo-
lithic to the late Roman times is reported, with a particular focus on the selection of functional compounds
to push some specific properties of these binding composites within differentiated human societies.

KEYWORDS: ANCIENT MORTARS, LIME, CLAY, GYPSUM, POZZOLANIC AGGREGATES, OPUS

CAEMENTICIUM, COCCIOPESTO, NATURAL HYDRAULIC LIME

INTRODUCTION

Mortars are man-made lithoid building mate-
rials composed of a combination of inorganic and
sometimes organic elements. Two components are
necessary for the production of a mortar, namely
the binder and the aggregates.

Binders are materials that, when mixed with
water, form plastic blends that harden to a solid
compound after a certain timeframe. The main
binders employed in antiquity are clay, gypsum
and, in particular, lime.

Aggregates are all those natural or artificial
materials constituting the volumetrically domi-
nant skeleton of the mortars, bound together by
binder reaction, and preventing the formation

of fractures in the compound after the complete
evaporation of water.

Mortars produced in antiquity were not stan-
dardised. The physical (porosity, permeability, hy-
draulicity, etc.) and mechanical (tensile strength,
toughness) properties of ancient mortars can
vary on the basis of the selection and mixing of
the components. Different compositions are in-
fluenced by the local availability of raw materials,
mixing techniques and the different context of
use (i.e. wall joints, foundations, flooring). In this
paper, a brief review of the evolution of mortars’
making techniques and selection of raw materials
from the Palaeolithic to the late Roman times will
be presented.
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Fig. 1. Palatial Knossos (Crete), wall-paintings (partially restored) (Dilaria in press).

PRE AND PROTOHISTORY

The oldest binder used in antiquity is clay. The
earliest cases date back to the Palaeolithic period,
with several evidence from African sites. During
the Neolithic period, in Mesopotamia, Persia
and Anatolia, clay-based mortars developed and
were intensively applied for the lining of walls and
floors. This kind of mortar was also used as a mild
waterproofing agent for wooden roofs and some-
times as a binder for wall joints (Artioli, Secco,
Addis 2019; Hobbs, Siddall 2011). Several exam-
ples come from the site of Catal Hoyiik in Anatolia
(Hodder 2006).

The earliest evidence of production of lime-
based mortars come from the site of Hayonim in
Israel, dated to the 11th millennium BC (Kingery,
Vandiver, Prickett 1988). Later evidence are attest-
ed in other sites in the Near and Middle East dat-
ed to the 8th to 7th millennium BC. In these con-
texts, mortars were primarily used as revetments
of floors and walls (Kingery, Vandiver, Prickett
1988).

In a period chronologically akin to the Near-Mid-
dle Eastern cases, lime-making technology devel-
oped in the Danubian area, as demonstrated by the
findings at the Neolithic (or perhaps even Mesolith-
ic) site of Lepenski Vir in Serbia (Srejovi¢ 1972). It
is unclear, however, whether this evidence should
be regarded as a fortuitous and isolated experience,
completely unrelated to eastern examples. However,
simple lime-based mortars identified in some Neo-
lithic sites in Thrace and in the GreeK’s Ionian islands
(Kefalonia) (Wright 2005) suggest some type of
transmission of the technology from the Levantine
area to the Danubian-Balkan territories.

It has also been observed that as early as the
Aceramic Neolithic period, the production of hy-
draulic mortars may have been experimented for
the first time. At Asikli Hoyiik in Anatolia (Haupt-
mann, Yalcin 2001), some rudimentary hydraulic
mortars were obtained by mixing aerial lime with
reactive volcanic tuffs and vegetable ash. However,
the case appears isolated so far and probably ac-
cidental, as the first mixtures displaying the same
properties spread in the Mediterranean several
millennia later.
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Fig. 2. Plastered water-tank from ancient Paleros, Acarnania, Greece (5™ century BC) (Dilaria in press).

Regarding Egypt, it is generally believed that
the use of lime binders was unknown, or ex-
tremely limited. A prototype of limestone-based
concrete has been found in the pyramids at Giza
(Barsoum, Ganguly, Hug 2006). In this territo-
ry, until the Ptolemaic period, the production of
gypsum-based mortars primarily developed (i.e.
Hemeda, Sonbol 2020). Thanks to the local avail-
ability and ease of firing of evaporitic stones (~200
°C), gypsum binders got a wide utilization in this
territory, mainly as renders, at least since the Pre-
dynastic period (c. 5000-3150 BC), or even earlier.
Other protohistoric evidence of the production of
gypsum-based mortars come from the island of
Cyprus (Philokyprou 2019).

During the Bronze Age, lime-based binders
started being ordinarily employed by the Aege-
an societies. Several evidence come from all the
major palatial sites in Crete, where these mortars
were primarily used for the revetment of floors
or walls. Wall plasters were then often painted in
wall-paintings (Fig. 1) (Jones 2005). On the other
hand, the use of mortars as structural elements is
lacking.

From these periods the first “pozzolanic” mor-
tars, started being systematically produced. The
pozzolanic reactivity in a mortar-based material
occurs when some aggregates chemically interact
with the calcium hydroxide Ca(OH)? namely the
“slaked lime” (portlandite) in a liquid solution.
The chemical nature and mineralogical structure
of the reaction products depend primarily on the
content of free silica and aluminum from the ag-
gregate that entered into reaction with the lime
(Dilaria et al. 2022a). Some pozzolanic mortars,
obtained by mixing aerial lime with terracotta
fragments, are attested in some sites from Cyprus
dated to the Late Bronze Age (late 2™ millennium
BC) (Theodoridou, Ioannou, Philokyprou 2013).

CLASSICAL AND HELLENISTIC AGE

From the Minoans, the pyrotechnology for the
production of lime binders was transferred to the
Mycenaean culture and, in historical times, en-
dorsed by the Greek societies. In these periods,
mortars continued being primarily used for the
revetment of hydraulic infrastructures (Fig. 2) or
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Fig. 3. Mortar bedding of a Hellenistic mosaic in Pella (4*
century BC) (photo by Simone Dilaria).

for the production of floor surfaces and floor bed-
dings (Fig. 3). The first waterproofing pozzolanic
mortars produced by adding pyroclastic rocks to
lime-based mortars are dated to the Late Clas-
sic and Hellenistic Age and were primarily used
for the revetment of hydraulic infrastructures.
Among the earliest cases, dating to the 4th-3rd
c. BC, there are the (revetment?) concretes of the
cisterns at Kamiros in Rhodes, analysed in the
late 1890s (Koui, Ftikos 1998). However, this case
needs further analytical in-depth study in light
of the advancement in this field of research. Oth-
er analyses have detected reactive tuff fragments
in the mortar renders of a cistern in Pergamum
(Brinker, Garbrecht 2007, 100), while fractured
and possibly fired pumices and reactive flints were
recently documented in the revetments of some
hydraulic infrastructures and floor beddings in
Corinth, dated between the Classical and the Hel-
lenistic Ages (Siddall 2019) as well as in many Hel-
lenistic sites in ancient Macedonia (Pachta et al.
2014, 847; Stefanidou, Pachta 2015). In certain oc-
casions, volcanic pozzolans were documented also

in floor bedding mortars. For example, they were
detected in the preparation layers of some pebble
mosaics in the Palace of Aigai and in the houses
of Pella too (Papayianni, Patcha 2008; Pachta, Ste-
fanidou 2018).

It is not clear if the Greeks were actually the first
to use purposely volcanic pozzolans in mortars. By
the analysis of some water tanks’ revetments in the
Punic Pantelleria and Carthage, dated to the 4™ and
34 centuries BC, volcanic pozzolans were observed.
According to the hypotheses formulated by the
scholars (Schon et al. 2012; Schon 2014, 203-212),
volcanic pozzolans in the mortars of Carthage were
not locally sourced but were probably imported
from Pantelleria. This outcome might testimony one
amongst the first trans-regional trades of volcanic
pozzolans before the Roman Era (Secco et al. 2020,
78-79; Bonetto, Dilaria 2021).

Moreover, in the Phoenician and Punic cul-
tures, from the Levantine area to the territories of
North Africa, including Sardinia, Southern Spain
and Sicily, hydraulic mortars for cisterns’ water-
proofing were produced by adding plant and an-
imal ashes to lime-based binders (Lancaster 2015,
201; 2019, 35-38). In these regions, this construc-
tive tradition was maintained also during the Ro-
man period, as attested in Nora in Sardinia (Fig. 4)
(Secco et al. 2020, Bonetto, Dilaria 2021).

Concluding with the pre-Roman evidence of
pozzolanic aggregates, the unusual employ of re-
active slags (litharge, iron/manganese) in lime-
based mortars was documented in the cisterns’
renders of the Laurion in Attica, chronologically
framed to the 4th century BC (Papadimitriou,
Kordatos 1995).

THE ROMAN ERA AND LATE
ANTIQUITY

The spread of the Latin culture in the Mediterra-
nean led to a broader use of mortar-based materials
that, differently from the previous times, were not
uniquely employed as renders. From the 3rd cen-
tury BC or, more likely, during the 2nd century BC,
lime-based mortars began to be used by Roman
builders as a structural material for the creation
of thick wall cores and foundational casts of mon-
umental buildings. The rapid expansion of Rome
in the Mediterranean, along with the deduction
of new colonies, greatly influenced this change. In
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Fig. 4. (left) Ash and charcoal enriched mortar in a Roman cistern from Nora (Sardinia); (right) Cross-section of a
sample of an organic ash-rich sample from a cistern render of Nora (photos by Simone Dilaria).

fact, the need for realizing rapidly new cost-efficient
buildings that emulate the magnificence of the full-
body Greek monumental architecture represented
the essential ground for the spread, from the Mid-
dle Republican Age onwards, of the opus caemen-
ticium (mortar-based structure), a solid, versatile,
easy-to-produce and low-cost building material
(Fig. 5) (Mogetta 2015; 2021).

The development of the opus caementicium
was complemented by an extensive use of volcanic
pozzolans in the mortars. Vitruvius celebrated the

properties of the pulvis puteolana, a particular vol-
canic dust, quarried in the localities between Baia
and Pozzuoli in Phlegraean Fields and the Vesuvi-
us, that was recommended for the making of hy-
draulic concretes of maritime piers (Fig. 6) (Vitr.
2.6.1-2;5.12.2; Plin. nat. 35.166). This material ob-
tained a broad commercialization in the Empire
from the Imperial Age onwards, being extensively
used in the making of the opus caementicium piers
of the main Roman harbours in the Mediterra-
nean (Brandon et al. 2014; Marra et al. 2016a; Sec-

Fig. 5. Opus caementicium foundation of the Hadrian Mausoleum in Rome (today’s Castel SantAngelo) in Rome
(mid 2™ century AD) (Dilaria in press).
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Fig. 6. Volcanic tuffaceous outcrop in Baia (Phlegraean Fields) (Dilaria in press)

co et al. 2022). The pulvis puteolana was also used
for the construction of overground buildings, not
only in the territory around the gulf of Naples
(Miriello et al. 2010; De Luca et al. 2015; Pater-
noster et al. 2007; Sossio Fabio et al. 2018; Rispoli
et al. 2019a; 2019b ), but also in far regions, as re-
cent researches are indicating for Sardinia (Nora)
(Fig. 7) and Northern Italy (Aquileia) (Fig. 8). In
Nora, in fact, the pyroclastic aggregates, probably
imported from the gulf of Naples, were extensively
used in the 2 and 3 c. AD in masonry construc-

Fig. 7 - Volcanic pozzolans (mainly pumices and fragmented
tuffs), probably from the Gulf of Naples, in the bedding of
the parietal opus sectile of the Temple of Aesculapius in Nora
(34 century AD) (Dilaria in press).

tion (Ongoing research by S. Dilaria, ]. Bonetto, C.
Previato and M. Secco) and revetments (Dilaria,
Marinello, Zara 2022; Bonetto Dilaria 2021). In
Aquileia, this aggregate was detected in the opus
caementicium vaults of the Late Antique Baths
(Dilaria et al. 2022b; Dilaria in press) and in the
bedding layers of the orchestra of the theatre (on-
going research by S. Dilaria, A.R.Ghiotto, ].Bonet-
to, M. Secco).

In their treaties, Latin authors mentioned also
other volcanic pozzolans having properties simi-
lar to the pulvis puteolana. Vitruvius described the
harenae fossiciae as red (rubra), black (nigra) and
light brown (cana) quarry sands (Vitr. 2.4.1; cited
by Plin. nat. 36.175; Fav. 8.1; Pall. 1.10.1) to be used
to obtain particularly tough and durable mortars
(Lancaster 2021). The harenae fossiciae were iden-
tified by the scholars in the cinerites of the Middle
Pleistocene eruptions of the Colli Albani, in the
facies of the so-called Pozzolane Rosse, Pozzolane
Nere and Pozzolanelle (Jackson et al. 2007; 2010;
Lancaster 2019), although some scholars do not
completely agree on this point (D’Ambrosio et al.
2015).

Vitruvius finally mentions the carbunculus,
probably corresponding to the blackish scoria-
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Fig. 8. (left) Cross-section of a sample of volcanic pozzolan enriched mortar from the bedding of the orchestra of the
Roman theatre of Aquileia (beginning of 1** century AD); (right) micrograph of transmitted light of pumice aggregates
in the mortars of the floor bedding of the orchestra of the Roman theatre of Aquileia (parallel nicols) (Dilaria in press).

Fig. 9. (left) Cross-section of a mortar sample enriched with volcanic pozzolan from the Euganean hills from the
masonry structures of the theatre of Montegrotto; (right) micrograph of transmitted light (parallel nicols) of reacted
volcanic aggregates (breccias) (photos by Simone Dilaria).

ceous deposits of the Sabatini Mountains in an-
cient Etruria (nowadays corresponding to the
Northern Latium). The harenae fossiciae were
extensively exploited since the Middle-Late Re-
publican age to produce mortar-based materials
in Rome (Jackson et al. 2011; Marra et al. 2016b;
Seymour et al 2021; Schmolder-Veit et al. 2016;
Boccalon et al. 2019) and in the sites around the
city (Murgatroyd 2016; Botticelli et al. 2021; Bou-
larand, Turci, Bromblet 2022), but, unlike the pul-
vis puteolana, apparently did not obtained a broad
distribution out of the territories where they were
locally available.

However, the trading of volcanic pozzolans did
not involve only the Campanian ones. Recent anal-
yses of sand ballasts from the Wreck B of Pisa (1st
century CE) have detected pyroclastic pozzolans
whose geochemical fingerprint is compatible with
the products of Vulsinii volcanic outcrop (north-

ern Latium) (Marra, D’Ambrosio 2013). Pozzolans
from these outcrops were detected in the mortars
of Vulci and Vulsinii in Etruria (D’Ambrosio et al.
2015).

In the provinces of the Empire, in certain occa-
sions, local builders and engineers experimented
volcanic materials in mortars having properties
resembling the traditional central-Italian poz-
zolans. These “alternative” pozzolans were locally
sourced and their distribution probably remained
mainly intra-regional. These include the so-called
Rhineland Trass, a particular tuff attested in the
mortars of some Roman buildings in Cologne
(ancient Colonia Ulpia Traiana) (Lamprecht 1984,
46-49; Wang, Althaus 1994); tuffs from Turkish
volcanic outcrops were exploited for the pro-
duction of mortars employed in some centres of
Asia Minor, such as Sagalassos (Callebaut et al.
2000; Degryse, Elsen, Waelkens 2002), Nysa and
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Fig. 10. (right) Cocciopesto wall joints (foundation) from the Palace of Galerius (left) in Thessaloniki (late 3 century-
early 4" century AD) (Dilaria in press).

Fig. 11. (left) Cross-section of a sample from the concrete foundation of the Republican Walls of Aquileia (beginning
of 2nd century BC); (right) micrograph of transmitted light optical microscopy (crossed nicol) of a lump of the natural
hydraulic lime from the concrete sample (Dilaria in press).

Aigai (Ugurlu Sagin, Engin Duran, Béke 2021)
and Pergamum (Ozkaya, Boke 2009); the use of
obsidian and perlites in the structural mortars of
the Roman theatre of Nora in Sardinia (Columbu,
Garau, Luglie 2019), with a geochemical charac-
teristics compatible with Monte Arci (southwest-
ern Sardinia), represents another isolated case of
exploitation of local alternative pozzolans. Simi-
larly, some latitic and rhyolitic breccias from the
Euganean Hills (northeastern Italy), on which the
research is still in progress under the coordination
of Michele Secco, were used in the opus caementi-
cium foundations of the theater and amphitheater
of the Roman Patavium as well as in several sites

in the hinterland (preliminary report in Bonetto et
al. 2021, 54-59). For example, the presence of Eu-
ganean breccias was recently found in the mortars
of some Roman public buildings of Montegrotto
(PD), the ancient Fons Aponi (Fig. 9). Ongoing
research are targeted to the compositional charac-
terization and definition of the exact provenance
of these local volcanic pozzolans. Other evidence
of “alterative” volcanic pozzolans are unfortu-
nately based only on archaeological observations
(Bonetto et al. 2019, 464-465; Lancaster 2015, 26-
27 with additional data reported in WebCat. 2-C
contained online at www.cambridge.org/vault-

ing).
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In Roman times the manufacturing of hydrau-
lic and water-resistant mortars did not involve
volcanic pozzolans only. In this period, the use
of cocciopesto mortars, produced by mixing finely
ground terracotta fragments with lime, continued
and massified. These mortars were used not only
as hydraulic revetments but also for wall joints, in
particular from Late antiquity onwards (Fig. 10).
Reactive diatoms as pozzolanic material were also
mentioned by some scholars (Pecchioni, Fratini,
Cantisani 2014, 36). In Magdalengsberg (ancient
Noricum), reacted iron slags were documented
in lime-based Celtic-Roman (Bottger, Thiedig,
Knofel 2002).

Finally, prototypes of “natural hydraulic lime” in
Roman times obtained by the calcination of impure
limestones, i.e. marls, (Bonazza et al. 2013 ; Lezzer-
ini et al. 2017; La Russa et al. 2015; Izzo et al. 2018;
Nikoli¢, Rogi¢ 2018;) or cherty limestones and brec-
cias, containing microcrystalline silica (Cantisani
et al. 2002; Drdacky et al. 2013), were documented
in several circumstances, as recently observed in
the concrete foundations of the Republican Walls
of Aquileia (Fig. 11) (Dilaria et al. 2019; Dilaria
in press; Bonetto in press). Besides the traditional
pozzolanic mortars (i.e. cocciopesto, volcanic ash
and organic ash rich mortars), it is unclear whether
the production of natural hydraulic limes was pur-
sued by ancient crafts or rather depended on the
type of limestone suitable for calcination available
in the proximity of the site of employment. In fact,
the cases of natural hydraulic lime in ancient times
always come from sites where impure limestones
outcrops were present nearby, thus making the hy-
pothesis of some unawareness about the properties
of the final product rather likely.

CONCLUSIONS

This contribution clearly demonstrates the
pervasiveness of the application of different types
of binding mixtures in diversified human cultures
since the beginning of the technological develop-
ment of mankind. Such a class of functional ma-
terials represents a key for the interpretation and
parametrization of social advancement within
societies, in relation to the optimization of shel-
tering techniques in primitive human groups, and
to complex architectural development in more
advanced cultures. The study of mortar recipes

over times and in different geographical contexts,
often reciprocally disconnected, indicates a thor-
ough knowledge of local resources and a signifi-
cant awareness of material properties and mutual
interaction among them, even though they were
simple empirical technological processes. In this
perspective, the scientific study of such anthropo-
genic materials constitutes a promising research
field, not only for the archaeometric characterisa-
tion of archaeological and historical tangible and
intangible contexts, but also for the development
of novel building materials, less environmentally
impacting and more respectful of the anthropo-
sphere.
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REZIME

RECEPTURE MALTERA KROZ
VEKOVE. KRATAK PREGLED
PODATAKA OD PRAISTORIJE DO
KASNE ANTIKE

KLJUCNE RECI: ANTICKI MALTERI, KREC, GLINA,
GIPS, PUCOLANSKI AGREGATI, OPUS CAEMENTI-
CIUM, COCCIOPESTO, PRIRODNI HIDRAULICNI
KREC.

Maltere, kompozitne materijale koji se upo-
trebljavaju za spajanje zidnih elemenata, za zap-
tivanje i davanje vodootpornosti arhitektonskim
povrsinama, ljudska populacija je koristila u svrhu
izrade sklonista od pocetka tehnoloske evolucije
¢ovecanstva, stvarajuci prve posvedocene proiz-
vode pirotehnologije od neolita. Vremenom su
izbor sirovina i optimizacija receptura i postupaka
mesanja omogucili da se diverzifikuju i optimizu-
ju njihova svojstva, kako bi se odgovorilo na na-
jsofisticiranije zahteve ljudskih kultura. U ovom
prilogu je dat kratak pregled evolucije tehnologi-
je maltera od paleolita do kasnog rimskog doba,
sa posebnim fokusom na odabiru funkcionalnih
jedinjenja kako bi se neke specificne osobine ovih
vezivnih kompozita podstakle u razli¢itim ljud-
skim drustvima. Detaljnije ¢e se baviti prvim pri-
menama jednostavnih veziva na bazi gline u pra-
istorijskim i protoistorijskim drus$tvima, uz rane
eksperimente sa pirotehnologijom maltera na bazi
kreca. Zatim ¢e biti opisana evolucija tehnologija
veziva u grckom i helenistickom dobu, sa poseb-
nim osvrtom na razvoj prvih pucolanskih smesa,
nakon cega ¢e uslediti detaljan opis izuzetnog
tehnoloskog razvoja hidrauli¢nih i pucolanskih
strukturalnih kompozita u rimskom drustvu.
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ROMAN AND LATE ANTIQUE GLASS IN THE MEDITERRANEAN
AREA AND SERBIA: ITS PRODUCTION, COMPOSITIONAL TYPES
AND PROVENANCE

ABSTRACT

The paper gives a synthesis of Roman glass production, compositional types and provenance of Roman
soda-lime-silica glass (natron glass) during the Roman and Late Antiquity epochs. It briefly discusses a
small production of plant-ash glass, which appears among the Serbian glass finds. The paper describes
the production process and components used in glass production and the two-phase production model of
Roman glass. It presents the main compositional features of the most typical Roman glasses during the first
three centuries CE: Roman blue-green glass, naturally colourless glass, and antimony-decolourised glass.
It also describes new glass types that appeared during the 4th century: Roman manganese-decolourised
glass, HIMT, Foy série 3.2, Jalame, and Roman Sb+Mn. It then gives characteristics of the most-represented
glass-type of the 6th century, the Foy série 2.1 and its subtypes with elevated concentrations of iron.

The paper discusses the provenances of the mentioned types and the methods used for their determina-
tion: circumstantial evidence, major and minor element concentrations, and isotopic ratios and rare earth
patterns. There is also a discussion on the types of glass from Serbia, giving a brief sketch of its evolution
in time and contextualising it within finds reported from the wider Mediterranean area. It shows that the
distribution of particular glass types in Serbia generally reflects the distribution in the wider area. The
important exception to this is Foy 3.2, which seems to be more present in Serbian assemblages, started to
appear earlier (3rd century) and lasted longer (6th century) than in the Western Mediterranean.

KEYWORDS: GLASS, COMPOSITIONAL TYPE, PROVENANCE, ROMAN PERIOD, NATRON, PLANT ASH.

INTRODUCTION

Glass in the Roman Empire was not just a mate-
rial, it was a highly valued product and prestigious
commodity whose manufacture needed significant
technological knowledge and skill. Glass produc-
tion during Roman times followed the manufactur-
ing practice used in several other ancient technolo-
gies, namely a two-phased production. This means
that the product was first partially manufactured in
a convenient place (usually close to the resources
and energy sources), and then transported to the
place of consumption, where it would be completed
to a finished product (Foy and Nenna 2001; Foyet

Nenna 2003). Roman glass was also produced in a
two-stage process: first, raw glass was produced in
furnaces close to the natural sources of good-quali-
ty sand and natron flux. After cooling, the glass slab
was broken into small pieces of raw glass and trans-
ported by ships across the Roman Empire. In the
furnaces close to the consumption sites, the glass
was remelted and blown or cast into glass objects
for everyday use (Freestone et al. 2000; Freestone
(2003; 2004); Gorin-Rosen 2000; Foy et al. 2003;
Nenna et al. 2000). To differentiate between the two
phases of glass production, it is customary to label
the sites primary production sites (glass making)
and secondary production sites (glass working).
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Archaeological studies have established that
raw glass was produced in relatively few places
in the Eastern Mediterranean and transported
across the vast space of the Roman Empire for lo-
cal glass production (Freestone et al. 2000, Nenna
et al. 2000; 2003). To discover the provenance of
primary glass, to establish the main compositional
types and to map their spread across the Empire
through time, means to cast light on the vast Ro-
man commercial routes and trading patterns and,
thus, to gain an insight into the important part of
the Roman society, its economy and commerce.

The most typical Roman glasses during the
first three centuries CE were: Roman blue-green
glass, naturally colourless glass, and antimony-de-
colourised glass. New glass types appeared during
the 4" century: Roman manganese-decolourised
glass, HIMT, Foy série 3.2, Jalame, and Roman
Sb+Mn. The most-represented glass-type of the 6™
century was the Foy série 2.1 and its subtypes with
elevated concentrations of iron.

We will give a general picture of what is known
about the Roman glass production, glass types
and glass commercialisation during the Roman
and Late Antiquity epoch, and briefly discuss how
data from Serbian contemporary sites fits into the
broader picture.

ROMAN GLASS PRODUCTION

Glass is an amorphous solid produced from
silica and lime, with various additives used for
glass modification, like colouring, decolouring,
and opacifying. Glass in the Roman Empire was
mostly natron glass (or soda-lime-silica glass,
according to its main constituents) (Nenna et al.
1997; Foy et al. 2003). It was produced by adding
natron (mineral soda low in potash) to batches
to serve as a metallurgical flux to lower the silica
melting temperature. The main source of sodium
for Roman natron glass was the mineral trona,
found in high quantities in the Wadi El Natrun
evaporitic lakes in Egypt, close to Cairo (Free-
stone et al. 2000). The Wadi El Natrun region is
well documented with primary glass production
sites (Nenna et al. 1997).

Lime was added to the glass as a stabiliser. Its
role can be seen in the case of the glass from an-
cient Egypt, produced without lime, that was un-
stable and dissolved with time. The most common

source of CaO in natron glass were sea-shells,
washed ashore, ground by waves and mixed nat-
urally with beach sands. On more rare occasions,
when silica sand was used, shells might have been
deliberately added to batches of natron glass to in-
crease the lime content (Freestone et al. 2000). The
best sand used in Roman glass making, which was
also mentioned by Pliny the Elder (Gaius Plinius
Secundus, Naturalis Historia, ed. Karl Friedrich
Theodor Mayhoff, Teubner, 1897), was the beach
sand around the mouth of ancient River Belus,
close to Haifa in what is today Israel. Brill (1988)
has demonstrated that Roman glass could have
been produced using Belus-type sand and natron
from Wadi El Natrun. Natron glass was by far the
most represented type of glass during the first
seven or eight centuries CE.

Another type of flux used was ash, produced
by burning halophytic plants, which grow on sa-
line soils rich in potassium. The main source of
CaO in this type of glass is plant-ash flux, so a
sand low in lime or crushed quartz could have
been utilised in the glass production (Freestone et
al. 2000). In the Mediterranean basin, this tech-
nology was employed during the Old Era, and
from the Late Byzantine/Early Islamic glass mak-
ing transition that occurred during the late 7* to
8™ century CE (Phelps et al. 2016). The reason for
replacing natron with plant-ash as flux is assumed
to have been the exhaustion of trona reserves in
Wadi El Natrun. However, evidence of a small,
perhaps specialised production of plant-ash glass
in Egypt during this era of natron has been dis-
covered (Rosenow and Rehren 2014, 2018). Sev-
eral glasses of this type are reported from two sites
outside Egypt, in Crete (Oikonomou et al. 2021)
and Serbia (Balvanovic et al. 2022).

Roman glass technology

The two-phase model of Roman glass produc-
tion is based on the scarce evidence of primary
glass furnaces, and on the fact that they are all
located near the shores of the Eastern Mediterra-
nean. The only Roman primary glass production
sites were discovered in Egypt (Nenna et al. 2000;
2003) and Levant (Freestone et al. 2000). Furnac-
es from Bet Shearim, Israel, show that each firing
might have produced several tons of raw glass.
Upon cooling, primary glass blocks were crushed
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to small chunks and exported throughout the Em-
pire, as shown by several ship-wrecks carrying
large amounts of raw glass or crushed glass (cul-
let) (Freestone et al. 2000). Ship-wreckages such as
the 2" century CE Iulia Felix (Silvestri et al. 2008),
3 century Ouest-Embiez (Mardikian and Girard
2010), and 11" century Serce Limani (Bass 1979),
contained raw glass, cullet and glassware. This ev-
idence strengthens the two-phase model assump-
tion and indicates that glass was widely traded
over the Roman maritime trading network across
the Mediterranean Sea.

The two-phase model of glass production fa-
cilitates pinpointing the origins of primary glass
production, since the composition of a finished
glass object depends on the composition of pri-
mary glass used for its production and, thus, on
the composition of sand from which it was made.
Since the raw glass, being an imported product,
was not always available at a local glass-working
workshop, and to lower costs of raw materials,
broken old glass, cullet, was often added to the
batches in the secondary workshops. Iulia Felix
had glass cullet sorted according to its colour,
indicating that glass-makers and glass-workers
were in good control of the glass-manufacturing
process (Silvestri et al. 2008). The practice of recy-
cling varied both in time and with compositional
types of the glass. Some glass types were not re-
cycled much (Foy 3.2) while some were recycled
very much (Foy 2.1). Roman Sb+Mn glass was
produced using antimony-decolourised and man-
ganese-decolourised cullets. Recycled glass leaves,
as a chemical signature, elevated concentrations
of trace elements like copper, antimony, tin, nick-
el and zinc, well above normal concentration in
sands (Foy et al. 2003). The cut-off values for these
elements need to be established for every com-
positional type of glass, starting from its primary
glass concentrations.

In order to market glass objects, the glass was
fashioned to the contemporary market demands.
The glass could be initially produced colourless
(by using very clean sand) or decolourised (using
antimony or manganese). It could be of more blu-
ish or greenish colour, depending on the furnace
redox conditions (reducing conditions producing
a bluish colour, oxidising conditions producing a
greenish tinge).

It could be naturally coloured, like green
HIMT or Foy 2.1 glass types. It could deliberate-
ly coloured, often light blue (with copper) or dark
blue (with cobalt), or black (with iron). The col-
ouring was mostly done in the secondary work-
shops, and is confirmed by elevated trace elements
concentrations, like copper, cobalt, or iron (Balva-
novié¢ and Smit 2022).

Glass trading patterns

The small number of primary production sites
(situated mostly in the Eastern Mediterranean)
and large number of local workshops across the
Empire used for glass working, were intercon-
nected over a vast glass trading network. The
geographical distribution of various glass types,
as demonstrated by many works, are not equal
for particular types. Some types are found more
in the entire Mediterranean (Foy groups 1-3, Foy
et al. 2003), others only in the East (Foy groups
4-10). They are not equally distributed even with-
in smaller regions, as shown by the high presence
of Foy 3.2 in the Balkans, compared to Italy and
other regions in the Western Mediterranean. This
shows that trading patterns for the glass were
quite complex and changed over time. The glass
might have travelled over direct links, or by coast-
al routes, hopping from port to port. It might
have been imported to inner regions by land, or
by river routes, like the Danube waterway. It is an
open question whether it usually travelled with
some other commodities, and with which ones, or
on ships dedicated to glass transport, or if it was
just an add-on commodity. Reconstructing these
routes by mapping the entire Mediterranean re-
gion, with compositions and provenance analysis
of raw glass, is a major effort.

COMPOSITIONAL TYPES OF ROMAN
GLASS

Two most represented types of glass during the
1 - 3" century CE in the Roman Mediterranean
are common Roman blue-green glass and colour-
less glass. Both are transparent and are either very
lightly coloured or colourless.
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Roman blue-green glass

Roman glass, common glass with bluish or
greenish hues, was the most common glass in the
1** to 3 centuries CE. It also had a remarkably
stable elemental composition, making it a suit-
able reference glass with which to compare other
glass types. Average compositions, calculated for
227 glasses of this type, are around 16.6% of Na O,
2.6% of ALO,, 7.5% of Ca0, 0.6% of Fe,O,, 0.13%
of TiO, and 0.6% of MgO (Table 1, Nenna et al.
1997). Roman glass was produced using clean
sands, with low heavy mineral concentrations
in sand, Fe,O, + MgO + TiO, = 1.9% on average
(Table 2). Its colour, bluish or greenish, depends
on the redox conditions in the furnace, resulting
in different amounts of ferrous and ferric ions.
Brill has shown that this glass might have been
produced using Belus-type sand and natron from
Wadi El Natrun.(Brill 1988; Freestone et al. 2000)

Roman colourless glass

Roman naturally colourless glass was produced
using very clean sands, with the least amount of
the sand impurities, like heavy minerals, that give
colour to glass (Table 2). Thus, Group 1b (a sin-
gle glass, Jackson 2005), contains 0.29% of iron,
0.45% of magnesium, 0.07% of titanium oxides
and virtually no manganese oxide. Naturally co-
lourless glass from Kosmaj, group K3, had similar
concentrations, on average 0.32% of iron, 0.48% of
magnesium, 0.05% of titanium and 0.2% of man-
ganese oxides (Stojanovié et al. 2015). Heavy min-
eral concentrations in sands from which the Kos-
maj naturally colourless glass is produced is 1.2%.
Objects manufactured from this type of glass were
likely considered luxury products.

During the 1* to 3™ centuries CE, Roman glass
was decolourised using antimony. Antimony, the
principal decolouriser of this period, is a strong
decolouriser. The amount of antimony used to
decolourise the colouring effect of iron is roughly
1:1. The ratio of antimony to iron oxides in anti-
mony-decolourised glasses in Mala Kopa$nica
(Stamenkovi¢ et al. 2017), is 1.01+0.37, and in Eg-
eta 0.83+0.28 (Balvanovi¢ et al. 2022).

Fourth century change in glass compositions

During the 4" century, manganese started to
replace antimony as the main decolouriser. The
reason is hypothesised to have been the exhaus-
tion of antimony bearing ores. Manganese is a less
efficient decolouriser than antimony, requiring
around double that of antimony to produce the
same result. The ratio of manganese to iron ox-
ides in the manganese-decolourised glass of Mala
Kopasnica is 2.67+1.13 and in Egeta is 1.72+0.43.
Since, in this period, the amount of colourless glass
cullet available from earlier times, decolourised
with antimony, was sufficient, is was widely used
for recycling with new, manganese-decolourised
raw glass and cullet. In this period, Roman
Sb+Mn decolourised glass was quite represented
in the archaeological record. In Kosmaj, the group
K2 was decolourised using 0.21+0.05 of antimony
and 0.29£0.017 of manganese oxides, while iron
was 0.4210.07. The average ratio of the sum of the
two decolourising agents to iron is 1.2:1 As the
antimony glass became less and less available, the
amount of antimony in recycled glass decreased,
but it was still found in smaller quantities. The
amount of antimony in 6™ century window glass
of type Foy 2.1 in Jelica is 125 ppm (Balvanovi¢ et
al. 2018, Balvanovi¢ and Smit 2020).

While during the first three centuries CE, the
Roman glass was mostly lightly-coloured blue-
green glass or colourless glass, in the 4™ century
it was often darker colours, such as green, ol-
ive-green or amber. It is not clear what brought
this change; possibly a change of fashion or the ex-
haustion of supplies of very clean sands. The dark-
er glass began to show in significant percentages
in archaeological records of the 4™ century.

Several naturally coloured glass types were re-
ported from this period. They obtained their dark-
er colour from higher concentrations of heavy
minerals, derived from sand impurities (4.3%
for Foy série 2.1, 7.5% for Foy group 1, Foy et al.
2003). Authors reporting these glass types gave
names that best described their respective chem-
ical compositions, like HIMT (High Iron, Man-
ganese, Titanium, Mirti et al. 1993), HIMT 1 and
HIMT 2 (Foster and Jackson 2009), strong HIMT
and weak HIMT (Foster and Jackson 2009), HIT
(High Irona, Titanium, Freestone 1994), HLIMT
(High Iron, Lime, Magnesium, Titanium, Glioz-
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group cent. AD ~ (Fe,O0+ (ALO,+K O+ sum TiO,/ALO,
T|02+Mg(3)/S|O2 Ca0)/Si02

Roman glass 15t — 4th 0.019 0.156 0.175 0.05

n=227

naturally colourless 1b | Late 2" — 4t 0.012 0.147 0.159 0.02

n=1

naturally colourless 15t — 31 0.012+0.003 0.147+0.009 | 0.159+0.01 0.02+0.001

Kosmaj K3

n=4

AD/NT (Mn) 15t— 4th 0.017+0.004 0.158+0.014 | 0.174+0.016 | 0.024+0.009

n=45

AD/N2 (Sb) 2nd — 3rd 0.014+0.003 0.112+0.007 | 0.127£0.010 | 0.047+0.015

n=4

série 3.2 (non't.) 1st-2nd 0.023+£0.003 0.124+£0.007 | 0.147£0.009 | 0.045+0.011

n=2

groupe 1 (HIMT) 5th 0.075+0.017 0.148+0.014 | 0.222+0.024 | 0.169+0.032

n=43

série 3.2 5th/ 6t 0.021+0.004 0.138+0.016 | 0.159+0.020 | 0.049+0.009

n=17

série 2.1 6th — 7th 0.043+0.011 0.173+0.012 | 0.216+0.016 | 0.062+0.007

n=51

Levantine | (Apol- 6t — 7t 0.017+0.003 0.168+0.028 | 0.185+0.030 | 0.021+0.010

lonia)

Levantine Il 7t — 8t 0.018+0.003 0.147+0.008 | 0.164£0.010 | 0.029+0.013

(Bet’Eliezer)

Egypt | 7th— gt 0.045+0.001 0.107+£0.005 | 0.152+0.006 | 0.122+0.005

Egypt Il 8th - gth 0.026+0.004 0.176+£0.015 | 0.201£0.016 | 0.103+0.015

Table 2. Amounts of heavy and light minerals in the glass making sands for several Roman glass types, and TiO2/Al20s
ratio differentiation between Levantine and Egyptian sands. Note that the naturally colourless glass from such distant
places as England (1b) and Serbia (K3 from Kosmaj) have the same concentrations of sand impurities. This hints at the
use of the same sand. Note also that Levantine types have a lower TiO2/Al20s (< 0.25) ratio than Egyptian groups (>
0.45). (Sources: Foy et al. 2003; Gallo et al. 2013; Nenna et al. 1997; Foster and Jackson 2010; Foster and Jackson 2009;
Phelps et al. 2016; Freestone et al. 2000).

zo et al. 2016a), Ca-rich HIMT, Gliozzo et al.
2016b). However, new data demonstrated that
some of these names cover very similar composi-
tions. HIMT 1, strong HIMT and Foy group 1 are
now considered HIMT. HIMT is now divided into
HIMTa and HIMTb, according to the iron content
(Ceglia et al. 2015). HIMT 2 is now considered
to be very similar to Foy 3.2, while Weak HIMT,
HLIMT and Ca-rich HIMT are considered akin to
Foy 2.1 (Freestone et al. 2018).

Egypt, perhaps Sinai, is considered to be the
source of sand used to produce HIMT glass. Sand
from Egyptian beaches has high concentrations of
heavy minerals, derived from the Nile and washed
ashore by sea currents and winds (Nenna 2000,
2003; Freestone et al. 2005; Gliozzo et al. 2015).

Roman antimony-decolourised glass and série
3.2 are also considered to be of Egyptian prove-
nance (Schibille et al. 2016), but different to that
of HIMT, since the sand used in its production is
much cleaner.

However, not all the glass of the 4" century
had darker colours. Roman manganese-added
glass was colourless. Its supposed provenance is
the Levantine coast (Brill 1988). The Jalame-type
glass, with or without added manganese, shows a
wide colour pallet (colourless, aqua, green or ol-
ive), and appeared in the mid-4" century in Pales-
tineThe type with no added manganese has higher
alumina (2.7%) and lime (8.77%) and lower sodi-
um (15.74%) than the Roman glass. Higher alumi-
na and lime are explained by feldspar-rich sand,
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while lower sodium by the geographical distance
from the Wadi El Natrun natron deposits.

Série 3.2 was almost colourless or slightly co-
loured (Foy et al. 2003), and had a manganese-de-
colourised composition, manufactured with more
pure sands. Its composition is broadly similar to
that of antimony-decolourised Roman glass and is
considered of Egyptian provenance.

Sixth and seventh century glass types

The 6™ — 7™ century glass from Apollonia in
Israel, termed Levantine I (Freestone et al. 2000),
is high in feldspar derived alumina (3.05%) and
lime (8.07%), and low in heavy mineral derived
iron (0.47%) and titanium (0.07%), and low so-
dium (15.17%), very similar to Jalame glass (also
classified as Levantine I).

Glass from the 7" — 8" century furnaces in
Bet Eliezer is termed Levantine II (ibid.). It has
even lower sodium (12.3%) and lime (7.36%) and
higher alumina (3.26%) than Levantine I. Even
lower sodium in later Levantine II is interpreted
as the exhaustion of the trona deposits of Wadi El
Natrun over time.

Late Antique natron glass from Egypt is termed
Egypt I (Gratuze and Barrandon, 1990). It is richer
in alumina (4.46%) and iron (1.79%) compared to
Levantine glass. It was produced from the late 7t/
early 8t to the late 8" century CE. Around 780
CE, this type was replaced by the type Egypt II, the
last natron glass produced in Egypt (Schibille et al.
2019). Egypt II is lower in alumina (2.53%) and
higher in lime (9.53%) then Levantine glass (Foy
et al. 2003, Phelps et al. 2016).

Independently, Foy et al. (2000, 2003) describe
ten glass groups from the Mediterranean, dated
to Late Antiquity. Four of these also appear in the
Western Mediterranean (groups 1-4). Composi-
tionally, Foy group 1 is similar to HIMT 1, and
group 2 is similar to HIMT 2. Foy group 3.1 cor-
responds to Levantine I, while group 4 is similar
to the Roman antimony decolourised glass. Re-
garding Eastern Mediterranean types, Foy group
7 is akin to Egypt II, and groups 8 and 9 to Egypt
I. The compositional differences between these
groups are depicted in the Primary Component
Analysis diagram (Fig. 1).

Plant ash glass

During the period between from the 1* to the
7" century CE, the flux used in the production of
glass in the Mediterranean and continental Europe
was the mineral natron. During the same period,
the Mesopotamian region, east of the Euphrates
river, continued its centuries-old tradition of halo-
phytic plant-ash glass production. Plant-ash glass
would not make its comeback to the Mediterra-
nean before the Islamic transition during the 8 -
9t centuries CE (Phelps et al. 2016). No plant-ash
glass production is recorded in the Mediterranean
and Western Europe during this epoch, with the
exception of a very limited, presumably special-
ised, production of halophytic plant-ash glass, ev-
idenced first in Egypt (Rosenow and Rehren 2014,
2018) and most recently reported from Crete (Oi-
konomou et al. 2021) and Serbia (Balvanovié et al.
2022).

PROVENANCE

“In Syria there is a region known as Phoeni-
cia... In this region is the source of the river called
Belus that, after five miles, disembogues into the
sea close to the Ptolemy colony... The sand from
the river Belus is ground and purified by the pow-
er of sea waves and it becomes very clean... The
coast upon which this sand is deposited is no more
than five miles long, but nevertheless this was for
many centuries the only place which provided ma-
terials for glassmaking” (Gaius Plinius Secundus,
Naturalis Historia, ed. Karl Friedrich Theodor
Mayhoff, Teubner, 1897). This testimony of Pliny
the Elder was the map for early archaeological ef-
forts to find primary glass production sites.

Primary production sites and supposed
provenances

As already mentioned, there are relatively few
reported Roman primary glass production sites,
and all are located in the coastal areas of the East-
ern Mediterranean, like Apollonia, Jalame, Bet
Eliezer (Hadera), today Israel, and in Wadi El
Natrun in Egypt, near the Nile delta. Seventeen
furnaces were discovered in Bet Eliezer, each ca-
pable of producing several tons of raw glass in a
single firing, as evidenced by the nine ton glass
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slab discovered in nearby Bet She’arim (Freestone
et al. 2000). Such a topography of primary glass
production sites, together with circumstantial evi-
dence of glass finds in the region, and the writings
of Pliny the Elder, formed the basis for the two-
phase production model of the Roman glass.

The two-phased glass production model, in
general, facilitates the possibility of the determina-
tion of the primary production sites. The elemental
composition of a glass object reflects the composi-
tion of the primary glass used in its production and
this, in turn, reflects the composition of the sand
used in the primary furnace. Several relationships
between concentrations of particular elements in
glass were used as indicators of the compositional
characteristics of particular sands and, thus, their
possible origins. TiO,/Al O, and AL O,/SiO, ratios
differentiate high-titanium-low-alumina Egyptian
sands from high-alumina-low-titanium Levan-
tine sands (Schibille et al. 2016). A SrO/CaO ver-

five Roman glass groups (with added manganese and with
and Foy série 3.2 and 2.1. Vectors of oxides: Na,O, MgO,

SiO,, K,0, Ca0, TiO,, MnO, FeZO3 lower left (Source: Balvanovi¢ and Smit, 2022).

sus MnO biplot is used to evaluate the amount of
strontium that derives from lime (because manga-
nese ore can contain some strontium), which can
be useful in provenance determination in some
cases. A value of SrO/CaO around 60 is charac-
teristic of Eastern Mediterranean coastal sands
(Freestone et al. 2018). Higher values of Na,O to
SiO, possibly indicate an Egyptian primary glass
manufacture, implying the abundance and avail-
ability of the mineral trona in Egypt (Freestone
et al. 2000). How these minor elements ratios can
differentiate between the types of sands used for
glass production, is depicted in Fig. 2.

Taking such relationships and the circumstantial
evidence into account, several hypotheses for the
provenance of particular glass groups were suggest-
ed. It is considered that Levantine glass was manu-
factured with sands from around the mouth of the
ancient Belus river in today’s Israel (Brill 1988). This
sand has high concentrations of feldspars and lime
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and low concentrations of heavy minerals. Roman
manganese-decolourised glass is also thought to be
of Levantine origin (Brill 1988, Schibille et al. 2016).

It is considered that HIMT glass, very rich in
heavy minerals, was manufactured using sands
from Egypt, possibly Sinai. This is supported by
isotopic analyses (Nenna 2000, 2003; Freestone et
al. 2005; Gliozzo et al. 2015). Roman antimony-de-
colourised glass and Foy 3.2, are thought to be of
Egyptian provenance (Schibille et al. 2016, Malto-
ni et al. 2016, Paynter and Jackson 2018). A very
different type, Foy 2.1, with high concentrations
of impurities, is also considered to be of Egyptian
provenance (Foy et al. 2003). A unique Late Antig-
uity glass with exceptionally high alumina has been
discovered in Turkey (Rehren et al. 2015).

Other provenances of glass-producing sands were
also suggested. These include Western Mediterranean
(Brems et al. 2012; 2013) and Greece (Silvestri et al.
2017). Wadi El Natrun in Egypt is considered the main

source of mineral soda used for fluxing. Other possi-
ble locations, like the lakes al-Barnuj in Egypt (Short-
land et al. 2006), and Pikrolimni in Greece (Dotsika et
al. 2009), are also suggested.

Determination of provenance by isotopes and
rare earths

Some other tracers are indicative of geochemical
processes underlying the sand formation and can
serve as “fingerprints” of particular sands. The most
common ones used in provenance determination of
Roman natron glass are isotopic ratios of strontium,
neodymium and hafnium, and rare earth patterns.

Isotopic Ratios. The ratio of strontium iso-
topes ¥Sr/*Sr can differentiate between beach
sands and inland sands. This stems from the fact
that beach sands derive most of their CaO from
seashells, while inland sands derive it mostly
from lime. Seashells have a %Sr/*Sr ratio close
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to contemporary seawater (0.7092), while these
ratios in lime reflect the ratios at the time of its
geologic formation. Thus, the ¥Sr/*Sr ratio can
provide a differentiation between coastal and in-
land glass-making sand. However, this ratio does
not differentiate between Levantine and Egyptian
sands (Barfod et al. 2020), suggesting the use of
beach sands in both cases.

Barfod et al. (2020) showed that hafnium isotope
composition is very good discriminator between
Egyptian and Levantine sands and, by implication,
glasses. This stems from the fact that hafnium on
Egyptian and Levantine beaches derives from the
mineral zircon, brought in by the Nile and longshore
sand transport by sea currents and winds. It is known
that zircon drops out from the transport along the
route, yielding lower concentrations of hafnium and,
significantly, changing its isotopic composition along
the way. This difference in Hafnium isotopic ratios
indicates that Roman Sb glass, Foy 2.1 and Egypt I
were produced in Egypt, while Roman Mn, Levan-
tine I glass from Apollonia and Jalame glass have a
Levantine provenance.

REE Patterns. Another set of provenance indi-
cators are rare earths patterns. The geochemistry of
rocks participating in sand formation is reflected in
rare earth patterns. REE patterns are concentrations
of rare earths normalised to the upper continental
crust (Kamber al. 2005). REE patterns of glass assem-
blages of Foy 2.1 type of glass from Visigothic Spain
(Balvanovi¢ and Smit 2020) are shown in Fig. 3. The
Foy 2.1 type has a variant with higher concentrations
of iron oxide, called Fe-rich Foy 2.1. The assemblage
is divided into three groups according to the iron ox-
ide concentrations, with low iron (average of 0.94%),
high iron (1.77%) and very high iron (2.66%). Their
respective REE patterns are depicted.

With the increase of iron from the low iron to
high iron group, concentrations of REEs also in-
crease, while the shapes of the REE pattern remain
the same, i.e., the differences in their respective
heights are due to iron concentrations (0.94% ver-
sus 1.77%). This indicates the same origin of iron
in both groups. The same is true for the patterns of
high iron and very high iron, but with the excep-
tion of cerium and hafnium, which decrease with
increases of iron concentrations. This might indi-
cate different type of mineral iron and, thus, likely
point to a different provenance of the sand.

GLASS IN SERBIA DURING THE
ROMAN EMPIRE AND LATE
ANTIQUITY

How do Roman and Late Antiquity glass finds
from Serbia fit into the wider picture of glass type dis-
tribution over the entire Mediterranean, and through
time? The changes in glass compositions that occurred
during the 4" century and again during the 6" century
CE, are also reported from Serbia (Table 3, Fig. 4). Af-
ter the domination of Roman glass (mostly naturally
colourless and decolourised with antimony), manga-
nese became the main decolourant in the 4" century,
just as in the other areas of the Mediterranean. The
newer, manganese-decoloured glass, was recycled with
older, antimony-decolourised glass, yielding Roman
Sb+Mn glass. New types of glass appeared, like Foy
3.2 and HIMT. The specificity of Serbian Foy 3.2 glass
is that it seems to be among the oldest yet reported in
the literature. The Kosmaj K1 group (Foy 3.2 type of
glass) is dated to the 3 to 4™ century and some glasses
to the 2™ to 3™ century. The lightly coloured Foy 3.2
type, with small concentrations of sand impurities, was
also sometimes recycled with antimony - decolourised
glass, although not often. During the period between
the 2" and 4™ century, glass was imported to Serbia
from two sources of primary glass production: Egypt
(around three quarters of analysed glasses) and the Le-
vantine coast (around one quarter, Fig. 4, Tab. 3).

From the 6 century, earlier compositional types
vanish from the archaeological record, and a new
type, Foy 2.1, with a darker colour, reflecting high
concentrations of impurities in the sand, and heavily
recycled, dominate the Serbian landscape. The ex-
ception to the disappearance of earlier types is Foy
3.2, which continued well into the 6™ century. Foy 3.2
type among Serbian finds spans the period from the
late 2" to early 3™ century (Kosmaj K1) to the late
6 century (Jelica). It is noteworthy that Foy 3.2 ap-
pears among the 6"/early 7" century Serbian assem-
blages of windowpanes and glassware from Jelica
and among raw glass from Cari¢in Grad (Iustiniana
Prima) (Drauschke and Greiff, 2010) with not insig-
nificant percentages (on average 12%). Thus, Foy 3.2
glass from Kosmaj and Cari¢in Grad significantly
widen the 4" to 5% century timespan of Foy 3.2 glass,
as earlier considered. A comparison with the pub-
lished data shows that this type of glass was much
more common in the Balkans then in contemporary
Italy. In addition, the percentages of Foy 3.2 type

136



Balvanovi¢ - Roman and late antuque glass...(127-144) Archaeology and Science 18 (2022)

—LILD (0.99%)
—HILD (1.57%)
——VHI LD (2.69%)

—

L]
=
E

Normalized concentrations (log)
2

- 2.69%
1.57%
-J__‘,,__-H
= - 0.99%
0.10
TIO2-V Cr Rb S ¥ 2Zr Ba La Ce Pr Nd Eu Gd Tb Lu Hf Th
10.00 —— LI VS (0.84%)

——
£

—— HI VS (1.77%)
——VHI VS (2.63%)

Normalized concentrations (log)
2

0.84%

0.10
TiDz2 ¥V C Rb S ¥ 2Zr Ba La Ce Pr Nd Eu Gd Tb Lu H Th
(c) 10.00 ——VHILL BGW (2.63%)
@ —— LI BGW aqua all
= {1.08%)
5
= ——VHi clive green and
b= yedlowish green
279%
8 1.00 b
]}
L8]
b
M
e
=
=]}
=
0.10

T2 ¥ Cr Rb S ¥ Zr Ba La Ce Pr Nd Eu Gd Th Lu HI Th

Fig 3. Trace element patterns of Fe-rich Foy 2.1 glasses, grouped by iron concentrations. Values normalised to the upper
continental crust [38]. Groups from the Lower Danube (a), Visighotic Spain (b) and Byzantine glass weights (c). Note
that for the Lower Danube REE dataset only La-Nd measurements are reported (Source: Balvanovi¢ and Smit, 2022).

137



(127-144)

Roman and late antuque glass..

vanovic -

Bal

science 18 (2022)

Archaeology and S

“(010T P15 pue yosneIg

$720T T8 12 PTAOURATRG ‘GTOT TB 12 JTAOUR(0]S GTOT Te 19 PIAOUSWIE]S :$901n0§) sdnoid [euonsodurod ojur papIAIp BIqIaS UT SATS AINJUD g/ A[TB/,9 — puT WOTJ SS[D) "¢ J[qE],

SE¢ 9¢ €8 11 8¢ LT €€ L1 viol
€ T T T J3l[ino
4} T TT IHA T°Z 3195 Ao
L z S IH T°Z 21495 Aog
9 v 81 1T au9s Aodg
€1 14 S C [4 pa4nojod
€ z T yse-jueld
T T U\ swejer
T T qLWIH
6 8 T BINIH
€9 z 45 6T S ST T'€ 313s Aog
pazlino|odap
9T T T 7T UN+QS uewoy
8¢ € 11 9 8 poz1uN0|033p U uewoy
€¢ L 6 L paz1IN0|033p gS UBWOY
$S9|4N0J0d
v v Ajjednieu uewoy
0 udaJd-an|q uewoy
wl AeS/,9 L ARS/y9 b S — € Bl wl — € wl — p€ AlIES /5T 918 gV = pul Ainjuad
wng peJd upue) ealar e1983 euelpaN wnipeuIwIA [ewsoy| eajusedo)y| eje|n 9dA} |euojsodwod

"€ 3qeL

138



Balvanovi¢ - Roman and late antuque glass...(127-144) Archaeology and Science 18 (2022)

among the glass assemblages published from the Bal-
. kans seem to increase eastwards, possibly indicating
- that the import of Foy 3.2 raw glass came from the
East rather than from the West. The possible candi-
date is the Danube waterway (Fig. 5). However, this
hypothesis will have to be re-examined when more

IH sre 2 data on Balkan glass finds becomes available.
=i H B _ _l I Another important change in the Balkans, re-
i el 19 garding raw glass trading routes, seems to have hap-
pened during the 6 century. Data shows that raw
glass in this period was imported exclusively from
Egypt. This is also in accordance with the wider pic-

s ture of the Mediterranean region, notably Italy.
. CONCLUSIONS

The Roman soda-lime-silica (natron) glass
evolved, both compositionally and in its distribution,
Fig 4. Up: Percentages of compositional types among 126  with time. The compositional change reflected the
glasses from 2nd - 4th century and 109 glasses from 6th changing compositions of sands used in the produc-

century, that are reported from Serbia. Down: supposed . . .
9 tion of primary (raw) glass. This was the consequence
provenance of these glasses (Sources: Stamenkovi¢ et

s EEEEOBEE

al. 2015; Stojanovié et al. 2015; Balvanovié et al. 2022; of a change of sand mines, a routine that had to be
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Fig. 5. Distribution of Late Antique glass types in the Mediterranean. Pie charts show percentages of glass types
within reported assemblages. Yellow and blue pie charts show percentages of high iron glasses among Foy 2.1 types in
particular regions. Note that distributions are different in different regions. In the Balkans, Foy 3.2 is more represented
than in Italy (Sources: Foy et al. 2003; Schibille et al. 2016; Stamenkovi¢ et al. 2015; Stojanovi¢ et al. 2015; Balvanovi¢ et
al. 2022; Drauschke and Greift 2010; Cholakova et al. 2016; Conte et al. 2016; Schibille 2011; Ceglia et al. 2015; Mirti et

al. 1993; Gliozzo et al. 2015a).
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ed at a particular quarry. Despite this, the “classical”
Roman blue-green glass was of remarkable compo-
sitional stability, and it lasted for several centuries.
Considerable change stared during the 4™ century,
when manganese started to replace antimony as a
decolouriser, and when several new types of glass, of-
ten with darker colours, appeared, such as the HIMT
class of glasses. Besides this darker glass, a variety of
other colours also appeared, like Jalame glass, with or
without added manganese, and very lightly coloured
Foy série 3.2. Later, yet newer glass compositions
appeared, in the 6" century Foy série 2.1, in the 7
century Levantine I and Egypt [, and in the 8" cen-
tury Egypt II. The era of natron glass ended with the
replacement of natron with plant-ash flux, a change
that happened with the Islamic transition, during the
8" and 9™ centuries. However, a small, possibly spe-
cialised, production of plant ash glass production has
been reported from Egypt, and glass of this types has
also been reported from Crete and Serbia.

The glass compositions and period of their distri-
bution followed this general picture of the Mediterra-
nean, with an important exception. It seems that glass
of the type série 3.2 appeared in the archaeological
record earlier and lasted longer than in other parts of
the Mediterranean, notably Italy. It also seems that the
ratios of this type of glass in the reported assemblag-
es in Serbia (and the eastern and Central Balkans as a
matter of fact) are higher compared to other parts of
the Roman Empire. This suggests that the commercial
routes importing the raw glass of this type were differ-
ent. The data suggests that série 3.2 was imported to
the eastern and Central Balkans via the Danube.

APPENDIX - GLASS COLOURS

Natural colours of the Roman glass range from co-
lourless and nearly colourless to coloured, depending
mostly on the amount of iron in glass-making sand
and redox conditions in furnace. Roman glass could
also be intentionally coloured (with iron, cobalt, cop-
per, manganese) or decolourised (with antimony and
manganese). Bellow are the photographs of glasses
from several sites in Serbia, showing various types of
glasses and their typical colours (Figs. A-C).
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Fig. A. Left: colourless glass C-123e from Egeta (4" century). Middle: naturally coloured glass, sample 17b (Gradina on
Jelica, 6% c. AD), of type Foy 2.1, with Fe,Os = 0.91%. Right: naturally coloured glass, sample 28 from Jelica, of type Foy
2.1 high-iron, with Fe20s = 1. 96% (Sources: Balvanovi¢ and Smit 2020, C-123e is not published).

Fig. B. Left: glass 16 from Gradina on Jelica (6™ century) coloured with 580 ppm of cobalt; right: glass 24 from Jelica
(6™ century) coloured with 1830 ppm of copper (Source: Balvanovi¢ and Smit 2020).
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Fig. C. Photographs of windowpane glasses from Jelica: a. Jelica 1 - almost colourless glass of type Foy série 3.2 (average

Fe205 = 0.70 %); b. Jelica 2 - light olive—green and amber glass of type Foy série 2.1 (average Fe20s = 1.00 %); c. Jelica 3

- deeper olive-green glass of type Foy série 2.1 high-iron (average Fe20s = 2.71%); d. Jelica 4 - glass of type Fo Fz 1 with
2.26 % of iron oxide (left) and glass of type Foy 3.2 with 0.46% of iron oxide (right) (Source: Balvanovi¢ et al. 2018).
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REZIME

RIMSKO I KASNOANTICKO STAKLO
U OBLASTI MEDITERANA I SRBIJI:
PROIZVODNJA, KOMPOZICIONI
TIPOVII POREKLO

KLJUCNE RECI: STAKLO, KOMPOZICIO-
NI TIPOVI, POREKLO, RIMSKI PERIOD,

NATRON, BILJNI PEPEO.

Rad daje sintezu proizvodnje rimskog stakla, kom-
pozicionih tipova i porekla primarnog stakla tipa soda-
kre¢-kvarcni pesak (natronsko staklo) za vreme rimske
epoheiepohekasne antike. Takode, kratko opisuje malu
proizvodnju stakla od biljnog pepela, koje se pojavljuje i
medu staklima nadenim u Srbiji. Rad opisuje proizvod-
nju primarnog stakla i komponente koje se u proizvod-
nji koriste, i dvofazni model proizvodnje rimskog stakla.
Rad daje karakteristike sastava tipicnih tipova rimskog
stakla: plavo-zeleno rimsko staklo, prirodno bezboj-
no staklo, bezbojno staklo obezbojeno antimonom;
potom tipove stakla koji se pojavljuju tokom IV veka:
rimsko staklo obezbojeno manganom, HIMT, Foj 3.2,
Dzalame i bezbojno staklo obezbojeno antimonom i
manganom. Rad opisuje karakteristike najceséeg tipa
tokom VT veka, odnosno Foj 2.1, i njegove podtipove sa
povisenom koncentracijom gvozda.

Daje se prikaz porekla navedenih tipova i opis
metoda upotrebljenih za odredivanje porekla: nalazi
stakla sa okolnostima nalaza, koncentracije glavnih
i sporednih elemenata, izotopski odnosi stronciju-
ma i hafnijuma, obrasci retkih zemalja. Rad opisu-
je rasprostranjenost kompozicionih tipova stakla
pronadenih u Srbiji, daje kratak prikaz promene ras-
prostiranja tipova sa protokom vremena, i stavlja ove
nalaze u $iri mediteranski kontekst.

Rad pokazuje da rasprostiranje pojedinih tipova
u Srbiji uopsteno prati njihovo rasprostiranje u Sirem
okruzenju. Vazan izuzetak od ovoga predstavlja tip Foj
3.2, koji je, kako se ¢ini, ¢e$ée zastupljen medu anal-
izovanim srpskim kolekcijama stakla, a koji se pojavio
ranije (III vek) i trajao duze (VI vek) nego u $irem
prostoru Mediterana.

% %k
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OF WALL PAINTINGS ON THE EXAMPLE OF FRAGMENTS OF
FRESCOE PAINTINGS FROM THE CHURCH OF ST. NICHOLAS

(CRKVA SVETOG NIKOLE) IN BALJEVAC, SERBIA

ABSTRACT

During the archaeological research of the Church of St. Nicholas, in Baljevac, Serbia, fragments of wall
paintings were found in Pit no. 1, located in the nave area. The fragments were determined to be from the
second phase of the construction of the church (13" century). Several fragments of different and pure tones
were selected to examine the composition of the mortar and pigments, as well as the painting technique.
Analytical techniques and the results obtained by their use during the examination of the selected frag-
ments are presented in this paper. With a suitable selection of analytical techniques, all the pigments that
had been used were identified, the chemical composition of the mortar determined and a parallel made
with the materials analysed so far from wall paintings from similar periods. The importance of modern ar-
chaeometric tests in modern conservation-restoration practice is highlighted and guidelines for continuing
research are presented.

KEYWORDS: EDXRE, FTIR, RAMAN SPECTROSCOPY, WALL PAINTINGS, ARCHAEOMETRY, CULTURAL
HERITAGE, FRAGMENTS, PIGMENTS, CHURCH OF ST. NICHOLAS IN BALJEVAC

INTRODUCTION causes of damage and degree of degradation of a
given cultural property. The data obtained by an-
alytical methods serves primarily to identify the

materials used, which is why they can also help in

Laboratory and/or in-situ examinations, de-
structive or non-destructive, on samples or whole

objects, provide data on the composition of mate-
rials, technology and manufacturing techniques,

the selection of a suitable conservation procedure.
Additionally, generated analytical data can reveal
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the authenticity of the materials used and every-
thing that a given item has undergone over the
course of time.

When it comes to wall paintings, the analyt-
ical techniques applied can be non-destructive,
micro-destructive or destructive. Non-destructive
and micro-destructive analytical techniques are
preferable when working with archaeological and
museum material, which is why special attention
is paid to the selection of the appropriate instru-
mental technique that can provide answers to the
questions asked. It is very important to know the
possibilities and limitations of analytical tech-
niques, in order to reach the most accurate results
and high-quality interpretation.

The ruins of the medieval Church of St. Nich-
olas, in Baljevac near Raska, a single-nave basilica
with fagades, and an apse divided by blind arcades,
has Romanesque properties, hence, it was included
among the churches of the so-called coastal type
very early on (Fig. 1). At first, it was believed that
it was built at the end of the 12th century (Jepoxo
1932: 36-39), however, based on a detailed analysis
of its secondary parts, primarily the windows, the
dating was revised in more recent scientific liter-
ature to the middle of the 13th century (Yanax -
Menuh, Kaugnh 1995: 207-203). The fresco paint-
ings in the interior of the church are only partially
preserved, mostly in the lower zones, and they were
dated into the 14th century on the basis of their
style (Craunh 1973: 64-67; Craunh 1974: 53-74).
From the 18th century, the church was in ruins,
without a roof and exposed to atmospheric influ-
ences, which led to a lot of damage on the paint-
ed layer. The existing protective roof structure was
built in 1935/36 and is one of the early examples of
conservation practices in Serbia.

In 2016, Institute for the Protection of Cultural
Heritage, Kraljevo, began archaeological research
with the goal of gathering data for the formulation
of a reconstruction project (Ipyjosuh Bpxosuh,
Anexcuh YespmakoBuh 2016: 75). The research
has shown that the building from the 13th cen-
tury represents a restored older church with the
same plan. During the archaeological campaign in
2017, under the level of the original floor in Pit
no. 1 (Fig. 2) in the area under the dome, a fres-
co painting was discovered, corresponding to the
second phase of the building of the church. This
closed unit was created in the 14th century, after a

Fig. 1. Position of Pit no. 1 in the nave of the Church

of St. Nicholas, in Baljevac (Drawing by A. Matovi¢;

documentation of the Institute for the Protection of
Cultural Heritage, Kraljevo).

new painting of the walls (Berke 2009, 16; Turins-
ki 1990: 5, 6), when the remains of older frescoes
were set aside along with the Romanesque stone
decorations, kitchen and table pottery,' stonema-
sons’ tools and other movable finds, which clearly
indicate a restoration context.?

In this paper, the importance of the previously
mentioned archaeometric techniques in the study
of the composition of the mortar and pigments of
wall painting is shown precisely on the example of
fragments found in the nave area of the Church of
St. Nicholas, in Baljevac, which are kept at the In-
stitute for Cultural Heritage Preservation, Kraljevo,
today. The knowledge on the use of pigments in
painting throughout history was very important
for the drawing of relevant conclusions within this
research, showing the necessity of a multidisci-
plinary approach to cultural heritage research.

PIGMENTS USED IN THE MIDDLE
AGES

Information on paints from the Greek and the
Roman period can be found in manuscripts by
Theophrastus, Vitruvius and Pliny. Theophrastus
(4™ century BC) wrote the oldest treaty, De lapidi-
bus, on rocks. Vitruvius (Marcus Vitruvius Pollio,
1st century BC), in his work De architectura libri

1 Certain bowl and pot fragments contain traces
of pigments and were most probably used as paint palettes.
2 Unpublished archaeological research of V. Milu-
tinovié,
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Fig. 2 Base of Pit no. 1 at the infill level, with a cross-section after it was emptied (Drawing by A. Matovi¢;
documentation of the Institute for the Protection of Cultural Heritage, Kraljevo).

decem, dealt with painting technologies and types
and groups of paints, aside from architecture.
Pliny the Elder (Gaius Plinius Secundus Maior,
1st century BC), in his book Naturalis Historiae,
wrote about painting and colours, among other
things. Those same colours continued to be used
by painters from the medieval period as well, with
the difference that Egyptian blue, one of the oldest
synthetic pigments, ceased to be in use after the
Roman period (Turinski 1990: 34; Mazzocchin at
al. 2003: 129; Riederer 1997: 23-45; Rogi¢ et al.
2012: 285-287). When it comes to blue, lapis la-
zuli was the shade that was used the most in the
Middle Ages.

Data on pigments used in the Middle Ages
come from a manuscript on painting and paint-
ing techniques, described by Heraclius in his three
books De Coloribus et Artibus Romanorum. There,
he described how different colours are obtained
from plants and minerals. In this paper, the fo-
cus will be on the inorganic pigments that were
used most often in medieval wall paintings. In his
third book, Heraclius describes the preparation
of the white tempera Alumen, which should be
mixed with water and resin on marble, then dried
and reduced to powder, and then mixed with egg
whites. He also writes about the preparation of
lead white Cerus and red lead rubeum minium.
The lead white paint was prepared by placing lead
plates in a vessel, pouring very strong vinegar into

it, then closing the vessel and putting it in a warm
place for a month. Once the vessel was opened,
everything would be scraped off the lead plates
and placed in a new vessel, which was to be heated
over a fire, and the contents would be stirred un-
til they became as white as snow. If the paint was
kept over the fire for a longer time and stirred, it
would become red minium. If the minium was left
on the fire for a longer time, without stirring, it
would revert to lead white again. For the prepara-
tion of tempera from green earth, Malvam would
be mixed with vinegar or “good wine’, green earth
added to that mix, which would result in tempera,
which would be used for wall paintings. To make
green paint from copper or brass: copper plates
were placed in a vessel with white wine vinegar
and left there for 1-3 months, and after this period
the pigment would be obtained (M. Medi¢ 1999:
162, 197-201).2

The List of various arts by the German monk
Theophilius Presbyter (Schedula diversarum ar-
tium) is an extensive manual on painting tech-
niques from the early 12" century. He wrote about
the use of lead white, red lead, cinnabar, ochre, ar-
senic, green earth, azurite, lampblack, vine black,
etc. He described the process of making cinnabar

3 There is no data on Heraclius® origins, but it is
believed that he could have been Greek, or perhaps Italian
from Lombardy, and that his books were written before the
manuscript of Theophilius Presbyter, Heraclius XXXIX.
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with sulphur and mercury over fire. He also gave a
recipe for the preparation of “green salt” from cop-
per plates, salt, oil, honey, and vinegar (hot urine
was also used instead of vinegar). To obtain Span-
ish green, he used small copper plates and vinegar,
and noted that scales should be used to measure
the ingredients (M. Medi¢ 1999, 247-295).

Some of the most commonly used pigments
in the 12th century, which we assume could also
have been used on fragments and samples of wall
paintings from the Church of St. Nicholas near
Baljevac, are calcium carbonate (chalk), ochres,
red iron oxides - red earth, cinnabar, red lead,
green earth — Terre Verte and black pigments:

Calcium carbonate (chalk). White pigments
can be different forms of calcium carbonate, they
can come from limestone, chalk, marble, mollusc
shells or bird eggs (Siddall 2006: 28). The three
natural types of calcium carbonate are: aragonite,
calcite and vaterite. Natural chalk, calcium car-
bonate, is a natural inorganic pigment, used from
prehistoric times to the present day. Chalk is the
name of calcium carbonate from Crete, which has
become the common term (Ling 1991: 209).

Ochres. Yellow ochre is a natural mineral con-
sisting of silicon and clay, coloured by the iron
mineral goethite, and may contain traces of gyp-
sum or manganese. It is found all over the world.
Tones range from cream and yellow to brown and
greenish. A higher amount of iron and manganese
gives ochre a dull tone. It gains a reddish hue from
heating (Turinski 1990: 22). Ochres have been
identified in cave paintings (Altamira, Lascaux),
as well as in paintings from Egypt, Greece and
Rome. Ancient ochre was first used by Polygnotus
and Mykon (ITnunnje crapuju XXXIII, IVI. 158,
translation taken from: Memuh 1999: 143).

Red iron oxides - red earths. Red earth is a
natural inorganic pigment. Red earths have been
used in all parts of the world from prehistoric
times to the present day. These pigments contain
a large amount of iron oxide. They are most of-
ten light red (hematite, rust), but they can range
from orange to yellow (lepidocrocite, also known
as esmeraldite or hydrohematite) and from dark
brown to black (maghemite). They appear under
the names: English red, Pompeiian red, terra di
pozzuoli, caput mortuum, Spanish red, Neapoli-
tan red, Persian red, Indian red, Venetian red and
others (Kajres 2011, 57). Red earths are extremely

lightfast and stable in all techniques (Andrejevi¢
1983, 63).

Cinnabar. Cinnabar is a natural inorganic
pigment, obtained from the mineral cinnabarite
(mercury sulphide). This ore is dried, ground,
washed and heated, and used as a pigment after
being dried again. It is orange-red, with excellent
covering power and good performance. The oldest
example of a wall painting on which cinnabar was
used comes from the Neolithic village of Catal-
héoyiik (7000-8000 BC). There is no data on cin-
nabar being used in Egyptian or Mesopotamian
painting. It was mostly used in ancient Greece and
Rome (Turinski 1990: 25). Cinnabar deposits can
be found throughout Europe, Asia, Persia, the Bal-
kans, Italy, and in Serbia, in the vicinity of Avala
and Prijepolje (Babuu 2003, 221-222). Artificial
cinnabar was created in the 8th century (vermil-
ion). There is no chemical difference between nat-
ural and artificial cinnabar. The only visual differ-
ence is that the natural pigment has coarser grains
and a cooler tone than the artificial one. Two
names are used: vermilion and cinnabar. Vermil-
ion is the standard name in England and Amer-
ica, referring to the mercury sulphide pigment.
Cinnabarite is a name derived from mineralogists
and crystallographers and refers to the crystalline
form of mercury sulphide (Gettens, Feller, Chase
1972: 45).

Red lead. Red lead, or minium, is a red synthet-
ic pigment with a fine texture and good coverage.
It was found in silver mines, and was highly val-
ued. According to Theophrastus, minium was dis-
covered by the Athenian Callias, who was heating
red earth from silver mines, trying to obtain gold
(unsuccessfully), and minium was, thus, created.
It was imported from Spain, raw. In Rome, the
ore was prepared, and the state would determine
the selling price (Ling 1991: 209-209; ITnunuje
crapuju 2011, XXXIII, chapter 11, 121). A red pig-
ment called Usta was obtained by accident during
a fire in Piraeus, after a cerusite vessel was burnt
(ITmmuuje crapuju 2011: XXXV, chapter 6, 114;
[Tunmje crapuju 2011, XXXV, xx. 38; translation
taken from: Meguh 1999: 147). Another type of
minium used to be obtained from a lead-coloured
stone that was found near certain metal veins in
silver and lead mines. This stone would turn red
after being calcified, and it was also used as an
imitation of minium. Surfaces painted with min-
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ium, as with those painted with cinnabar, had to
be protected with Punic wax (IInmuuuje crapuju
2011, XXXIII, chapter 8, 120-122).

Green earth — Terre Verte. It belongs to pig-
ments of natural inorganic origin. These are clays
with a large amount of silicates and the minerals
glauconite and celadonite, hydrosilicate of pot-
ash, aluminjum, iron and magnesium. The colour
varies from cool bluish-green to warm yellow and
olive hues. Green earth was used for painting in
Egypt, Greece and Rome, and also in later periods.
Deposits of green earth have been found in today’s
Czech Republic, Italy, France, Baltic countries,
Cyprus, Poland, Hungary, England, Germany;, etc
(Aliatis et al. 2009: 532).

Black pigments. Black from grapevines — vine
black, has a composition of almost pure car-
bon with admixtures of impurities. It is obtained
by charring cane stalks and other plant residues
(dehydrated stalks, fruit stones, pomace, etc.).
Polygnotus and Mykon made black ink from
grape skins in Athens and called it grape pomace
ink (Ilmuuje crapmuju XXXV, xxv. 41, transla-
tion taken from: Meguh 1999, 147). This kind of
black is lightfast, compatible with all binders and
has a good covering power (Andrejevi¢ 1983, 82;
Turinski 1990, 38). Charcoal, soot black, has been
used as a pigment from the earliest times to the
present day. It is obtained by heating wood with
limited air contact. Charcoal is a common name
for all black pigments, which are traditionally pro-
duced by charring organic matter, such as wood.

Charcoal can also include lampblack, obtained by
collecting soot from oil lamps, being a product of
burning oil, candles or resin. The composition of it
is pure carbon, with minimal oil admixtures. Such
blacks are obtained by burning natural gas, resin
or resinous wood, oil, fat, stone and brown coal
(Andrejevi¢ 1983, 82). Vitruvius wrote about the
black colour obtained from wine lees, prepared by
drying wine lees, boiling them and mixing with
glue. In this manner, an excellent colour for paint-
ing walls was obtained, as well as Indian ink (Vit-
ruvius, book VII, X, translated by M. Lopac 1951,
161). Painters came to Serbia from abroad by in-
vitation, but there were also painting workshops
of local masters throughout the Middle Ages. For-
eigners had a decisive role in the turning points in
Serbia, when they brought the latest artistic con-
cepts and high standards from developed milieux.
Mostly, major painters from Constantinople or
Thessaloniki worked in Serbia.

INSTRUMENTAL ANALYTICAL
TECHNIQUES APPLIED DURING
RESEARCH

Optical microscopy (observation of the wall
paintings with a USB microscope). With the use
of a USB microscope (Fig. 3), we can examine and
document various pieces of the surface and save
information regarding the properties of the sur-
face of a wall painting. It is a very simple and prac-
tical observation method.

Fig. 3. Examination of the surface of the painted layers of fragments with a USB microscope (Photo by K. Ponjavi¢).
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A digital USB microscope provides additional
information that cannot be detected visually. With
the option of manual focus adjustment, it records
data at a magnification of between 50 and 500
times (Fig. 4). When connected to a computer, it
is possible to take photos or make video record-
ings. Optical microscopy is very useful for study-
ing the condition and physical structure, texture,
various damage, interventions that occurred at a
later point, granulation of pigments or aggregates,

4

Fig. 4. Appearance of the painted layers of fragments with a magnification of ca 50x (Photo by K. Ponjavi¢).

deposits and the presence of craquelures. Optical
microscopy is also used on samples prepared by a
special procedure that allows for an analysis of the
stratigraphy of the layers on a cross-section. The
stratigraphy or cross-section of a sample can yield
very interesting results in the form of underpaint-
ing and overpainting, as well as the thickness of
colour layers. Additionally, mortar layers and their
difference in thickness, as well as aggregate grain
size can be clearly observed, which can be espe-
cially enhanced by polishing the sample. There are
several types of microscopes used for such exam-
inations that are owned by laboratories through-
out Serbia. The choice of microscope depends pri-
marily on the type of information one wishes to
obtain from the examination, as well as the ability
to sample and prepare the material in a suitable
manner for the examination of cross-sections
(either by microscopy at lower magnifications or
even by using scanning electron microscopy with
energy-dispersive spectroscopy SEM-EDS, which
provides information on the elemental chemical
composition, and is suitable for the analysis of
both mortar and pigments) (Rogi¢ 2017: 71-79).
Energy-dispersive X-ray spectroscopy (EDX-
RF spectroscopy). One of the most commonly
used instrumental techniques for the analysis of
materials from which works of art were made is
energy-dispersive X-ray spectrometry. The many

advantages of this instrumental technique have
enabled its development over the years, making
it an indispensable step in any modern archeom-
etric study (Gaji¢-Kvascevet al. 2012, 1025-1033;
Rogi¢ et al. 2012: 268-290; Rogi¢ 2014; Rogi¢
2017: 71-79). Some of the advantages that should
be highlighted are: it is non-destructive, non-in-
vasive, multi-elemental (information is obtained
on almost the entire elemental composition of
the examined material with just one analysis),

there are devices with which the analysis can be
performed in situ, handling of the equipment is
simple, results of the analysis are obtained in a
very short time and in the same place where the
test was performed (no additional processing of
the results is required, nor the use of databases
of comparative spectra to establish the elemental
composition, which is extremely important if it is
necessary to repeat the measurement or choose a
different measuring place, since that decision can
be made very quickly), and it is extremely avail-
able and reasonably priced. The disadvantages of
this instrumental technique are not easy to over-
come, but they are not too great a hindrance for
its widespread use in the examination of almost
all inorganic materials from which cultural heri-
tage objects are made. The main disadvantage of
this method is the impossibility of detecting or-
ganic materials (since the detection range is usu-
ally from energies corresponding to the detection
of silicon - Si), as well as chemical compounds in
which the detected chemical element is included
(because chemical bonds between molecules can-
not be detected with this method). The method is
sensitive to the sample matrix, which significantly
complicates the quantitative analysis.

EDXRF spectrometry for a non-destruc-
tive characterisation of pigments on fragments
of wall paintings was performed with the use of
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XRF spectrometers with a millimetre-sized beam,
which was developed in the Department of Chem-
ical Dynamics at the Vinca Institute in Belgrade
and is specifically intended for the analysis of
cultural heritage objects. The EDXRF spectrom-
eter consists of an air-cooled X-ray tube (Oxford
Instruments, Rh-anode, max 50 kV, 1 mA) with
a pinhole collimator and a Si-PIN characteristic
X-ray detector (6 mm?*/500 mm, Be window, 12.5
mm thick), connected to a DSP (X123, Amptek
Inc.) for spectrum acquisition. Two laser pointers
were used for the correct positioning of the anal-
ysed sample at the point of intersection of the in-
cident beam and the axis of the detector (Fig. 5).
The experimental conditions were as follows: 40
kV - no filter, 800 pA and measurement time 100
s. These parameters were kept constant during all
measurements.

Fig. 5. Detail of an EDXRF spectrometric examination
of the dark red pigment on a fragment of a wall painting
(Photo by M. Gaji¢ Kvascev).

Fourier transform infrared spectroscopy
(FTIR). Infrared (IR) spectroscopy is a frequent-
ly used instrumental technique with a developed
methodology for examining materials of cultural
heritage objects. In a similar way to XRF spectrom-
etry, an initial excitation induces a physical effect
in the examined material and the consequences of
such an event are monitored. Fourier transform
infrared spectroscopy, FTIR, is most commonly
used for a qualitative analysis of a wide range of
organic and inorganic samples, and is also suitable
for archaeological and museum objects because it
requires a very small amount of the sample, and
there are also instrumental solutions that make
this analysis completely non-destructive for the

tested material. Three areas of electromagnetic ra-
diation can be used for material excitation:near in-
frared, 13000-4000 cm™, mid infrared, 4000-200
cm’’, which is most often used for testing mate-
rials of cultural heritage objects, and far infrared,
20°-10 cm™. By detecting the vibrational chang-
es of the atoms around the balanced position in
the molecule, one can talk about the crystalline or
non-crystalline mineral properties of the exam-
ined material. This technique is multi-informative,
and can also be used in the field for in situ analy-
ses. The result of such an analysis is an extremely
complex spectrum that requires multiple levels of
processing and comparison with a spectrum da-
tabase in order to determine the composition and
characteristics of the material, based on the posi-
tion and shape of certain spectral areas.

Raman spectroscopy. Raman spectroscopy is
another instrumental technique that can be im-
plemented in non-destructive modes of opera-
tion. As with FTIR analysis, Raman spectroscopy
enables analyses of both inorganic and organic
materials (identification of pigments, bearers and
binders, precious stones, etc.) (Gruji¢-Brojcin et
al. 2013, 111-117; Paternoster et al. 2005, 21-28).
The basic principle of Raman spectroscopy is very
similar to infrared and these two techniques are
considered complementary in terms of the result
obtained by these analyses. In Raman spectros-
copy, the excitation is achieved by a laser beam,
with the inelastic scattering on molecules of the
examined material allowing a determination of
their structure. Some of the advantages of Raman
spectrometry are the fact that it is non-destruc-
tive, non-contact, it can be performed in air and
without sample preparation, although there are
versions of instruments for which analyses are
performed in a non-invasive way and in situ. A
simple analytical procedure, short analysis time,
very small areas that can be analysed (e.g., the size
of a pigment grain) are some of the characteris-
tics of this method. The resulting spectrum is an-
alysed though comparison with reference spectra
from spectrum databases. A special database of
reference spectra has been developed for the ap-
plication of Raman spectroscopy for analyses of
cultural heritage objects. The application of this
technique has yielded significant results in the
characterisation and identification of pigments,
results that have led to a better understanding of
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the nature of colour degradation, also in the study
of material stratigraphy, the study of the state of
conservation of the substrate or, for example, the
characterisation of new restoration products.

RESULTS OF THE EXAMINATIONS
OF FRAGMENTS

Seven fragments of wall paintings were selected
for the examination using the EDXRF spectromet-
ric non-destructive technique for pigment analy-
sis (Fig. 6). Figure 7 shows that iron and calcium
were detected in the sample as main elements and
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Fig. 6. Non-destructive examinations of pigments on
fragments were performed in places marked by dots on
the picture (Photo by K. Ponjavi¢ ).

potassium, titanium and manganese as trace ele-
ments. This EDXRF spectrum is characteristic of
earth pigments, which suggests, in this case, that
red earth was used as a painting pigment. It can
be seen in Figure 8 that the same composition of
chemical elements is present in the point recorded
on the ochre colour (iron and calcium in addition
to potassium, titanium and manganese, which are
present in traces). This elemental composition
suggests the use of yellow ochre, another pigment
from the range of earth pigments. By comparing
these two spectra (Fig. 9), we see that the calci-
um intensity is slightly higher in the EDXRF spec-
trum recorded on ochre, while the height of the
iron peak remains constant. This result suggests
that there may be a difference in the thickness of
the ochre layers and the dark red painted layer. A
spectrum was recorded on sample B (Fig. 10), in
which chemical elements were identified, indicat-
ing that an earth pigment, green earth, was used
(Fe, Ca as main elements, and K, Sr, Ti and Mn
as trace elements). Similar to fragment B, the ele-
mental composition of the pigments analysed on
fragments C and G indicates the use of an earth
pigment, green earth (Fig. 11). The difference in
the height of peaks of the main chemical elements,
iron and calcium, and the visual evaluation of the
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Fig. 7. EDXREF spectre of fragment A, red pigment.
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Fig. 9. Comparative EDXRF spectres of fragment A, dark red and ochre pigment.

shade of the analysed spot indicate a mixing of
the green pigment with, most likely, a darker pig-
ment that does not change the EDXRF spectrum
(black pigment). The heights of calcium peaks in-

dicate different thicknesses of painted layers on
these fragments. The EDXRF spectrum recorded
on fragment F can serve as a reference spectrum
for mortar (Fig. 12). Considering the height of the
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Fig. 11. Comparative EDXREF spectres of fragments B, C and G, green pigment.

iron peak, this chemical element can be consid-
ered a “companion” of the materials that make up
the mortar. The height of the peak at an energy
level of 2.3 keV indicates the use of calcium car-

bonate, chalk. The EDXRF spectrum recorded on
the red part of fragment D, which is lighter in tone,
indicates that cinnabar was used. Aside from the
characteristic elements of mercury and sulphur, of
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Fig. 13. EDXREF spectre of fragment D, red pigment.

which the cinnabar pigment consists, calcium was  The darker red tone on fragment D consists of iron
also detected as a main element, as well as titani- and lead as the main elements, which can help de-
um, copper (which can be a companion of cinna- termine which red pigment was used (Fig. 14).
bar from cinnabarite ore) and strontium (Fig. 13). It can be deduced that two pigments were used,

155



Archaeology and Science 18 (2022) Ponjavi¢ et al. - Application of archeometric...(145-164)

Church of St. Nicholas in Baljevac
4000 T T T T T T
EDXRF spectrum
Fragment Iy
3500 Red pigment

J000

5 10 15 20 25 30 35
Energy [keV]
Fig. 14. EDXREF spectre of fragment D, red pigment.

=i R -,—."a.-..v':én.u.:
Es MARTER

Fig. 15. Sample 1, mortar with no traces of colour. Cross-section of the sample with a magnification of ca 180x, without
a painted layer on the surface (Photo by T. Tripkovi¢).
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Fig. 16. Sample 1, FTIR mortar spectre shown in parallel with the calcite spectre.
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Fig. 17. Sample 2, red painted layer. Cross-section of the sample with a magnification of ca 350x (Photo by T.
Tripkovic).
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Fig. 18. Raman spectre of the white layer from sample 2 shown in parallel with the calcite spectre.
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Fig. 19. Raman spectre of red pigment particles from sample 2 shown in parallel with the iron (III) oxide spectre.
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earth red (as indicated by the trace elements K, Ti
and Sr), as well as red lead — minium (with Cu and
Zn as elements that can accompany lead).

In addition to these non-destructive analyses,
optical microscopy and infrared spectroscopy
(FTIR spectroscopy) were performed on one mor-
tar sample (Fig. 15).* On the basis of the appear-
ance of the cross-section of the sample, it can be
concluded that the mortar is made of both a lime
binder and limestone aggregate (Fig. 16). Based
on the FTIR spectrum, it can be concluded that
the composition of the mortar is calcareous (cal-
cium carbonate) and that it contains aggregates
of the same chemical composition. This analysis
confirmed the XRF spectrometry findings, name-
ly, that chalk was used.
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using optical microscopy (Fig. 20). The result (Fig.
21) showed an interesting stratigraphy, which en-
ables us to discuss the painting technique and the
mixing of pigments. Two layers of paint are clearly
visible on the cross-section of sample 3. The first
layer above the fresco mortar contains more par-
ticles of red ochre (iron (III) oxide), while there is
a whitish layer on the surface containing a smaller
concentration of red ochre mixed with calcium
carbonate.

Optical microscopy, as well as Raman spec-
troscopy, are excellent methods (when it is possi-
ble to take a sample) for identifying pigments that
have chemical elements in their composition that
cannot be detected by non-destructive XRF spec-
trometry, such as with parts of materials painted

3

Fig. 20. Sample 3, red or blue painted layer with a white coating. Cross-section of the sample with a magnification of ca
350x (photo by T. Tripkovi¢).

Another sample was analysed using destruc-
tive Raman spectroscopy and optical microscopy
(Fig. 17), in order to learn about the painting tech-
nique and confirm the use of an iron-based red
pigment. The cross-section of sample 2 is charac-
teristic of the fresco technique. A darker layer of
deposited impurities can be seen on the surface of
the painted layer. On the basis of the Raman spec-
troscopy of the sample, it was determined that cal-
cite, calcium carbonate, is present in the substrate
(mortar) (Fig. 18), while red ochre was used as a
red pigment for painting - iron (III) oxide (Fig.
19). Another sample of red paint was analysed by

4 We would like to thank PhD Tatjana Tripkovi¢,
chemist, adviser at the Republic Institute for the Protection
of Cultural Monuments of Serbia - Belgrade for providing
the results of the following analyses: optical microscopy,
infrared spectroscopy and Raman spectroscopy.

black, as was the case with the sample in Fig. 21.
The cross-section of the sample in Fig. 21 is char-
acteristic of the fresco technique. The painted layer
consists of black particles diffused into the layer of
fresh plaster, so they give the appearance of a dark
blue coloured layer. Using Raman spectroscopy; it
was determined that the black pigment particles
are amorphous carbon by composition (Fig. 22).
By means of the analytical techniques applied,
it was discovered which aggregate was used for the
preparation of the mortar, as well as which chem-
ical elements and chemical compounds made up
the pigments used for the wall paintings from
the 13" century in the Church of St. Nicholas, in
Baljevac. The composition of the mortar is lime
(calcium carbonate) and it contains aggregates
of the same chemical composition. Calcium car-
bonate was also used to lighten the tone of some
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Fig. 21. Sample 4, black. Cross-section of the sample with a magnification of ca 350x (photo by T. Tripkovi¢).
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Fig. 22. Raman spectrae of the black layer in sample 4 contains peaks typical of amorphous carbon.

pigments, by being mixed with them. The most lighter red tones.
commonly used pigments are earth pigments of
all colours: red - red earth, hematite, ochre - yel-
low ochre, brown - ochre and green - green earth.
Darker red tones were obtained using red lead
pigment — minium, while cinnabar was used for
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CONCLUSIONS

At the end of the 20™ century, a wide-spread ap-
plication of analytical techniques in the field of the
study and protection of cultural heritage began in
the world, resulting in a wide range of data on the
physical-chemical composition and origin of various
materials. In the past decades, during the research of
wall paintings from both the Roman and the medi-
eval period in the territory of Serbia, the emphasis
was often on iconography and the archaeological
context. In the past, analyses of materials were not
available, and cooperation between experts from dif-
ferent fields in the process of the study and protec-
tion of the cultural heritage was rare. At that time,
one could only guess at which pigments were used,
based on the knowledge of painting technology.
However, such conclusions were often wrong.

By means of physical-chemical analyses, it is
possible to obtain exact data on pigments used.’
The techniques applied in the analysis of paint-
ed layers are varied, and the following were used
in this paper: pEDXRE, FTIR, and Raman spec-
trometry, as well as OM. For experts dealing with
cultural heritage protection, it is most important
to know what certain analytical techniques can
reveal. Often, it is not necessary to apply a large
number of different techniques, but rather to have
a clear goal and choose those techniques that can
provide the necessary data. Through a compari-
son of the results obtained by applying the afore-
mentioned analytical techniques with knowledge
from the field of painting technology, archaeology,
history of art and architecture, scientifically in-
valuable conclusions can be reached (Mora, Mora,
Philippot, 1984, 22). In order to obtain the most
accurate results possible, it is important to choose
an adequate sample, and to keep in mind that any
information obtained from the sample must be
additionally confirmed. It was noticed that sam-
ples with pure, intense and thicker colour layers
yielded better results than lazure.

When it comes to the fragments from the
Church of St. Nicholas, in Baljevac, the following
colours were detected by visual observation: light

5 For some of the first works on the analysis of
painted layers from the Roman period in Serbia, see Rogi¢
et al. 2012 and the unpublished PhD thesis by D. Rogic¢,
“Tehnologija anti¢kog slikarstva na teritoriji Srbije” [Tech-
nology of antique painting in the territory of Serbia], 2014.

and dark red, orange, pink, blue, green, various
shades of ochre and brown, white and black, as well
as various shades of mixtures of these colours. By
using the analytical techniques of pPEDXRE Raman
and FTIR spectrometry, it was concluded that the
following pigments were used during the painting
of the second phase of the Church of St. Nicholas,
in Baljevac: yellow ochre, red earth, cinnabar, red
lead, green earth, lime white and charcoal black.
Unexpected results were obtained in two blue
samples. Green earth was detected in one sample.
Green earth can also have a bluish hue. In the case
of the second sample, which seemed blue, it was
concluded, on the basis of the obtained results,
that charcoal black was used, making it seem blue
due to the fresco technique and calcium carbonate.
Iron oxide red - red earth with cinnabar and red
lead, was also combined. The mortar consists of a
limestone aggregate. Based on the cross-section of
the fragments and microscope recordings, it can
be concluded that the fresco painting technique
was applied. The best comparison references for
pigments from a similar period are those that were
used to paint the monastery of Zi¢a.® Almost the
same pigments were detected, the only difference
being that no lapis lazuli was detected on the frag-
ments from the Church of St. Nicholas, in Baljevac.
It was interesting to note the use of cinnabar, a very
precious and expensive pigment, even in the 13%
century, which could represent additional research
related to the historical and artistic context of these
fresco paintings. Another finding that would be
interesting for further research of these materials
are the impurities from which elements detected in
traces in the EDXRF spectrum of minium originate.
By revealing information on the admixture types, it
would be possible to discuss the technique of ob-
taining this pigment.
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REZIME

PRIMENA ARHEOMETRIJSKIH
TEHNIKA U ISTRAZIVANJU ZIDNIH
SLIKA NA PRIMERU FRAGMENATA
FRESKO SLIKARSTVA IZ CRKVE
SVETOG NIKOLE U BALJEVCU

KLJUCNE RECI: EDXRF, FTIR, RAMANSKA SPEK-
TROSKOPIJA, ZIDNE SLIKE ARHEOMETRIJA,
KULTURNO NASLEPE, FRAGMENTI, PIGMENTI,
CRKVA SVETOG NIKOLE U BALJEVCU.

U radu su prikazane analiticke tehnike i rezu-
Itati koji su dobijeni njihovim kori$¢enjem prili-
kom ispitivanja izabranih fragmenata zidnih slika,
pronadenih u Crkvi Sv. Nikole u Baljevcu. Prili-
kom arheoloskih istrazivanja crkve, u Jami br. 1,
koja se nalazila u prostoru naosa, pronadeni su
fragmenti zidnog slikarstva datovani u XIII vek.
Odabrano je nekoliko fragmenata razli¢itih i ¢istih
tonova za ispitivanje sastava maltera i pigmenata,
kao i tehnike oslikavanja.

Analiti¢ke tehnike koje se primenjuju u ispi-
tivanju zidnog slikarstva mogu biti nedestruktivne,
mikrodestruktivne i destruktivne. Nedestruktivne
i mikrodestruktivne analiticke tehnike su poZeljne
u radu sa arheoloskim i muzejskim materijalom.
Tehnike koje se primenjuju za analizu bojenih
slojeva su raznovrsne, a u ovom radu su koriscene:
pEDXRE, FTIR, i Ramanska spektrometrija, kao i
OM. Za strucnjake koji se bave zastitom kulturnog
nasleda najbitnije je da znaju Sta pojedine anali-
ticke tehnike mogu otkriti. Cesto nije neophodno
primeniti veliki broj razli¢itih tehnika, ve¢ imati
jasan cilj i izabrati one tehnike koje nam mogu
obezbediti potrebne podatke. Da bi rezultati bili
§to tacniji, vazno je odabrati adekvatan uzorak.
Poznato je da su uzorci ¢istih, intenzivnih i debljih
slojeva boja daju jasnije razultate nego oni sa la-
zurnim slojevima.

Kod fragmenata iz Crkve Svetog Nikole u
Baljevcu, upotrebom analitickih tehnika pEDXRE,
Ramanska i FTIR spektrometrija, zakljuc¢eno je da
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su pri oslikavanju druge faze crkve kori$ceni sle-
dedi pigmenti: Zuti oker, crvena zemlja, cinober,
olovno crvena, zelena zemlja, kre¢no bela i crna
od uglja. Malter je po sastavu krec¢ni (kalcijum
karbonat) i sadrzi agregate istog hemijskog sas-
tava. Kalcijum karbonat je kori$c¢en i za posvetl-
javanje tona nekih pigmenata, tako §to je mesan s
njima. Na osnovu popre¢nog preseka fragmenata
i snimanja pod mikroskopom moze se zakljuditi
da je primenjena fresko tehnika slikanja.

Kod dva uzorka plave boje dobijeni su ne-
ocekivani rezultati. Kod jednog od njih je de-
tektovana zelena zemlja. Kod drugog uzorka, ¢ija
je boja oznadena kao plava, na osnovu dobijenih
rezultata zaklju¢eno je da je kori¢ena crna-uglje-
nik, koja zbog fresko tehnike i kalcijum karbonata
stvara privid plave boje. Crvena boja - od oksida
gvozda je kombinovana sa cinoberom i olovno
crvenom bojom. Najbolju analogiju za poredenje
sa pigmentima iz slicnog perioda predstavljaju
pigmenti kori$¢eni za oslikavanje manastira Zica.
U ovom manastiru su detektovani skoro isti pig-
menti kao na ispitivanim fragmentima, osim lapis
lazulija, koji je odsutan na fragmentima crkve u
Baljevcu.

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u ¢asopisu mogu se besplatno preuzeti sa sajta
i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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ABSTRACT

The research considers the effects of chemical cleaning of metal archaeological artefacts, made of silver,
copper, bronze, lead and iron, from the archaeological sites in modern Serbia of Felix Romuliana (Gamzi-
grad) in the vicinity of Zaje¢ar and Gradina (Jelica) near Cacak. Due to various corrosive products, ar-
tefacts were treated with different chemical solutions: citric acid, ethylenediaminetetraacetic acid sodium
salts: EDTA-Na, and EDTA-Na,. Corrosion products and surfaces before chemical treatments as well as
products on various metal artefacts after chemical treatments were observed by SEM-EDS microanalysis.
As expected, the EDTA-Na, solution removed all lead corrosion products (carbonates) within a very short
period of time, whereas citric acid was most efficient in removing copper corrosion products (malachite,
cuprite). As for the EDTA-Na, solution, impurities and corrosion products of silver (oxides) and copper
(malachite and cuprite) were gradually removed, whereas the solution was partially selective in the silver
sample. In iron deposits, corrosion layers such as goethite and magnetite were unevenly removed using the
EDTA-Na, solution and citric acid. This research provides insights into the efficiency and risk estimation of
the chosen chemical treatments, including the transformation of corrosion products, formation of chemical
residual substances and the physical effects of the treatments.

KEYWORDS: SEM-EDS ANALYSIS, METAL ARTEFACTS, CORROSION, CONSERVATION.

165



Archaeology and Science 18 (2022)

Bogojevi¢ et al. - The efficiency of chemical...(165-182)

INTRODUCTION

Archaeological metal artefacts can be exposed
to complex physical and chemical decaying pro-
cesses from the moment of production until the
time of excavation or restoration. These physi-
cal-chemical processes induce various decaying
processes, from the formation of layers of corro-
sion to a complete transformation (mineralization)
into corrosion products (Schweizer 1994; Bertho-
lon 2007). Deposits of both organic and inorganic
composition are present on metal artefacts, and
the latter, such as carbonates, oxides, hydroxides,
phosphates, sulphides, sulphates, silicates, etc., are
more difficult to remove (Gerwin and Baumhauer
2000; Kibblewhite et al. 2015). The choice of clean-
ing method is crucial for the effective preservation
of the artefacts, since the cleaning is an irrevers-
ible reaction and it is, therefore, the most sensitive
part of the conservation treatment (Casaletto et al.
2008). Cleaning methods are selected according
to the physical, chemical and structural nature of
both the original material of the artefact and the
material that should be removed. By applying an
appropriate cleaning technique and respecting
the relevant ethical codes, i.e., the preservation of
the cultural, historical and aesthetic value of the
artefact (Brandi 2000), the stability and aesthet-
ically acceptable form of the artefacts should be
achieved.

Chemical cleaning is frequently applied in the
corrosion treatments of metal artefacts with the
purpose of removing deposits that occur in the
form of massive corrosion products and impuri-
ties. It is especially used when the metal matrix of
the artefact is highly preserved. Chemical clean-
ing is based on the use of chemical agents partial-
ly dissolving impurities and corrosion deposits,
then rinsed and removed. The choice of solvents
or solutions needs to be highly selective because
only excess layers should be removed, whereas the
original material and the structure of the artefact
should be preserved. The excess layers are gradu-
ally removed, even in the case of inaccessible parts
of the artefact, without any risk of causing sudden
mechanical damage that may occur during me-
chanical cleaning (Pearson 1988; Bertholon and
Relier 1990; Meyer-Roudet 1999; Cronyn 2004;
Rodgers 2004; Selwyn 2004a). During the appli-
cation of chemical methods, chelation agents have

proved to be highly efficient in removing corrosion
products and other impurities. During surface
adsorption of chelate, the chelate binds specific
metal ions, thereby releasing chelating complexes
into the solution and weakening the structural in-
tegrity of the corrosion products (Meyer-Roudet
1999; Cronyn 2004; Casaletto et al. 2008; Abd-Al-
lah 2013).

The disadvantage of chemical cleaning is
reflected in the higher effort required in the
control of chemical processes. It could signifi-
cantly reduce the possibility to preserve any
patina and protective layers. Also, the extent
of the safe impact of chemical cleaning on cer-
tain parts of the artefacts, such as their orig-
inal surface (metal substrate), is still uncer-
tain. This is especially significant in the case
of heterogeneous corrosion. Additionally, re-
sidual compounds that can cause dissolution
or oxidation of metals may also occur, and
thereby endanger the stability of the artefact.
As chemical solutions act in microcracks, the
integrity of artefacts can be endangered after
the removal of corrosion products. Moreover,
the residual substances can affect the stabili-
ty of artefacts due to inadequate rinsing after
chemical cleaning (Pearson 1988; Bertholon
and Relier 1990; Meyer-Roudet 1999; Cronyn
2004; Rodgers 2004; Selwyn 2004a).

This research was performed on several se-
lected archaeological metal finds from two ar-
chaeological sites in Serbia: Felix Romuliana
(Gamzigrad) in vicinity of Zajec¢ar and Gradina
(Jelica) nearby Cacak, different in function and
form, and made from various types of metals
(silver, bronze as a copper alloy, lead and iron).
The research aims to present all steps in the
application of chemical treatments in the con-
servation process of metal artefacts, such as the
analyses used for the determination of the con-
dition of the artefact before treatment, the char-
acterisation of the corrosion products, and the
determination of the chemical cleaning surface
effects before, during and after chemical clean-
ing. It includes non-destructive macroscopic
examination, X-ray (radiography) image analy-
sis, optical microscopy, and SEM-EDS analysis.
The samples were treated with different chem-
ical solutions, depending on the type of metal
and corrosion products (citric acid, ethylenedi-
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aminetetraacetic acid sodium salts, EDTA-Na,
and EDTA-Na,).

This research shows the importance of choos-
ing the appropriate chemical treatments, which is
crucial for the both the efficiency of the cleaning
process and the preservation of the artefacts. Fur-
thermore, the research highlights the importance
of traditional cleaning methods as part of the con-
servation process of the metal artefacts, which are
easily available and applicable in the laboratories
of local museums and institutions for the preser-
vation of archaeological heritage.

FELIX ROMULIANA AND GRADINA
SITES

Felix Romuliana (Gamzigrad) is an archaeo-
logical site with a continuity of life from the Neo-
lithic to the Middle Ages, yet best known for the
remains of a monumental fortified imperial res-
idence from the beginning of the 4" century AD
(Fig. 1a). In 2007, it became the first archaeologi-
cal site in Serbia to be listed as a UNESCO cultural
monument (Cpejouh 1983; ITonosuh 2010). Af-
ter excavations conducted in the second half of the
20" century, which were concentrated on the pal-
ace itself, research based on geophysical methods,
started in 2004 in cooperation with the German
Archaeological Institute, revealed the presence of
a number of architectural units around the palace,
which have yet to be examined in detail (Biilow et
al. 2009; Pop-Lazi¢ et al. 2014).

Thirty years of exploration of Gradina on Mt
Jelica have shed light on the life of an early Byzan-
tine city (6" century AD) that was an important
regional centre of the Central Balkans (Milinkovi¢

2017) (Fig. 1b). Five churches and dozens of resi-
dential and economic buildings, as well as kilome-
tres of ramparts have been unearthed so far. The
daily life of the inhabitants of this urban settle-
ment is documented by numerous finds of ceram-
ic and glassware, some of which represent imports
of Eastern origin (North African or Eastern Med-
iterranean). In addition, a large number of iron
and bone tools were found, some of which were
certainly produced in Gradina itself. Lead objects
and lead as a raw material (ingots, lead strips) are
relatively common finds in Gradina (Milinkovié
2017).

SAMPLES AND METHODS
Samples

From a total of 35 available metal archaeologi-
cal finds excavated at the sites of Felix Romuliana
and Gradina, seven were selected and stored in
the depots of the National Museum Zajec¢ar and
the National Museum in Cacak under stable con-
ditions after archaeological excavation and field
cleaning (partial removal of soil). This includes
the following samples: No. 1 - silver part of a
bronze necklace - catch, No. 2 - part of a bronze
brooch - pin, No. 3 - bronze coin, No. 4 - part of
an iron key, No. 5 - iron fitting from a bag, No.
6 — fragment of a fitting - lead and No. 7 - lead
plate. Samples Nos. 1, 2, 3, 4 and 5 belong to the
Felix Romuliana site, whereas samples Nos. 6 and
7 are from the Gradina site, from the excavation
of the Upper Town (Table 1). During the selection
of the investigated collection of samples, the main
adopted criteria were the diversity of the artefacts’

Fig. 1. Appearances of the archaeological sites: (a) Gamzigrad - Felix Romuliana (photo: K. Sari¢), (b) Gradina - Jelica,
(Narodni muzej Cagak, Gradina na Jelici, https://www.cacakmuzej.org.rs/gradina_na_jelici.html, accessed October
13th, 2022).
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Sample Material Sample Archaeologi- Item, field Manufactur-
label cal site number (C), di- | ing technique,
mension (cm) age*
1 Ag Gamzigrad- silver part of a hammering,
Romuliana; bronze neck- bending;
(Cauirm—— Necropolis IlI lace, catch; second half of
C1036/12; 4th -5t century
(3.27 x 0.58 x
0.64)
2 Cu-Sn Gamzigrad-Ro- | part of a bronze | casting, bend-
muliana; North- brooch pin; ing;
’——_ ern rampart C1233/12; 6™ century,
(length 6.88; Early Byzantine
spring 0.96) Period
3 Cu-Sn (B Gamzigrad- bronze coin; hammering;
. Romuliana; C8/14; M. Aurelius
Tower 15 (R-2.07) Probus (276-
282)
4 Fe Gamzigrad-Ro- | partof aniron hammering;
"fih muliana; North- key; Late Antiquity
’\‘ - ern settlement C1093/11;
(length 7.59;
ring end: 1.36)
5 Fe Gamzigrad- bag fitting out hammering;
Romuliana; of iron and bags; 6™ century,
*,J’ Tower 15 C13/13; Early Byzantine
(10.68 x 1.98 x Period
0.34)
6 Pb Gradina - fragment of a casting;
Jelica; fitting - lead; 6™ century,
‘ Building Il C 8/96; Early Byzantine
(3.62 x 2.99 x Period
0.29)
7 Pb B N B Gradina - Jelica lead plate; casting;
C94/15; 6th century,
- (4.06x2.22x | Early Byzantine
0.46) Period

* Data on the technique of making the object and age are taken from the unpublished fund material of the National
Museum Ca&ak
Table 1. Description and origin of samples, applied techniques and dating

composition, the degree of preservation of the
metal matrix and the heterogeneity of the corro-
sion products.

Optical examination
Optical examinations were conducted in the

Laboratory for Conservation and Restoration of
the National Museum in Cacak. The method ap-

plied in the research included macroscopic and
microscopic analysis, involving the use of lenses of
different magnification and an optical microscope
of the Carl Zeiss type (Jena).

Radiography
Radiographic methods such as X-rays and mam-

mography were used to determine the degree of met-
al matrix preservation, which is one of the prerequi-
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sites for the application of chemical cleaning (Jones
2006). The X-ray results provide more accurate in-
formation about the original shape and surface de-
tails of the studied artefacts, that are hidden below
the corrosion products. Comparative X-ray analyses
were performed only for the iron samples, being the
most damaged items in the collection (Nos. 2, 4, 5),
using a SIEMENS Multix Fusion analogue X-ray sys-
tem, digital Shimadzu FLEXAVISION X-ray system,
and Siemens MAMMOMAT 1000 digital mammog-
raphy system. The recording conditions were as fol-
lows: for the analogue X-ray system 81 kW and 0.93
mAs; for the digital mammography system 81 kW
and 0.91 mAs, whereas for the digital X-ray system
samples were recorded under various conditions:
9 kW and 1 mAs (sample 2), 54 kW and 4.3 mAs
(sample 4) and 54 kW and 4.9 mAs (sample 5). The
radiographic investigations were conducted in the
Radiology Department of the Cacak Health Centre.

SEM-EDS analysis

The surface morphology and chemical com-
position of the samples were analysed before and
after chemical cleaning. The analyses were carried
out in the SEM-EDS Laboratory at the Universi-
ty of Belgrade - Faculty of Mining and Geology,
using a JEOL JSM-6610LV scanning electron mi-
croscope that was connected to an X-Max energy
dispersive spectrometer (SEM-EDS system). The
images presented in the paper were obtained using
secondary electrons (SE) and backscattered elec-
trons (BSE) detectors. A tungsten filament was
used as the electron source. The samples were not
coated with carbon or gold, as metal objects are
electrical conductors. Semi-quantitative chemical
analyses of the samples before and after the chem-
ical treatment were conducted, both on a selected
area and in a specific spot of interest of the sample
surface. Quantification of the elements was con-
ducted using internal standards, and all analyses
were normalized at 100%. The detection limit for
all the analysed elements was approximately 0.1
wt.%. The content of light elements (atomic num-
ber from 1 to 5) was not determined.

Preliminary cleaning tests

Preliminary (spot) cleaning was conducted on
bronze and lead finds using small wooden tools

combined with distilled water and ethanol. The
cleaning process was carried out on the selected
minimal surfaces of finds (spot tests) in order to
determine the preservation degree of the metal
substrate, or the possible presence of metal coat-
ing on bronze finds.

Chemical cleaning method

Three substances were selected for chemical
cleaning of the artefacts — citric acid (CH,O,-H,0,
Fisher Chemical) and disodium and trisodium salts
of ethylenediaminetetraacetic acid (EDTA-Na,:
EDTA-Na 2H,O, Fisher Chemical; EDTA-Na,:
EDTA-Na,xH,O, Acros Organics). The aqueous
solutions were prepared with distilled water HPLC
(Fisher Chemical) for all samples. Table 2 shows
the concentrations and pH values of the selected
solutions in detail. An AQUALYTIC - AL15 Set
pH/Con instrument was used for determining the
pH values of the solutions.

Chemical treatments were carried out in four
daily cycles/chemical baths (4 days, 5 hours/one
bath cycle). In the bronze sample (No. 3) and in
the lead finds, the application period of two clean-
ing baths was affected by the nature of the corro-
sion products and the efficiency of the solutions,
whereas the treatment of sample No. 6 was in-
terrupted on the second day after two and a half
hours. Without running the risk of damaging the
metal matrix, a solution of higher concentration
was initially applied on the iron sample No. 4 in
order to accelerate the removal of hard surface
corrosion products incorporated with addition-
al substances from soil particles. The volumes of
the solutions were from 100 to 200 cm® and were
determined according to the size of the artefact
(the artefacts were completely immersed in the
solution). The treatment employed slight heating
(the temperature of the magnetic stirrer — Hei-
dolph Instruments, Hei-Standard ranged between
30 and 50 °C) with occasional solution stirring.
Moreover, after daily chemical treatments, the soil
deposits and encrustations, as well as surface cor-
rosion products, were removed with cotton gauze
in order to eliminate partially separated and dis-
solved corrosion products. Metal tools were not
used in this phase, in order to avoid contamina-
tion and interference of the results.
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Sample / Composition Chemical solution Concentraction pH value
(T=30-50°C) (%) (T=25°C)
1/Ag EDTA - Na, 9.09 6.85
2/Cu-Sn EDTA - Na, 9.09 6.85
3/Cu-Sn citric acid 4.74 1.40
4/Fe citric acid 9.01 1.83
citric acid 4.74 2.24
5/Fe EDTA - Na, 6.50 3.93
6/Pb EDTA - Na, 6.50 3.90
7/Pb EDTA - Na, 6.50 3.90

Table 2. Concentrations and pH values of selected solutions for cleaning metal artifacts

At the end of each cycle and after the final
cleaning, a brief rinsing of the artefacts was car-
ried out in slightly heated distilled water until
a neutral reaction was achieved. The next step
was drying in ethanol and acetone baths. A brief
rinsing was carried out to avoid the possibility
of interference of the chemical cleaning results.
Interference of the results, or the formation of
new compounds in the form of films or coat-
ings, occurs if the artefacts are immersed in
distillate water for a longer period. This par-
ticularly refers to the previously mentioned
lead artefacts, on which a thin corrosion film is
quickly formed in distilled water in the presence
of dissolved gasses. Therefore, rinsing must be
carried out in the shortest possible time (Selwyn
2004a). The artefacts were dried and stored in
polyethylene zip bags, where they remained un-
til the beginning of a new cycle of the SEM-EDS
analysis.

RESULTS
Optical observations before treatments

An optical examination, both macroscopical
and microscopical, indicated complete surface
corrosion over all of the selected samples; ad-
ditionally, layered corrosion had developed on
the iron, bronze and lead findings. Although the
items were stored for many years after excavation
without any conservation, their stable condition
was noted (the effect of active corrosion is not
noticeable). The presence of impurities, like soil
remains, was detected on the surface of all the ar-

tefacts. These particles are incorporated within the
structure of the corrosion products (transformed
medium) in the iron and lead findings.

On the surface of the silver sample No. 1, a
thin, dark, transparent film, typical for silver, to-
gether with partially evident soil remains, was ob-
served. Considering that the finds were not pho-
to-documented immediately after the excavation,
it is not possible to determine whether the dark
film was formed in the soil (e.g., anaerobic condi-
tions with the effect of sulphate-reducing bacteria
activities) or whether it was partially formed after
excavation, as a result of the atmospheric condi-
tions (Bertholon and Relier 1990; Marchand et al.
2014).

On the basis of several parameters, the bronze
coin (sample No. 3) was identified as silver during
the archaeological excavations, even though the
existing corrosion products indicated bronze
(heterogeneous, uneven, corrosion layer with
dark green parts). Soil remnants were also notice-
able on the sample. Nevertheless, the cleaning test
proved that sample No. 3 was made from bronze,
and that it was possible that the coin was coated
in silver, but the majority of the silver layer was
lost over time. The relief structure of the coin is
barely visible. On the bronze brooch-pin (sample
No. 2), an incoherent layer of corrosion products
occurred accompanied with visible soil remains.
This artefact is dominantly featured by various
layers of green shades with the partial appearance
of dark layers.

On both samples made of iron (Nos. 4 and 5),
layered deposits of the corrosion products typical
for iron (shades of dark reddish-brown and or-
ange) were present in both of the examined iron
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finds. The surface of the finds comprises a trans-
formed medium, i.e., a mixture of corrosion prod-
ucts and components from soil.

The optical examination of the lead artefacts
(samples No. 6 and 7) indicated the presence of an
uneven and soft greyish-white layer.

X-radiographic screening

Radiographic images showed that sample Nos.
2,4 and 5 had a highly preserved metal core (Fig.
2). Lighter parts on radiographic images indicate
the presence of the metal matrix, whereas dark
spots represent corroded or mechanically dam-
aged parts of the artefact. The line shapes of the
artefacts are irregular, due to mechanical defor-
mations, damage and corrosion. The alternation
of light and dark parts indicates the impacts of
mechanical damage and corrosion (possibly pit-
ting or some other form of local corrosion).

Chemical cleaning effects - macroscopic
observations and SEM-EDS analyses before
and after the treatment

The SEM-EDS analysis covered all seven se-
lected finds analysed before and after the chemical
treatment. The targeted parts of the surfaces were
related to both the existing corrosion products
and external material (soil) before the treatment,
and the analysis of the artefact surfaces after the
chemical cleaning.

Silver artefact. Soil particles and other impurities
were removed from the silver find (sample No. 1) in
the EDTA-Na, solution immediately after the first
treatment, which was followed by the appearance

of a smooth surface of the artefact. The intensity
of patina significantly decreased after the first few
treatments with the solution, but it gradually de-
creased later. The surface of the artefact contained
an uneven, transparent film, which could be re-
moved with polishing process.

The concentrations of Si, Al and other ele-
ments (Fig. 3a) before chemical treatment indicate
the presence of aluminosilicate and silicate phases
on the surface of the silver artefact, i.e., soil and
sand remains, whereas the silver basis of the ar-
tefact was most likely covered with a dark film of
silver sulphide — Ag S. Separate chemical analyses
of particles within the aluminosilicate layer indi-
cated the presence of quartz (SiO,), alkali feldspar
(KAISi,O,), albite (NaAlSi,O,), and some clay
minerals.

Almost all the aluminosilicates were removed
after the chemical treatment (Fig. 3b). Neverthe-
less, a thin film of silver sulphide remained un-
altered on a large surface area. Individual spot
chemical analyses, performed on the cleaned sur-
faces, indicated the presence of copper and gold in
low concentrations (below 1%).

Bronze artefacts. Over a long treatment peri-
od of sample No. 2, the EDTA-Na, solution (pH
~ 7) gradually dissolved corrosion products until
the metal matrix was revealed. However, in sam-
ple No. 3, the citric acid solution dissolved almost
all corrosion products in a short period of time.
The surfaces of both artefacts obtained the ex-
pected appearance after chemical cleaning (the
reddish-coloured bronze was covered with a thin
uneven dark film). The cleaning process was com-
pleted with the necessary additional polishing in
order to attain an aesthetically acceptable artefact

Analogous rendgen
b

Sample 2
(Cu alloy)

Sample 4
(Fe)

Sample 5
(Fe)

ol )
g—

Digital rendgen Mamograph

c

[S———]
e
- -

| N

Fig. 2. Radiographic images of the examined samples 2, 4 and 5: a -analogue X-ray system, b - digital Xray system, c -
digital mammography system.
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al | Sample 1}

Fig. 3. BSE images and spectrums of the surface chemical analyses: Sample 1 (silver part of a bronze necklace): a -
before treatment, b - after treatment; Sample 2 (part of a bronze brooch pin): ¢ - before treatment, d - after treatment;
Sample 3 (bronze coin): e - before treatment, f - after treatment.

appearance. In the bronze brooch-pin thread (the
access of the solution to the metal surface was dif-
ficult due to thick corrosion layers), it was neces-
sary to remove the additional corrosion products,
which is usually performed in a mechanical way.
Before chemical cleaning, secondary copper phases
were dominant in the samples of bronze brooch-pin
and coin, and they mainly included copper carbonates
and/or hydrated copper carbonates, such as malachite

(Cu,CO,(OH),) and azurite (Cu,(CO,),(OH),). Be-
sides carbonates, small amounts of copper oxide - cu-
prite (Cu,0) could be traced, whereas the presence of
sulphur (Fig. 3¢c) could indicate some of the copper
sulphate phases. The presence of impurities (alumino-
silicate and calcite) was negligible. After the chemical
treatment, all impurities were removed, whereas the
presence of copper carbonate was insignificant. The
presence of tin (Fig. 3d) in some spot analyses on the
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cleansed needle confirms the hypothesis that the finds
are made of bronze. Besides the previously men-
tioned copper carbonates, an increased amount
of calcite (CaCO,) could be traced on the bronze
coin before the chemical treatment (Fig. 3e). Ran-
dom silver accumulations on the surface of the
coin were also detected (Fig. 3f). Illustration of the
appearance of samples 1 to 3 before and after the
treatment is given in Fig. 4.

Iron artefacts. For the iron items, a solution of
citric acid solution (which had a significantly low-
er pH value than EDTA-Na, solution) proved to
be more efficient. It should be noted that the first
bath of sample No. 4 (a key) was carried out in a

more concentrated citric acid solution, so that the
initial remnants of soil and other materials could
be easily removed. On a large surface area of the
same sample, corrosion products were complete-
ly removed to the metal substrate. Additionally,
a cleaning with a cotton cloth was performed on
the key blade, due to the thin and corroded metal
matrix, which carried a risk of losing the original
shape of the artefact. On smaller surface areas of
sample No. 5, an EDTA-Na, solution removed
corrosion products to the metal matrix. The par-
tially revealed metal surface possesses a charac-
teristic stable silver-grey colour. Secondary iron
phases are most dominant in the iron key sample,

a)

b)

Fig. 4. Tllustration of cleaning effects: Sample 1 (silver part.of a bronze necklace - catch), before (a) and after treatment
(b); Sample 2 (part of a bronze brooch - pin), before (c) and after treatment (d); Sample 3 (bronze coin), before (e) and
after treatment (f) (photos by M. Bojovi¢).
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Fig. 5. BSE images and spectrums of the surface chemical analyses: Sample 4 (part of an iron key): a -before treatment,
b - after treatment; Sample 5 (bag fitting out of iron and bags): ¢ - before treatment, d -after treatment; Sample 6
(fragment of a fitting - lead): e - before treatment, f - after treatment; Sample 7 (lead plate): g - before treatment, h -
after treatment.
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whereas the presence of aluminosilicate is negligi-
ble (Fig. 5a). These phases are most likely present
in the form of a mixture of various oxides and/or
iron hydroxides. Chemical analysis of the surface
after chemical cleaning shows that the aluminos-
ilicates have been removed, whereas the mixture
of oxides and/or iron hydroxides is still signifi-
cantly present (Fig. 5b). Almost identical phases
occurred in the case of the iron bag fitting sam-
ple (sample No. 5), both before and after chemical
cleaning (Figs. 5¢, 5d).

Lead artefacts. As expected, the EDTA-Na,
solutions were highly efficient in removing cor-
rosion products formed on sample Nos. 6 and 7.
In sample No. 6, cleaning was mostly performed
very quickly after the first bath. In the case of
the second lead sample (No. 7), the solution re-
acted a bit slower owing to large recesses as well
as to the deformed and curved structure of the
lead plate. In both artefacts, corrosion products
remained in the cracks. The cleaned surfaces of
both finds were covered with a dark, thin film
formed after the cleaning, i.e., during and after
rinsing, or possibly as an effect of a short atmos-
pheric corrosion. In the case of sample No. 6,
cleaning was completed with the necessary ad-
ditional polishing, which added the appropriate
aesthetic look, whereas sample No. 7 required
additional mechanical cleaning in hard-to-reach
areas, such as recesses and the inner parts of the
curved structure.

On both lead finds, very similar impurities
were found, mostly in the form of various silicate
and aluminosilicate phases (Fig. 5e). After chem-
ical treatment, the surface of the lead finds most-
ly contained lead carbonates - cerussite (PbCO,)
and/or hydrocerussite /Pb,(CO,),(OH),/ - (Fig.
5f). The high concentration of phosphorus may
be related to clayey fractions of the soil (Fig. 5g).
After chemical treatment, lead carbonate crystals
occurred in the cavities of the lead finds. These
crystals displayed orthorhombic symmetry and
this phase is most probably cerussite (Fig. 5h). II-
lustration of the appearance of samples 4 to 7 be-
fore and after the treatment is given in Fig. 6.

The results of the chemical analyses, after the
chemical cleaning of all the treated artefacts, did
not show any trace of characteristic elements that
could refer to any possible residual compounds
(reaction with the examined aqueous solutions).

Table 3 shows the summarised review of the
identified phases, before and after the chemical
treatment for all the studied artefacts.

DISCUSSION

A chemical cleaning treatment with the select-
ed chelating agents was applied on various metal
finds (silver, bronze, lead and iron) from two ar-
chaeological sites in Serbia. As expected, after the
chemical treatment, silicates, aluminosilicates,
and calcite (CaCO,) - as usual constituents of

Sample/composition

Composition of untreated metal

Corrosion products
after chemical treatment

- Cu sulphide

surfaces
Sample 1: - silicates and aluminosilicates
Ag from sand and soil

- Ag sulphide

Samples 2, 3:
Cu-alloy (bronze) sand and soil

- calcite

- silicates and aluminosilicates from

- Cu carbonates and sulphates

- Minor quantity of Cu carbonate

Samples 4, 5: - calcite

- Fe carbonates

Fe - silicates, aluminosilicates and
phosphates from sand and soil
- Fe oxides and hydroxides

- Fe oxides and hydroxides

Samples 6, 7:

Pb - Pb carbonates

- silicates, aluminosilicates and
phosphates from sand and soil

- Pb carbonates

Table 3. Effects of applied chemical cleaning
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a) b)

Fig. 6. Illustration of cleaning effects: Sample 4 (part of an ir(;n_key), before (a) and;fter treatment (b); Sample 5 (iron
fitting from a bag), before (c) and after treatment (d); Sample 6 (fragment of a fitting - lead), before (e) and after
treatment (f); Sample 7 (lead plate), before (g) and after treatment (h) (photos by M. Bojovic).

sand and soil, were almost completely removed metals were also removed from the artefacts.
from all metal finds. Moreover, a significant part Silver artefact. The main dark-greyish second-
of the secondary phases formed from dominant ary phase of the silver find, which was, in addition
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to mechanical impurities, observed before chemi-
cal cleaning, was identified as silver sulphide (Ag,S
— possible phases are acanthite and/or argentite).
The presence of silver sulphide on silver artefacts
is a common corrosion product that usually oc-
curs in the form of a thin, dark film formed in a
reaction with hydrogen sulphide (H.S) or carbon-
yl sulphide (OCS) in the environment, with mois-
ture as an accelerator of reactions (reactions 1 and
2 - Selwyn et al. 1999; Graedel 1992; Polomar et
al. 2016).

(1) 2Ag+%0,+H,S~>AgS+HO
(2) Ag+0OCS~>AgS+CO

Gases, such as hydrogen sulphide and/or car-
bonyl sulphide, which were necessary for the for-
mation of silver sulphide on the examined arte-
fact, most likely originated from the soil. Namely,
the soil is highly significant both as a source and as
a consumer of carbonyl sulphide. This type of gas
plays a key role in the process of photosynthesis,
since it is an analogue substrate of carbon dioxide
(Masaki et al. 2016 and references therein), while
bacteria and fungi release hydrogen sulphide
during the decomposition of proteins that contain
sulphur, as well as through the direct reduction of
sulphates. Moreover, the final metabolic product
of procaryotes that oxidise organic compounds
using sulphate as a terminal acceptor of electrons
is hydrogen sulphide (Lamers et al. 2013).

The analysis of the silver finds after the treat-
ment shows that the silver sulphide was still pres-
ent. However, this result, indicating partial remains
of silver sulphide, was also found in a significant
number of other silver cleaning treatments (Archi
Olsoufieff et al. 2004; Ioanid et al. 2011; Marchand
et al. 2014; Moreno-Sudrez et al. 2016; Palomar et
al. 2016). One of the main reasons this sulphide is
not completely removed is its inability to dissolve in
the slightly acidic environment of the heated EDTA
- Na, solution (Table 2). Low oxygen concentra-
tions without the presence of Si and Al (Fig. 3b), in
the analyses after the treatment, may indicate the
possible presence of silver oxide (Ag,O). However,
it is likely that, during the treatment, silver sulphide
transformed into silver sulphate (Ag,SO,).

Some chemical analyses of the silver find show
low concentrations of copper and silver (before

and after cleaning). Bearing in mind that silver has
often been alloyed with this element, the results of
the analyses are not unusual (Goffer 2007; Artioli
2010).

Bronze artefacts. The applied chemical treat-
ment with citric acid and EDTA-Na, solutions
removed calcite and aluminosilicate in bronze
finds (Fig. 3c), whereas the corrosion products
such as copper carbonates were still present,
but to a lesser extent, after the chemical treat-
ment (Fig. 3d). Given that there are many hy-
drated copper carbonates — malachite /Cu,(CO,)
(OH),/, azurite /Cu,(CO,),(OH),/, marklite /
Cu,(CO,),(OH),-6H,0/, georgeite /Cu,(CO,)
(OH),-6H,0/ etc,, it is difficult to distinguish the
exact phase or phases without the application
of some destructive methods of identification
(e.g. X-ray diffraction analysis). The presence of
sulphur before chemical cleaning may indicate
certain green hydrated copper sulphates, such as
antlerite - Cu,(SO,)(OH),, brochantite - Cu,(-
SO,)(OH), etc. These phases (carbonates and
copper sulphates) may be formed in a reaction
with oxygen, CO, and SO, from the air, in the
presence of water at the place from which the ar-
tefacts originate.

The citric acid solution removed almost all
corrosion products from sample No. 3 in a short
period of time, whereas the EDTA-Na, solution
(pH = 7) gradually removed corrosion products
to the metal matrix from sample No. 2 over a
longer time period. The above-mentioned hy-
drated copper carbonates and hydrated copper
sulphates are mainly dissolved in highly acidic
conditions. Since the slightly acidic EDTA-Na,
solution proved to be more efficient in removing
corrosion products, it is possible that easily sol-
uble secondary phases, e.g., chalcanthite - Cu-
SO,-5H,0, were also formed in these artefacts. In
the natural environment it can be found as a sec-
ondary phase of copper and other metals (Mon-
cur et al. 2015).

The content of tin (Fig, 3), as well as the minor
lead content, identified in some analyses after the
applied chemical treatment, originate from metal
substrate, i.e., from the composition of the bronze
alloy Cu-Sn-Pb (Goffer 2007; Artioli 2010),
whereas the confirmed presence of silver (Figs. 3e,
3f) on the bronze coin shows that the coin was sil-
ver plated.
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Iron artefacts. Small amounts of silicates, alu-
minosilicates and calcite occurring in the iron
finds before the applied chemical treatment were
removed to the greatest extent. Nevertheless, iron
phases which show considerable concentrations
in the form of the mixtures of oxides, hydroxides
and iron carbonates, were still present in significant
amounts in these iron finds (Figs. 5b, 5d). This layer
is commonly called ‘a thick corrosion layer” and it
is characterised by the following phases: yellow-
brownish goethite /aFeO(OH)/ and black-greyish
magnetite (FeO-Fe,O, — Fe,O,) (Neff et al. 2005;
Neff et al. 2007; Wang 2007; Jegdi¢ et al. 2012). Al-
though some chemical analyses of cubic crystals
confirm the presence of magnetite, the complete
identification of all secondary phases could not be
conducted without destructive X-ray diffraction
analysis. The origin of phosphorus found in traces
both in the corrosion layer and the metal substrate
can be related not only to the soil in which the ar-
tefacts were found, but also to the slag inclusion
(Neff et al. 2005). It is less likely that the presence of
phosphorus indicates ferrous phosphate (vivianite)
/ Fe3(PO 4)2-8 H,0/, either blue or white compound,
frequently found in the excavated iron finds located
near sources of phosphorus ions, such as bones or
fish remains, or in the vicinity of landfills that are
full of organic material (Selwyn 2004b). Although
a series of chemical reactions is responsible for the
formation of the corrosion layer, i.e., a mixture of
various phases of iron, a simple mechanism for
the formation of iron hydroxide can be described
through the reaction between oxygen and water on
the metal substrate, i.e., reaction 3.

(3) 4Fe+30, +6H,0 > 4Fe* + 120H
- 4Fe(OH), or 4FeO(OH) + 4 H,O

The main reason for the partial removal of the
iron secondary phases is primarily the thickness
and inhomogeneity of the formed layer, where-
as the long-term and more aggressive treatments
could damage the metal matrix.

Lead artefacts. Uneven greyish-white and
dark grey layers could be clearly seen on the lead
findings before chemical cleaning, possibly due to
contamination with the surrounding soil, or ow-
ing to the effect of atmospheric corrosion after
the excavation (Mattias et al. 1984; Selwyn 2004a;
Schotte and Adriaens 2006). The absence of chlo-

rine and phosphorus shows that the corrosion
phases cannot be constituted by chlorides and sul-
phates, but only by carbonates in the form of or-
thorhombic cerussite (PbCO,) or by rarely found
trigonal hydrocerussite Pb,(CO,),(OH),. It is well-
known that a thin layer of lead carbonates can be
quickly formed under atmospheric conditions in
which the lead is rapidly coated with a thin cor-
rosion layer of monoxide (reaction 4) that reacts
with absorbed carbon dioxide, thereby forming
lead carbonate (reaction 5), or lead carbonate hy-
droxide — hydrocerussite in an additional reaction
with moisture (Selwyn, 2004b; Poli¢ Radovanovi¢
etal., 2010).

(4) Pb (s)+ %O, (g)> PbO (s)
(5) PbO + CO, > PbCO,

After the conducted chemical cleaning, sili-
cates and aluminosilicates were mostly removed,
while the dark greyish layer of lead carbonate oc-
curred on the entire surface area of the lead finds
(Fig. 5f). Plated orthorhombic crystals (Fig. 5h),
formed in the cavities, indicate that lead carbonate
occured in the form of cerussite.

CONCLUSIONS

The paper presents an analysis of the reactiv-
ity and efficiency of the chosen chelating agents
(EDTA-Na, and EDTA-Na,) and citric acid in
the process of conservation treatments of metal
archaeological artefacts made of silver, bronze,
iron and lead. The chemical composition and the
distribution of chemical elements on the surface
of the artefacts before cleaning indicate the pres-
ence of characteristic corrosion products as well as
some other foreign matter (soil).

As expected, the EDTA-Na, solution removed
the lead corrosion products within a very short
period of time, whereas citric acid was most ef-
ficient in removing copper corrosion products.
Both solutions show a low level of selectivity and
control, which further supports the fact that they
can be mostly used for removing hardly soluble
surface layers or entire corrosion layers. The reac-
tivity of the EDTA-Na, solution on silver artefacts
indicates a higher selectivity and control. There-
fore, partial conservation of patina can be carried
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out simultaneously with the removal of impurities.
In iron artefacts, corrosion layers were unevenly
removed using the EDTA-Na, solution and citric
acid. This was expected, taking into account the
presence of hardly soluble iron compounds.

When the visual appearance is considered, it
is necessary to carry out an additional mechanical
cleaning, such as polishing, so that the artefacts
can obtain an aesthetically acceptable appearance.
In the case of iron artefacts (corrosion products
are weakened and partially dissolved), it is neces-
sary to carry out both chemical and mechanical
cleaning.

SEM-EDS analyses of metal surfaces after
cleaning did not indicate the presence of the char-
acteristic chemical elements that could be related
to possible residual compounds, as a result of re-
actions with the analysed aqueous solutions. Be-
sides the necessity for further research, the overall
conclusion is that the proposed chemical methods
(chemical solutions) are highly efficient, easy to
apply and easily available. Accompanied with the
previous diagnostic examination of the artefacts’
conditions, as prerequisites for the application of
chemical cleaning, the proposed EDTA salts ena-
ble a wide range of possibilities regarding the se-
lectivity and control of the chemical cleaning of
archaeological findings.
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REZIME

EFIKASNOST HEMIJSKOG CISCENJA
RAZLICITIH METALNIH PREDMETA
SA ARHEOLOSKIH LOKALITETA
FELIKS ROMULIJANA I GRADINA

KLJUCNE RECI: SEM-EDS ANALIZA, METALNI AR-
HEOLOSKI PREDMETI, KOROZIJA, KONZERVACIJA.

U radu su razmatrani efekti hemijskog ¢i$¢enja
metalnih arheoloskih predmeta sa lokaliteta Feliks
Romulijana - Gamzigrad i Gradina - Jelica. Studija
je obuhvatila odabrane metalne arheoloske nala-
ze, razlicite po funkciji i formi, izradene od srebra,
bakra - bronze, olova i gvozda. Odredivan je ste-
pen efikasnosti razlic¢itih vodenih rastvora u kon-
trolisanim uslovima (pH vrednost, temperatura
i vreme). Uzorci su u zavisnosti od vrste metala i
korozionih produkata, kao i o¢uvanosti metalnog
jezgra, tretirani razli¢itim hemijskim rastvorima
(limunska kiselina, natrijumove soli etilen diamin
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tetra sircetne kiseline, EDTA-Na, i EDTA-Na,).
Makroskopska opservacija, rendgensko sniman-
je uzoraka (radiografija), opticka mikroskopija i
SEM-EDS analiza su koris¢eni kako bi se utvrdi-
lo zateceno stanje predmeta pre tretmana, izvrsi-
la karakterizacija produkata korozije, ali i utvrdili
povrsinski efekti hemijskog ¢iS¢enja na metalnim
nalazima pre, u toku i nakon hemijskog tretmana.
Rastvor EDTA-Na, je ocekivano u vrlo kratkom
roku uklonio olovne korozione produkte (karbon-
ate), dok je limunska kiselina najvecu efikasnost
pokazala u uklanjanju bakarnih korozionih produ-
kata (malahit, kuprit). Oba rastvora pokazuju nizak
stepen selektivnosti i kontrole $to potvrduje Cinje-
nicu da se oni uglavnom mogu koristiti za uklan-
janje kompletnih korozionih slojeva. Kada je re¢ o
rastvoru EDTA-Na, necistoce i korozioni produkti
srebra (oksidi) i bakra (malahit, kuprit) su postepe-
no uklanjani. Ovim rastvorom u najvecoj meri je
uklonjen srebro oksid u odnosu na sulfid $to ukazu-
je na veci stepen selektivnosti i kontrole otvarajuci
mogucnost za ocuvanje patine uz istovremeno uk-
lanjanje necistoc¢a. Kod gvozdenih nalaza korozioni
slojevi su neravnomerno uklonjeni pomo¢u rastvo-
ra EDTA-Na, i limunske kiseline, $to je i ocekivano
s obzirom na prisutna te$ko rastvorna jedinjenja
gvozda (getit, magnetit). Kada je re¢ o povrsins-
kom vizuelnom izgledu neophodno je poliranje
kako bi predmeti dobili estetski prihvatljiv izgled,
dok je kod gvozdenih nalaza neophodno dodatno
mehanicko ¢is¢enje. Ovo istrazivanje pruza odgov-
ore vezane za efikasnost i procenu rizika izabranih
hemijskih tretmana uklju¢ujuéi transformaciju
korozionih proizvoda, formiranje hemijskih rezid-
ualnih supstanci i uticaja fizickih efekata tretmana
na informacije sadrzane u korozionim slojevima
predmeta.

* %

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u ¢asopisu mogu se besplatno preuzeti sa sajta

i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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LEITHA LIMESTONES’ PROPERTIES AND THEIR DEGRADATION -
CASE STUDY OF BELGRADE FORTRESS

ABSTRACT

The availability and workability of limestones resulted in their extensive use throughout history for the
construction or decoration of buildings, while their sensitivity to the aggressive environmental conditions
initiated its degradation, leading to a loss of monumental integrity. Belgrade fortress was predominantly
built of Badenian autochthonous corallinacean limestones, called “Leitha limestones” or “Lithotamnium
limestones”. Since they contain red algae (Lithotamnium ramisissimum) fossils, molluscs, snails, sea ur-
chins, corals, bryozoa and foraminifera, as well as clastic components, they are very heterogenous. This
results in an uneven appearance and colout, but also mechanical properties and porosity. The mentioned
features of limestones in conjunction with the influence of external factors - environmental and anthropo-
genic, results in their high degree of degradation. In this paper, the lithological mapping of six fortress gates
dating from 15th to 18th century is shown. This determined the dominant existence of microfacies — grain-
stone and algal rudstone, but also the rare use of impure rudstone. Through field research and later labora-
tory studies, the petrological, chemical, physical and mechanical properties of these stones were examined.
The results were used for the correlation of these features as intrinsic factors of decay with present weath-
ering forms, and environmental influences as extrinsic factors. It enabled us to define the physicochemical
degradation processes of limestone microfacies - cyclic dissolution, wetting/drying and freezing/thawing
over a long period of time, causing the continuous progression of the intensity of decay and resulting in the
present state of the studied limestone, which is in urgent need of conservation.

KEYWORDS: LITHOTAMNIUM (LEITHA) LIMESTONES, BELGRADE FORTRESS, INTRINSIC PROPERTIES,
DEGRADATION, WEATHERING.
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INTRODUCTION

The use of stone in construction is widespread
throughout human history. From the moment of
the extraction from the rock mass to the placing of
the stone in a building, along process of adaptation
to the new environment begins. Physical-chemical
processes that take place on the surface, but also
inside the stone, can manifest themselves after a
short or a very long time. The durability of the
stone is reflected in its ability to resist decay over
time and retain its original size, shape, hardness
and appearance over a longer period of time (Bell
1993: 187-200).

The term “weathering” denotes changes in the
physical-mechanical and chemical properties of
stone under the influence of natural atmospher-
ic agents (Vergés-Belmin 2008: 78). Weathering
rate, on the one hand, depends on the intrinsic
properties of the stone: mineral and chemical
composition, structure and physical-mechanical
properties. On the other hand, the degree and
type of damage depends on the exposure of the
stone to numerous extrinsic factors of the envi-
ronment in which it is located. Within the group
of extrinsic factors that aggressively affect the du-
rability of the stone, the environment in which the
building is located is of primary importance. The
aggressiveness of the environment, regardless of
the lithotype of the built-in stone, depends on the
parameters that are defined as degradation fac-
tors: climatic, i.e., microclimatic parameters and
composition of the atmosphere, with an empha-
sis on the presence of air pollutants, water, flora
and fauna in the environment, effects of natural
hazards (earthquakes, landslides, floods, etc.), but
also equally significant anthropogenic influences.
All these factors act synergistically on the stone
and, depending on the intrinsic properties of the
petrographic type, initiate certain processes of its
weathering (McCabe et al. 2007: 77-86).

The manner in which intrinsic factors affect
the durability of built-in stone is determined by
its petrographic characteristics — mineral and
chemical composition and structure, and then by
its physical-mechanical properties, which are a re-
flection of the structure, texture, characteristics of
the pore network, etc. The structural and textural
heterogeneity of the stone results in its different
reactions to extrinsic factors and, thus, also in dif-

ferent forms of decay (Mckinley et al. 2006: 1-12;
Mckinley and Warke 2007: 950-969; Esbert et al.
2008: 87-95). The susceptibility of the stone to de-
cay over time depends on all the discontinuities
that exist in it, as well as on the heterogeneity in
terms of shape, size and manner of interfusion
of the constituents (Siegesmund and Torok 2014:
11-96), which are, all together, reflected in the po-
rosity of the stone.

Porosity, as a textural parameter of stone, is the
result of depositional and post-depositional pro-
cesses and, as a physical property, it reflects the
volume of pore space in the stone, type of pores
(open/closed), pore size distribution, pore surface,
and their interconnection and connection with
the external environment (Fort 1996: 481-492).
Bearing in mind the importance of the mentioned
data, as well as the fact that porosity conditions
the mechanical properties of the stone and deter-
mines its relationship to water, it is considered that
porosity is a direct indicator of stone’s sensitivity
to physical, chemical and biological decay fac-
tors, even more significant than the mineral and
chemical composition (Ordonez 1996; Esbert et
al. 2008: 87-95).

Water, in any form, has a destructive effect on
stone, by way of the crystallisation of salt or ice,
biological colonisation and/or the process of dis-
solution of mineral components with a simultane-
ous decrease of hardness due to the loss of the co-
hesive bonds between minerals (Benavente 2006;
Bell 2000). The degree of roughness of discontin-
uous stone surfaces (pore walls and microdiscon-
tinuities) directly affects the level of fluid reten-
tion and adhesion of all components introduced
into the stone by that fluid (soluble salts, aerosol,
etc.). Greater roughness of the surface is directly
proportional to a greater solution retention and,
therefore, greater dissolution intensity, as well as
a greater adhesion of all types of plants, from mi-
croorganisms to more complex rooted varieties.
(Tomaselli et al. 2000: 251-258; Prietro and Silva
2005: 206-215; Scardino et al. 2006: 55-60, 2008:
45-53; Korkanc and Savran 2015: 279-294; Miller
etal. 2012: 1-12).

Since the petrographic composition and struc-
ture of every type of stone has its own special
interaction with the extrinsic factors of the envi-
ronment in which it is located and, thus, different
sensitivity to the physical and chemical decom-
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Fig. 1. Position of the gates of Belgrade fortress subject to research (photo from Google Earth version 9.176.0.0 - Web
Assembly, Belgrade, 44°49'30"N 20° 27'40"E, elevation 79 m, [online] available through: https://earth.google.com/web/,
from November 10, 2022, modified by M. Frankovi¢).

position processes, a detailed study of its internal
nature is of extreme importance as a prerequisite
for a correct selection and planning of the conser-
vation treatment.

Among the numerous petrographic types of
stone, limestones are rocks very suitable for ex-
ploitation and processing, which is why a signifi-
cant number of buildings that are protected today
as cultural monuments were built precisely from
these rocks. While the high level of availability and
workability of limestones resulted in them being
abundantly used throughout all epochs of the de-
velopment of civilizational heritage, their sensitiv-
ity to the aggressive environmental conditions, on
the other hand, would initiate the decay process of
the built-in limestone, damaging the integrity of
monuments to a greater or lesser extent.

The subject of this research is the limestone
used for the construction of Belgrade Fortress,

which is categorised as a cultural monument of
exceptional importance for the Republic of Serbia.
Belgrade Fortress is located in Belgrade’s old town,
within Kalemegdan Park, forming a spatial cul-
tural and historic ensemble with it. Because of its
strategically important position on the border, the
tumultuous history of Belgrade Fortress resulted
in richness of cultural and historical layers that
testify to the development of European military
architecture from Antiquity to the end of the 18th
century (Popovi¢ 2006: 335).

Within the architecture of Belgrade Fortress,
its gates are prominent, due to their strategic func-
tion in communication routes within the fortress
and as links with the main roads outside the for-
tress. Today, 26 gates have been preserved within
Belgrade Fortress, dating from different periods
of construction (Vulovi¢ 1972: 157-212). Their
architecture is conditioned by their position and
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function within the fortifications, but also by the
fortification styles that were current at the time of
their construction. Considering the high frequen-
cy of circulation and the prominent placement
within the fortification, aside from the utilitarian
aspect, the gates also have a distinct aesthetic as-
pect. Special attention was paid to the decorative
design of their facades, especially those on main
communication routes and entrances into the
fortified city. Due to the aforementioned features,
the gates of Belgrade Fortress have an exceptional
monumental value today and occupy a prominent
place within the preserved parts of the fortifica-
tion. The desire to preserve their authenticity, both
stylistically and in terms of the materials they were
built with, originated from the need to present
them in a manner which would highlight their
cultural and historical significance.

The aim of the research was to identify the
main degradation processes of the limestone
built into the buildings of Belgrade Fortress and
to examine the role of the intrinsic properties of
limestone on the form and intensity of their deg-
radation. The research included six representative
gates from different periods of construction, dat-
ing from the 15th up to the 18th century: Zindan
Gate, Leopold’s Gate, King Gate, Gate of Karl VI,
Inner Stambol Gate and Dark Gate (Fig. 1).

In all construction phases of the fortification,
mostly Badenian Lithotamnium limestones were
used, the so-called Leitha limestonesl (Pantic¢
1988: 91-102). These are carbonate reef forma-
tions, deposited on the edges of coral reefs of the
warm Pannonian Sea and, as such, represent a
transition zone between coral reefs to non-reefal
coral communities (Wiedl et al. 2013: 232-246).
The former unique reef, which was later divided
into smaller blocks by tectonic movements, ex-
tends from Tagmajdan to the northwest, emerging
on the surface in the Kalemegdan section. These
limestones have been exploited since ancient
times, first at the site of the construction of the
fortress, and later from the quarry of Tasmajdan.
Today, the open profiles of Leitha limestones are
visible at TaSmajdan, where they are massive, on
Kalemegdan, under the monument of The Victor

1 The term “Leitha” comes from the German
name Leitha kalk for the Vienna Basin rocks. They were
named after Leitha Hills, where they were first discovered
and studied.

(Pobednik), in the form of banks, and near Bel-
grade Zoo, above the former Hammam, in the
form of slabs or layers (Stevanovi¢ 1977: 107-162).

Due to the different nature of building organ-
isms and variable participation of the clastic com-
ponent, limestones are heterogeneous in compo-
sition and structure. This heterogeneity, as well
as weak consolidation, are reflected in the physi-
cal-mechanical properties of the stone and affect
the creation of different weathering forms. Ac-
cording to their spatial distribution and intensity,
the most dominant registered weathering forms
are crusts, both white calcite and black gypsum,
followed by scaling, flaking and granular disinte-
gration, which is especially present on newly ex-
posed surfaces following crust detachment. The
weathering processes result in the loss of material
in the forms of backweathering and various forms
of erosion. Depending on the lithotype, erosion
manifests as rounding, loss of matrix, alveolisa-
tion or differential disintegration.

METHODOLOGY

The methodology of examining the intrinsic
properties of the stone consisted of field surveys
of selected gates of Belgrade Fortress with the aim
of identifying the type of rocks (in situ mapping
of the lithology of built-in stone blocks) and lab-
oratory examinations: analyses of petrographic
properties, chemical and X-ray analyses, determi-
nation of pore structure parameters by mercury
intrusion porosimetry (MIP), and testing of phys-
ical and mechanical properties.

Considering the fact that the goal of this re-
search is the understanding of the physical-chem-
ical processes that lead to the degradation of
limestone, samples for laboratory analyses were
selected based on their susceptibility to degra-
dation, i.e. sampling was done on stone blocks
which were already affected by degradation pro-
cesses. This is an important aspect for the inter-
pretation of the results obtained. Samples were
taken from the gates themselves, from blocks
where the stone material had already detached,
in the amount required for the preparation of pe-
trographic thin-sections and a chemical analysis:
eight samples of limestones built into the facades
of the Dark Gate, four samples from the fagade

186



Frankovi¢ et al. - Leitha Limestones'Properties... (183-198)

Archaeology and Science 18 (2022)

a ; h

Fig. 2. Location of sampling points on facades: a) Southeast facade of the Dark gate; b) Inner Stambol gate (Frankovi¢
2021: 48).

of the King Gate and one sample from both the
Leopold’s Gate and the Inner Stambol Gate (Fig.
2). For the testing of the physical and mechanical
properties, it was necessary to take larger stone
blocks from which the test specimens would be
obtained, and they were selected from the dis-
posal area for stone blocks at Belgrade Fortress.?
Initially, a total of 33 stone blocks were sampled.
Following identification of their petrographic
characteristics, an analogy was made with the
limestones built into the facades of the gates, af-
ter which seven blocks were selected to form test
bodies for the purpose of testing of the physical
and mechanical properties.

The mapping of the lithology of the built-in
stone blocks was carried out by macroscopic ob-
servation of their structural characteristics with
the application of Dunham’s classification (Dun-
ham 1962: 108-121).

The mineralogical-petrographic analysis in-
cluded optical examinations of petrographic
thin-sections on a Leica DMLSP Transmitted
Polarizing Light Microscope connected to a Lei-
ca DFC 290HD digital camera. On the basis of
the obtained results of the petrographic analysis,
a structural/genetic classification of the type of
limestone was carried out using FolK’s classifica-
tion (Folk, 1959: 1-38).

The chemical analyses included complex-
ometric determination of CaO and MgO con-
tent by using 1 M-EDTA complex (Ethylene-

2 At Belgrade Fortress, which has been subject to
continuous renovation for the past few decades, a dispos-
al area for stone blocks used for restoration purposes was
formed. The origin of the blocks is twofold: from the ram-
parts of the fortress that underwent restoration phases or
from archaeological excavations at Belgrade Fortress.

diaminetetraacetic acid), and separation of the
carbonate phase — by using HCI 1:3. For the test,
0.5 g of the test sample was used (if the sample
showed a violent reaction with HCI) or 1 g (if the
sample did not show a reaction). On the basis of
the obtained contents of Ca and Mg oxides, the
contents of CaCO,and MgCO, were recalculated
and the rock type was determined. The content of
organic matter was determined colourimetrically,
by titrating the solution with KMnO, (IN), with
the addition of oxalic acid.

Rock samples where an elevated MgO content
was identified complexometrically, were subjected
to X-ray analyses. The determination of the phase
composition of the limestone samples was per-
formed by means of an X-ray analysis of the pow-
der, with the use of a Philips PW-1710 diffractom-
eter. The samples were analysed in the imaging
range from 50° to 750° 20 by using radiation ob-
tained from a copper anticathode CuKa (1.54178
A). The current was 30 mA and the voltage was 40
kV. Recording was performed at a step of 0.02° 20
(2.45°/min) and a time delay of 0.5 s. The X-ray
analysis of the powder can identify only the phases
that occur in the examined material in amounts
greater than 2%. The analyses were performed in
the Laboratory of Crystallography at the Faculty
of Mining and Geology, University of Belgrade.

Examinations of the physical properties of the
stone were carried out in accordance with stan-
dardised methods (defined by national standards
SRPS EN) with a correction of the number of test
specimens due to the limited amount of sampled
material (tests were performed on four instead
of six samples). The following physical proper-
ties were determined: bulk and real density, open
and total porosity (SRPS EN 1936:2006), water
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absorption at atmospheric pressure — immersion
method (SRPS EN 13755:2009) and capillary wa-
ter absorption (SRPS EN 1925:2009).

In order to determine the parameters of the
pore structure of limestone, the mercury intru-
sion porosimetry (MIP) method was used, carried
out on an AutoPore 9500 device (Micromeritics,
USA), with the maximum applied pressure of
mercury intrusion of 228 MPa in the range of pore
diameter sizes from 150 to 0.005 pm. The measur-
ing was carried out at the Laboratory for Materials
in Cultural Heritage of the Faculty of Technology,
University of Novi Sad. Due to the limited possi-
bilities of the scope of the research, the examina-
tion was only conducted on four samples.

The determination of pulse velocity and ultra-
sonic elastic constants was performed according
to the SRPS B.B8.121:1990 standard. The mea-
surement of pulse velocity of longitudinal and
transverse waves — Vp and Vs was performed on
two samples, on three cube-shaped test bodies (50
+ 5), with previously known values of bulk density
(pb). Measurements were performed on a SONIC
viewer — MODEL 5210 device (reading accuracy
of the smallest time unit 0.10 ps).

The determination of uniaxial compressive
strength (SRPS EN 1926:2010) was performed in
the Laboratory for Stones and Stone Aggregates
of the Highway Institute, Belgrade. The test was
carried out on cube-shaped stone samples (50 £ 5
mm) in a dry state, at a constant pressure increase
of 1 £ 0.5 MPa/s.

RESULTS

During the field lithological mapping of the
fagades, a macroscopic differentiation of the rocks
was carried out on the basis of structural proper-
ties, size of the constituents and dominant type of
allochem (Dunham’s classification), as well as the
colour of the built-in stone. Built-in lithological
types were classified into three limestone facies:
grainstone (Fig. 3a), algal rudstone (Fig. 3c), and
impure rudstone (Fig. 3e). The overall results of
the lithological mapping of the gates show an al-
most equal representation of grainstone and algal
rudstone microfacies. Impure rudstone is rarely
present, suggesting that it might have been used
in the reconstruction phases of the fortress. The
precise lithological determination of the exam-

ined limestones was carried out by means of an
optical analysis of petrographic samples with the
application of FolK’s classification.

Grainstone is the dominant lithotype built into
the fagades of the gates of Belgrade Fortress. These
are bioclastic limestones of arenitic character,
with a medium to densely packed allochem made
of fragments of various microfauna, mainly algal
fragments, foraminifera, shells, gastropods and
other types of organic detritus bound by micro-
sparite and, rarely, sparite orthochem. Aside from
bioclasts, ooids and intraclasts occur in this lime-
stone microfacies, and according to their com-
position, algal biomicrosparites, oobiosparites,
biosparites, intrabiosparites, as well as all transi-
tional forms, can be distinguished. In addition to
the mentioned allochems, the rocks often contain
a terrigenous component in the form of quartz,
mica, feldspar and rock fragments. The size of
the allochem gives the rocks an arenitic character
(Fig. 3b). According to their textural properties,
they are characterised by occasionally noticeable
thin layering, a pronounced difference in the
coarseness of the allochems and regularly present
porosity of the type: intergranular, intragranular,
or mould-type porosity, but also secondary poros-
ity in the form of cracks and cavities.

Algal rudstone is characterised by a porosity
texture with poorly consolidated coarse allochem
— algal fossil fragments with round to nodular
cross-sections, measuring over 2 mm, which give
the rock a rudite character. Bioclasts of other types
of macro- and microfauna are usually intergrown
with the algal fragments, but they are all poorly
consolidated with microsparite to sparite cement,
which affects the high porosity of the type of cav-
ities, channels and cracks (Fig. 3d). Additionally,
primary inter- and intragranular porosity and po-
rosity linked to skeletal growth are also regularly
present. According to the type of allochem pres-
ent, these rocks are characterised as algal biospar-
rudites, rarely biolithites.

Impure rudstones are characterised by an in-
creased content of the terrigenous component
(> 10%), the size of which varies from arenite to
rudite. The identified authigenic constituents, of
sandy to gravelly fractions, are quartz, feldspars,
muscovites, and rock fragments dominated by
quartzites (Fig. 3f).

The results of the chemical characterisation of
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Fig. 3. Limestone microfacies: a) grainstone of the northern facade of the King’s Gate; b) photomicrograph of
grainstone - oval to ellipsoidal forms of algal fragments, with chambers filled with sparry calcite, sample 34 of the
southeast facade of the Dark Gate; c) algal rudstone of the southern facade of the Karl VI Gate with visible algal
macrofauna; d) photomicrograph of algal rudstone - algal skeleton in weakly consolidated rudstone, sample 41 of
the Inner Stambol Gate; e) impure rudstone of the southwest facade of the Dark Gate; f) photomicrograph of coarse
lithoclast with bioclasts of impure rudstone - sample 36 of the southern facade of the Dark Gate (Frankovi¢ 2021: 70,
73,75, 76).

the examined limestones show that chemically pure
limestones, with a carbonate content (CaCO,) of
91.41 % to 96.27 %, dominate among the examined
samples. The content of insoluble residue in the
four tested samples varies from 11.12 % to 23.75 %,

classifying these rocks in the group of sandy lime-
stones (the prefix “sandy” was assigned based on
the results of the optical analysis, which confirmed
the presence of a terrigenous — sandy component).
Only one sample was classified as impure dolomite
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Sample p, (Mg/cm?®) | p (Mg/cm®) | Po (%) | Pt(%) | Ab (%) g /mcz.s_o_s)
Grainstone
S-3 1.88 2.68 / 29.8 11.05 /
34 1.84 2.68 24.30 31.21 11.61 527
37 1.84 2.70 24.69 31.85 13.44 /
42 1.68 2.70 27.84 37.42 16.90 997
1325
43 1.90 2.70 21.17 29.70 11.17
1395
44 1.87 2.70 21.85 30.46 11.68 255
1.83 2.70 23.97 31.74 12.64 500
min 1.68 2.68 21.17 29.70 11.05 255
max 1.90 2.70 27.84 37.42 16.90 997
Stan.Dev. 0.08 0.01 2.64 2.90 2.25
KV 433 0.38 11.03 9.14 17.85
Algal rudstone
Z-1 1.95 2.68 / 28.05 7.39 /
Z-2 1.50 2.59 / 41.00 14.11 /
K-4 1.84 2.71 25.17 32.10 13.60 /
K-5 1.81 2.74 23.60 33.90 13.00 /
K-7 1.94 2.75 20.76 29.50 10.70 /
K-9 1.80 2.74 26.97 34.30 15.13 /
38 1.98 2.72 18.42 27.10 9.29 /
S-1 1.75 2.67 / 3440 12.52 /
S-2 1.82 2.70 / 32.80 11.20 /
41 1.76 2.70 27.96 34.99 15.94 415
8 1.85 2.71 21.90 31.33 11.85 215
11 1.74 2.69 24.08 35.40 13.86 513
15 1.79 2.70 25.83 33.57 14.40 434
23 1.89 2.69 23.57 29.71 12.48 219
1.82 2.70 23.83 3273 12.53 359
min 1.50 2.59 18.42 27.10 7.39 215
max 1.98 275 27.96 41.00 15.94 513
Stan.Dev. 0.12 0.04 2.89 3.54 2.32
KV 6.50 1.44 12.14 10.84 18.52
Key: — mean value; min — minimal measured value; max — maximal measured value; Stand.Dev. —
standard deviation; KV - coefficient of the variation.

Table 1. Physical properties of grainstone and algal rudstone samples (according to Frankovi¢ 2021: 97, 108)

limestone, due to the high presence of MgO, i.e., The presence of dolomite was also confirmed
dolomite mineral (12.72 %). In all the examined by an X-ray analysis. Diffractograms indicate that
samples, the content of organic matter is extremely calcite is the main mineral phase (078-4615; ICDD
low and varies from 0.03 % to 0.08 %. PDF Standard), and that, aside from the presence
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Sample P (%) Vp (ml/g) | PP(m?g) | D(um) | D_(um) | S (%) | D, (um) | S (%)
Grainstone
34 33.12(24.3) 0.189 0.728 1.04 29 31.24 40 9.59
42 35.01 0.205 1.149 0.71 38 20.32 60 7.69
Algal rudstone
41 32.54 0.184 1.127 0.65 40 36.76 60 20.88
8 29.51 0.162 1.219 0.53 18 27.94 50 5.83

Table 2. Parameters of the pore structure for grainstone and algal rudstone samples (according to Frankovi¢ 2021: 100)

Pore volume (%)
Macro-pores D > 0.05 um Meso-pores D = 0.05-0.002 um
Sample
Large pores | Pores Large capillaries Medium capillaries Small capillaries
1000-100 100-10 10-0.05 0.05-0.01 0.01-0.002
Grainstone
34 2.52 58.22 38.40 0.85 0.00
42 3.26 62.09 32.98 1.67 0.00
Algal rudstone
41 6.36 56.81 35.54 1.28 0.00
8 2.92 37.01 58.38 1.68 0.00

Table 3. Volumetric distribution of the pores by their size in the grainstone and algal rudstone samples (according to
Frankovi¢ 2021: 101)

of dolomite (074-7800) in sample 34 and Mg-cal-
cite (089-1304) in sample 37, the rocks regularly
contain quartz (087-2096) and feldspar-albite
(009-0466). 1t is important to point out that the
presence of a small amount of the gypsum mineral
(076-8728) was registered in both samples, which
is certainly a secondary product of limestone deg-
radation.

The results of the physical properties (bulk den-
sity — pb, real density — pr, open porosity — Po, total
porosity — Pt and water absorption — Ab) of the ex-
amined limestone samples are shown in Table 1.

The results of the testing of parameters of the
pore structure using the MIP technique on the
grainstone and algal rudstone samples are ex-
pressed in the values of open porosity (Pom), total
pore surface (PP), mean pore diameter (D), criti-

3 The open porosity value of 33.12% is signifi-
cantly different from the value of 24.3% obtained by the
laboratory test procedure using the immersion method
according to the SRPS EN 1936:2006 standard (all other
samples have close values). The difference is due to the tex-
tural heterogeneity of sample 34.

cal pore diameter (Dc), entry pore diameter (Du),
volumetric content of pores with diameters larger
than the critical diameter (Sc) and larger than the
entry pore diameter (Su), and distribution of de-
fined pore size classes (Tables 2 and 3).

The grainstone samples are characterised by
close values of Pom (33.12 % and 35.01 %, Table
2), PP shows small variations in the examined
samples, i.e., it is slightly higher in sample 42 com-
pared to sample 34, which is consistent with the
size ratio of the mean pore diameter. Differences
are also evident in the pore size distribution, i.e.,
the representation of the defined classes of the
corresponding range of pore diameters (Table
3). The grainstone samples have a unimodal pore
size distribution with a dominant presence of the
10-100 um pore diameter size class and the almost
twice as small presence of the 0.05-10 pm pore
diameter size class (Table 3). The content of large
pores (100-1000 pm) is extremely small (2-3%),
and the content of pores <0.05 pm is almost neg-
ligible (0-2%). The range of variation of Dc values
also shows uniformity in the examined grainstone
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Fig. 4. Curves of capillary water absorption: a) grainstone; b) algal rudstone. (according to Frankovi¢ 2021: 109, 111)

samples (22-50 pum), with an average value of 34
um for all analysed samples.

Algal rudstone samples have close Pom values,
little difference in PP values, and close mean pore
diameter values (Table 2). However, differences
are prominent in the pore size distribution (Table
3). Both samples have a unimodal pore distribu-
tion, but with different modes. While the domi-
nant population of pores in sample 41 has a size of
100-10 pm (56.81 %), sample 8 is in the 10-0.01
pm size class — 58.38 %. Both samples are charac-
terised by a small presence of medium capillaries
and an absence of small capillaries. Despite the
similarity in mean pore diameter values, the size
of the critical pore diameter varies from 50 pm in
sample 41 up to 15 um in sample 8, indicating a
difference in the pore network available for fluid
movement.

The mode and trend of capillary water absorp-
tion are represented by diagrams of the ratio of the
mass of absorbed water per unit area as a function
of the square root of time (Fig. 4). In addition to
the graphical presentation of capillary absorption
curves, the results are also shown by the capillary
absorption rate, expressed by the capillary absorp-
tion coefficient (C) (Table 1). For the sample with
pronounced thin layering (43), test results are
shown in parallel, or perpendicular to the anisot-
ropy plane. Capillary absorption curves, of both
limestone varieties, initially have asymptotic flow
that, after a certain time, passes into a stationary
absorption mode. The capillary uptake curves are
linear, which indicates that the pore network is ho-
mogeneous (Beck et al., 2003: 1151-1162), while
the C values indicate different kinetics of capillary
absorption. The high value of C — 997 g/m?-+%3

in sample 42 indicates extremely fast absorption,
while the values of the other samples vary from
225 to 527 g/m*s%3. In algal rudstone, C varies
from 215 to 513 g/m?*%3 and the curve shows a
slight increase in the last time interval, indicating
the process of extrusion of air trapped in the pores
(Beck et al., 2003: 1151-1162).

Based on the measurement of the velocity of
propagation of longitudinal and transverse waves,
the values of the dynamic elasticity module (Edyn)
and Poisson’s coefficient (udyn) were calculated as
parameters representing the hardness of the porous
stone, especially its internal structure. Grainstone
has ~26% lower propagation values for both types
of waves compared to algal rudstone (Fig. 5). The
difference is twice as great if we compare the mean
values of the dynamic elasticity module, which is
3.19 GN/m? for grainstone, and 6.74 GN/m? for al-
gal rudstone, which is in agreement with the porosity
results of the examined samples (the open porosity
of sample 42 is higher than the open porosity of
sample 8 — see Table 1). The volumetric presence
and pore size did not affect the value of Poisson’s
coefficient, which is 0.35 for both the microfacies.
Based on the results of compressive strength mea-
surements of the selected representative samples, it
is concluded that the grainstone and algal rudstone
samples have low, but similar, uniaxial compres-
sive strength values (7.2 MPa grainstone and 6.35
MPa algal rudstone), which is in agreement with
the close values of other properties such as, for
example, total porosity. It is characteristic for all
tested samples that the fractures were subtle, with-
out any special sounds, and the form of destruction
was along the cracks that intersect the axis of the
sample at an angle.
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Fig. 5. Histograms of the results of measuring the velocity
of longitudinal waves of grainstone and algal rudstone
samples

DISCUSSION

Limestones built into the gates of Belgrade
Fortress show signs of weathering in various in-
dividual decay forms: granular disintegration
and scaling, alveolisation, flaking and splintering,
the appearance of light and black crusts, biolog-
ical colonisation and others. The observation of
the mentioned decay forms and correlation with
petrological and physical-mechanical properties
established the influence of intrinsic factors of
built-in limestone on the representation of indi-
vidual decay forms, without major differences in
the intensity of degradation.

The results of petrological analyses and lith-
ological mapping of stone blocks built into the
facades of the gates at Belgrade Fortress quan-
titatively showed the distribution of limestone
microfacies. From the aspect of the genetic type
of rock, i.e., the dominance of limestone as the
building lithotype used, the gates of the fortress
are petrologically and mineralogically homoge-
neous. From a chemical point of view, the most
common type are pure limestones (CaCO, con-
tent ~95%) and less common impure limestones
with variable CaCO, content (76-89%). Dolomitic
limestones were also identified, rather sporadical-
ly, in which the dolomite component is prominent
(12.72% MgCO,). When it comes to the structure,
however, the heterogeneity of the incorporated
limestones is notable. These are allochemical sed-
iments, classified into three microfacies according
to the ratio, packing and size of allochem: grain-
stone, algal rudstone and impure rudstone.

Although structurally different, the physical
properties of the examined grainstone and algal

rudstone are very similar. According to the val-
ues of the bulk and real density, both varieties
of limestone are medium-heavy rocks, i.e., soft
limestones with a coarse-porous texture. The total
porosity values classify them as extremely porous
rocks. Both limestone lithotypes have almost the
same values of open porosity and mean pore di-
ameter (G-0.9 pm, AR-0.6 pm), very close values
of critical pore diameter (G-34 pm, AR-29 pm),
with the inlet pore diameter in the range of 40-60
pum. The grainstone pore network is homogeneous
with a unimodal pore size distribution, a dominant
class of pores with the size of 10-100 pm (~60%)
and a significant participation of large capillaries
(30-40%). Algal rudstone shows heterogeneity in
the pore structure, with pores and large capillaries
alternating as dominant classes.

According to the pore structure, the examined
lithotypes are characterised by high water ab-
sorption, with a high capacity for capillary water
absorption. Grainstone samples have an average
coefficient of capillary water absorption of 376 g/
m2-s-0.5,4 while in algal rudstone it is 359 g/m2-s-
0.5, which can be defined as a high coefficient of
capillary absorption, and at the same time an in-
dicator of the rock’s susceptibility to decay (Sneth-
lage 2005; Graue et al. 2011: 1799-1822).

A large amount of capillary pores with a un-
imodal character of distribution, as well as the
small difference between total and open porosity
in both lithotypes, indicate a good interconnec-
tion of pores, capable of absorbing and retaining
water and enabling its transport through the inte-
rior of the built-in limestone. Pore size is a crucial
parameter that regulates fluid movement through
the stone pore system. While pore sizes of 1 mm
- 1 pm enable a high degree of water absorption,
pore sizes below 1 um and their interconnections
are considered critical for the stone’s susceptibility
to decay. They enable easy capillary movement of
fluids, and when they are additionally well con-
nected, they facilitate the diffuse movement of
solutions along with a simultaneous increase in
the intensity and surface of stone dissolution. A
high content of capillary pores conditions a larg-
er specific surface, which represents, at the same
time, the surface available for capillary conden-
sation and moisture retention and, thus, the ag-

4 The extreme value of sample 42 was excluded
from the statistical analysis.
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Fig. 6. Differential weathering of the same damage category — manifestation according to structural characteristics of
the microfacies: a) grainstone; b) algal rudstone (Frankovi¢ 2021: 70, 81).

gressive action of all components that enter the
stone with the fluids. Additionally, when it comes
to pores with sizes of 0.1-1 pm, the crystallisation
and hydration pressure of ice and salt represent a
regular destructive factor to the stone (Benaven-
te 2006; Bugani et al 2007: 316-320; Benavente
2011: 41-42). High coefficients of capillary water
absorption indicate the ability of both lithotypes
to absorb water in an amount that enables long-
term moisture retention and consequent dissolu-
tion and migration of soluble salts (Graue et al.
2011: 1799-1822). The overall pore network of the
examined limestones enables unhindered water
circulation and consequent chemical dissolution,
primarily of the orthochem. Therefore, the pore
structure of both lithotypes enables the physical
and chemical decomposition processes to take
place, which led to the present state of the built-in
limestones.

According to their mechanical properties,
both varieties of limestone can be characterised as
soft rocks with a low propagation velocity of ul-
trasonic waves and very low to low compressive
strength. Since it has been proven that the com-
pressive strength of porous limestone decreases
significantly in a water-saturated state compared
to the values in a dry state (Vasarhelyi 2005: 69-
76; Torok and Vasarhelyi 2010: 237-245), and the
pore network of the examined limestones enables
long-term water retention, it can be considered
that the mechanical resistance of the limestones
built into the gates of Belgrade Fortress is very
weak, which makes them sensitive to all types of
physical destruction.

When considering the morphology of the deg-
radation in relation to the lithotype, the petrolog-
ical (structural-textural) influence on the decay
forms is evident in the manifestation of individual
decay forms. Cavities and the presence of coarse
allochem in algal rudstone favours biological
colonisation, as well as the formation of deposits
on surfaces. The higher content of the limonite
component in grainstone, under the influence of
high temperature, causes chromatic changes. The
textural characteristics of the grainstone cause
the detachment of centimetre-thick scales, which
has not been observed in the algal rudstone. The
thickness of the crust corresponds to the differ-
ence in the size and packing of the allochem, the
position of structurally different layers, which fur-
ther affects the movement of the drying and wet-
ting fronts, and the generation of hydration and
crystallisation pressures of salt or ice. All of the
above leads to scaling. Backweathering of grain-
stone occurs with greater intensity precisely due
to scaling, compared to algal rudstone, where it is
a consequence of the crust detachment or splin-
tering. Erosion, in the form of alveolisation and
differential weathering, is a more common char-
acteristic of grainstone. Differential weathering is
a consequence of the existence of areas with hard-
er, firmer and more compact constituents, which
are, thus, more resistant to decay over time. While
this form occurs in grainstone due to the existence
of structurally different layers and/or locally de-
posited secondary calcite, when it comes to algal
rudstone, especially biolithite, Lithotamnium al-
gae remain prominent due to the granular disin-
tegration of softer parts of the limestone (Fig. 6).
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Granular disintegration and flaking mostly
occur with equal intensity and, therefore, in the
same damage categories in both lithotypes. The
different intensity that can occur even within one
block of stone is, on the one hand, a consequence
of the heterogeneous microstructure of the ex-
amined limestone blocks, and on the other, the
intensity of the degradation processes. Granular
disintegration is intense in those parts where the
cement binder has been washed away or mechan-
ical microdamage has occurred due to the action
of hydration and crystallisation pressure, on newly
opened surfaces after the detachment of the sur-
face crust/ scale. In the zones of surface crusts, this
weathering form has not been registered, due to
the compaction of intergranular spaces with dis-
solved calcite and/or gypsum.

In contrast, significant differences in the inten-
sity of individual weathering forms in relation to
the lithotype have not been recorded. The pres-
ence of all damage categories on both lithotypes,
with great similarity of physical-mechanical prop-
erties, generally indicate their equal susceptibility
to weathering processes, while the degree of dam-
age on individual stone blocks is related to their
exposure to extrinsic decay factors.

CONCLUSIONS

Based on everything presented previously,
in the complex mechanism of weathering of the
limestone at Belgrade Fortress, key intrinsic fac-
tors have been identified that enable the physi-
cal-chemical weathering processes to take place.
The carbonate composition, i.e., the presence of
mineral calcite, which is soluble in water and weak
acids, enables the chemical dissolution of lime-
stone. The diagenesis of the studied limestones
caused weak cementation, which results in low
mechanical strength and high porosity. The pore
network allows for an unhindered circulation of
water and the consequent chemical dissolution of
poorly cemented algal rudstone and sparite grain-
stone cement, weakening the stone from within.
Dissolved calcite recrystallises on the surface in
the form of a thin white crust, while black gypsum
crusts form on protected stone blocks, created by
the chemical reaction of calcite with atmospher-
ic pollution. The porosity of the limestone, and
the type and distribution of the pores also allow

for unhindered freeze/thaw cycles, which result
in physical damage in all forms of detachment.
The repeating of dissolution, wetting/drying and
freezing/thawing cycles over a long period of time
causes a continuous progression of the intensity of
decay and the appearance of very prominent dam-
age in various forms of loss of the stone material.
The simultaneous action of the mentioned prin-
cipal decay mechanisms on built-in limestones,
otherwise susceptible to decay, results in the pres-
ent condition and is a clear indicator of the urgent
need for conservation.
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KLJUCNE RECI: LITOTAMNIJSKI (LAJTOVACKI)
KRECNJACI, BEOGRADSKA TVRPAVA, INTRIN-
ZICNA SVOJSTVA, DEGRADACIJA, ATMOSFERSKO
RASPADANJE.

Predmet ovog istrazivanja su litotamnijski
(lajtovacki) kre¢njaci kori$éeni za izgradnju Beo-
gradske tvrdave, koja je kategorisana kao spome-
nik kulture od izuzetnog znacaja za Republiku
Srbiju. IstraZivanje je imalo za cilj identifikaciju
glavnih procesa raspadanja ugradenih kre¢njaka
i ispitivanje uloge intrinzi¢nih svojstava kre¢nja-
ka na formu i intenzitet njihovog raspadanja. Is-
trazivanjem je obuhvaceno $est reprezentativnih
kapija iz razlic¢itih perioda gradnje, datovanih od
XV do XVIII veka: Zindan, Leopoldove, Kralj ka-
pije, kapije Karla VI, unutrasnje Stambol kapije i
Mracne kapije.

Metodologija ispitivanja intrinzi¢nih svojstava
kamena sastojala se od terenskog rekognosciran-
ja odabranih kapija Beogradske tvrdave sa ciljem
identifikacije vrste stena (in situ mapiranja li-
tologije ugradenih kamenih blokova) i laboratori-
jskih ispitivanja: ispitivanja petrografskih karak-
teristika, hemijskih i rendgenskih ispitivanja,
odredivanja parametara porne strukture Zivinim
porozimetrom (MIP), te ispitivanja fizickih i me-
hanickih svojstava.

Rezultati petroloskih analiza i litoloskog mapi-
ranja kamenih blokova ugradenih u fasade kapi-
ja Beogradske tvrdave, kvantitativno su pokazali
distribuciju izdvojenih mikrofacija kre¢njaka. Sa
aspekta genetske vrste stene, odnosno dominacije
kre¢njaka kao ugradenog litotipa, kapije tvrdave
su petroloski i mineraloski homogene. Hemijs-
ki posmatrano, najzastupljeniji su ¢isti kre¢njaci
i manje prisutni necisti kre¢njaci sa varijabilnim
sadrzajem CaCO, (76-89 %). Sasvim sporadi¢no
su identifikovani i dolomitski kre¢njaci u kojima
je markantno uce$¢e dolomitske komponente.
Strukturno posmatrano, medutim, izraZena je
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heterogenost ugradenih kre¢njaka. To su alohemi-
jski sedimenti koji su prema odnosu, pakovanju i
veli¢ini alohema svrstani u tri mikrofacije: grain-
stone, algalni rudstone i neCisti rudstone.

Iako strukturno razli¢iti, fizicka svojstva
ispitivanih grainstone i algalnog rudstone su veoma
slicna. Prema vrednostima prividne i stvarne
zapreminske mase oba varijeteta kre¢njaka su
srednje teske stene, odnosno mekani kre¢njaci
gruboporozne  teksture. Vrednosti ukupne
poroznosti svrstavaju ih u ekstremno porozne
stene. Porna mreza grainstone je homogena
sa unimodalnom distribucijom veli¢ine pora,
dominantnom klasom pora veli¢ine 10-100 pm
(~60 %) i znacajnim uces¢em velikih kapilara (30-
40 %), dok algalni rudstone pokazuje heterogenost
u pornoj strukturi gde se kao dominantne klase
smenjuju pore i velike kapilare. Saglasno pornoj
strukturi, ispitivane litotipove karakterie veliko
upijanje vode, sa velikom sposobnos$c¢u kapilarne
apsorpcije vode. Prema mehanickim svojstvima,
oba varijjeteta kre¢njaka se mogu okarakterisati
kao meke stene sa niskom brzinom prostiranja ul-
trazvu¢nih talasa i vrlo niske do niske ¢vrstoce na
pritisak.

U slozenom mehanizmu raspadanja kreénja-
ka Beogradske tvrdave, identifikovani su klju¢ni
intrinzi¢ni faktori koji omogudéavaju odvijanje
fizicko-hemijskih procesa raspadanja. Karbonatni
sastav, odnosno prisustvo minerala kalcita koji je
rastvorljiv u vodi i slabim kiselinama, omogucava
hemijsko rastvaranje kre¢njaka. Dijageneza ispi-
tivanih kre¢njaka uzrokovala je slabu cementaci-
ju, $to za posledicu ima nisku ¢vrstocu i veliku
poroznost. Porna mreza omogucava nesmetanu
cirkulaciju vode i posledi¢no hemijsko rastvaranje
slabo cementovanog algalnog rudstone i sparitnog
cementa grainstone, slabe¢i kamen iznutra. Rast-
voreni kalcit rekristali$e na povrsini u formi tanke
bele kore, dok se na zasti¢enim kamenim blokov-
ima formiraju crne gipsane kore, nastale hemijs-
kom reakcijom kalcita sa atmosferskim zagaden-
jem. Poroznost kre¢njaka, tip i distribucija pora
omogucavaju i nesmetano odvijanje ciklusa mrzn-
jenja/otapanja koje rezultira fizickim ostecenjima
u svim oblicima odvajanja. Ponavljanje ciklusa
rastvaranja, vlaZenja/su$enja i mrznjenja/otapanja
tokom duzeg vremenskog perioda,
kontinuiranu progresiju intenziteta raspadanja i
pojavu veoma jakih o$teéenja u razli¢itim formama

izaziva

gubitka kamenog materijala. Simultano delovanje
navedenih glavnih mehanizama raspadanja na
ugradene krec¢njake, inace podloZne raspadanju,
rezultira dana$njim stanjem i jasnim indikatorima
urgentne potrebe za konzervacijom.

%k %
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THE RUDIMENTS OF TRADITIONAL MORTAR PREPARATION AND
USE

ABSTRACT

This paper seeks to summarise recent major shifts in the understanding of the nature and provenance
of traditional mortars, the nature of the lime most used for the preparation of these mortars, as well as
the methodology of the crafts in their preparation. It draws upon the author’s experience of designing and
using such mortars over a 20-year period, but also upon extensive research into old texts about lime and
mortars written over the last 2,000 years, as well as upon extensive analysis of primary building accounts
from England and elsewhere. It also references an expanding body of academic research in the character-
isation of composition, as well as of the performance of such mortars, itself a significant shift in focus and
understanding. It will set out the primacy of the quicklime slaking method in the delivery of successful
mortar performance, optimal in the context of traditional building technology, and will reiterate the ab-
solute importance of observing traditional lime choices, slaking method, rules and mortar proportion in
the achievement of durable mortars of optimal performance for the like-for-like and compatible repair of
traditional buildings of all kinds and status.

KEYWORDS: QUICKLIME, LIME MORTAR, EARTH-LIME MORTAR, HOT-MIXING METHOD, LIME

SLAKING, POZZOLANS, MORTAR PROPORTION.

INTRODUCTION

As it becomes increasingly understood that
most historic mortars were hot mixed with quick-
lime, and as increasing numbers of craftspeople
around the world are rediscovering and routinely
using such mortars in the care and repair of tradi-
tional buildings, it is important to set out the funda-
mental principles of lime slaking and mortar mak-
ing methodologies, drawing upon the extensive
historic texts on the subject of building, as well as
upon building accounts and material science, with
a view to avoiding simple mistakes with less than
simple consequences. Much detail remains to be
discovered, not only by the crafts themselves, but
by professionals, researchers and academics in the
field - intellectually as well as, crucially, by practical
experience and observation. The author has worked

with traditional earth-lime and hot mixed lime
mortars for 20 years as a stonemason and building
conservator and has conducted an extensive review
of historic texts and archived building accounts
ranging over the last 2,000 years. The story that
these tell is generally consistent over this period -
and is consistent with the experience of those using
hot mixes again today - but is a very different story
from that told, even by advocates for the use of lime
mortar, over the last 50 years (Copsey 2019 a & b).

HOW DO WE CHARACTERISE HOT
MIXED LIME OR EARTH-LIME
MORTARS?

After many years of confusion within academ-
ic circles and beyond, it is now beyond dispute
that, in most cases, the presence of residual inclu-
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Fig. 1. The presence of residual lime lumps in earth-lime
mortars from different periods and geographies: a. Masada,
Israel, 2,000 years old; b. Rievaulx Abbey Cloister, North
Yorkshire, 12t century; c. bedding mortar in the wall of
calcareous sandstone, Wrench Green, North Yorkshire, 19th
century (all photos by N. Copsey; c. from Copsey 2019c¢).

Fig. 2. Earth-lime mortar and remnants of pure lime
basecoat plaster, medieval dovecot, Calvados, Normandy
(photo by N. Copsey).

sions of lime - sometimes underburned quick-
lime, sometimes over-burned, sometimes simply
slaked, unmixed and subsequently carbonated
lumps, of variable dimension, but typically an-
gular - indicates the preparation of the mortar to
have been performed using a hot mixed method
(Hughes, Leslie, Callebaut 2001), which is to say,
that quicklime is slaked and mixed with intended
aggregates as soon as the slaking is substantially
complete, the quicklime remaining hot from the
slake. When powdered or pulverized quicklime
was used, the quicklime and sand would be mixed
prior to or during the slaking of the quicklime,
without generally leaving lime lumps in the mor-
tar, but typically rich in lime (Revie 2019a). Fig-
ures la - 1c illustrate the presence of residual lime
lumps in three earth-lime mortars from different
periods and geographies, demonstrating not only
their essential commonality, but also their dura-

Fig. 3. Hot mixed lime mortar with basalt beach sand,
Vancouver Island, British Columbia, 1864 (photo by N.
Copsey).
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bility in significantly different climates. Figure 2
illustrates earth-lime mortar and remnants of pure
lime basecoat plaster, in Normandy, while Figure 3
illustrates a typical hot mixed lime-sand mortar, in
this case in British Columbia.

Callebaut (2000) was the first in a laboratory
context to make a connection already made by
numerous craftspeople such as Patrick McAfee
(1997; 1999), disproving previous opinions (Bako-
las et al 1995) that residual lumps were comprised
of the thin, soft calcite crust that would form upon
the surface of laid down lime putty, incorporat-
ed when this putty was mixed with aggregates
to form a mortar. How such low volumes of soft
calcite crust might account for such high volumes
of hard residual lime lumps in actual mortars was
seemingly not considered.

The possibility of hot mixing was long ignored
in favour of a long-standing cognitive bias that
held that most mortars historically had been made
using matured lime putty, which the technical ev-
idence, as well as the evidence of most historic
literature and material science, indicates that they
were not. Lime putty was always made, of course,
although the period of repose would vary from
days to weeks to months and even years, but for
very specific purposes and for uses that made the
continued presence of residual lime lumps prob-
lematic - such as fine plaster and stucco finish
coats and the finest brick or stone ashlar jointed
bedding mortars, within which lime putty was
used as the mortar itself, on its own, and without
the typical addition of sand or other aggregates
(Langley 1750; Millar 1898). For more than these
particular uses, lime putty was generally distrust-
ed and considered to be lacking in binding quali-
ties, compared to those that existed in a hot mixed
lime mortar, which is not to say that it was never
used in combination with aggregates, of course,
depending upon practical circumstance. Beyond
this, the preparation, storage, and later use of lime
putty required much more handling and labour,
reducing its efficiency when compared to a mor-
tar that might be mixed and used immediately,
even when that mortar might itself be laid down
for a week or two, or sometimes longer, to allow
for late-slaking to occur before a plaster was laid
upon a wall (Higgins 1780; Millar 1898), although
even this was not as common as many suppose
(Langley 1750, Pasley 1826, Lazell 1915). A prop-

erly slaked lime putty (‘just sufficient’ water add-
ed to effect the slake, before some further water
addition once the slake was complete, and whilst
the heat of the slake endured) produced a material
universally described in the past as having been
of ‘bread-dough’ consistency, and of much great-
er immediate and subsequent density (and lower
water content) than most commercially produced
‘lime putties’ available today. Lime putty so-slaked
was a mouldable, plastic material (that resem-
bled linseed oil window putty in character) that
enjoyed excellent internal bonds and into which
water was typically ‘locked’ and effectively invisi-
ble and unavailable to promote the ‘swimming’ of
stones laid upon it, for example, or the staining of
masonry substrates during use — much like a hot
mixed lime: an aggregate mortar, in fact.

At Viminacium in modern-day Serbia, the for-
mer capital of Upper Moesia, the vast majority of
Roman mortars so far revealed, whether pure, fee-
bly hydraulic, or more hydraulic mortars accord-
ing to purpose, retain lime lump inclusions con-
sistent with the mortars having been hot mixed
from quicklime, in the author’s observation (Ni-
kolic & Rogi¢ 2018), as were the vast majority of
sampled and analysed mortars from Roman Brit-
ain (Vindolanda mortar analysis in Revie 2019b;
www.hotmixedmortars.com). Ottoman Empire
mortars in Serbia and elsewhere were similarly
processed in the author’s observation and assess-
ment. In the lands of modern-day Israel, mortars
of all kinds (including earth-lime mortars) from
every period - from as early as 10,000 BC, where
hot mixed earth-lime and lime mortars were de-
ployed as grave covers, as well as wall plasters—
were hot mixed from quicklime and are consid-
ered to display a sophistication in processing that
might indicate an already mature technological
understanding during the Pre-Pottery Palaeolith-
ic Era (Friesem et al 2019). In Greece, analysis of
1,300 mortars used during at least the last 2,000
years, offers a very similar picture, with the over-
whelming majority of Hellenistic, Roman, Byz-
antine, Ottoman and medieval mortars, as well
as those still used during the earlier 20th centu-
ry, displaying residual lime lumps consistent with
their having been hot mixed directly from quick-
lime (Stefanidou and Pappyianni 2011).

A similar picture may be seen in the British
Isles, as in most places across the world. Lime put-
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ty formed the binder in a small minority of over
4,000 mortars analysed by the Scottish Lime Cen-
tre Trust (Historic Environment Scotland 2020),
(Fig. 4), and even this may represent a misinter-
pretation, given that the not uncommon use of
powdered quicklime historically would leave no
residual lime lumps in the mortar. A long laid
down hot mixed plastering mortar, knocked up
before use, might display very few residual lime
lumps.

Moderataly
hydraulic

1%

4

Eminently '*
mydraulic

b feebly
hydraulic

MNon-hydraulic

Alternatively, hot mixed mortars might be laid
down after mixing, subsequently used whilst cold
- although there was a broad consensus historical-
ly that the majority of mortars, for the majority of
purposes, should be used within a week of prepa-
ration; this consensus only becoming less firm as
the 20th century wore on, and during which same
period, lime putty came to be used much more as a
binder, often in association with low level Portland
cement addition to otherwise air lime mortars,
uniquely delivering a mortar of similar workabili-

EEEERN
I

Fig. 4. Collated analyses of over 4,000 samples held by the Scottish Lime Centre. (Historic Environment Scotland
Technical Paper 32, 2020).

HOT MIXING METHODS

The precise hot mixing method might vary be-
tween dry-slaking (common for plastering mor-
tars, the larger unslaked lumps sieved out- along
with larger aggregate inclusions - after mixing
with sand, or immediately after slaking and imme-
diately prior to mixing with aggregates, if not used
on its own after sieving and mixing with water,
and with fibres added to control shrinkage) - or
wet slaking, straight through to a useable mortar.

These mortars might be used whilst still hot, which
offered significant advantages to the crafts in terms
of initial shrinkage behaviour and general efficiency,
as well as — recent research would suggest (Koeberle
2020) - forming a stronger immediate bond with sub-
strates and delivering early stiffening in situ due to the
immediate and rapid evolution of Portlandite crystal
structures within the mortar, as well as offering greater
durability over ‘cold-mixed’ alternatives.

ty to a traditional hot mixed mortar (Totten 1842,
Geeson 1952, Copsey 2019 a & b). The lime putty
typically ‘matured’ for days (plasterer Ray Warley,
pers. comm.) or for several weeks, or sometimes
only a week (Nicholson 1841, Millar 1897).

The particle size and character of a dry-slaked
lime differs somewhat from a wet-slaked lime paste,
as well as from that of a lime putty; this was known
intuitively by the crafts, so that the slaking meth-
od was often determined by the intended purpose.
Dry slaked lime forms an irreversible crystalline
(and larger) particle, whereas wet slaked lime (or
lime putty) forms a platelet structure with a finer
particle size and significantly greater surface area
(Rodriguez-Navarro et al 2005). The smaller and
more malleable the particle size, the greater the
likely bond with aggregates will be. This difference
affects their workability and behaviour in use. A
plaster mortar made with a dry slaked lime - even
of similar lime-to-aggregate proportion - will typ-
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ically shrink less than a wet-slaked or lime putty
mortar, although it will also be typically less work-
able, of lesser adhesiveness and cohesiveness.,
in use. Before the 20th century, dry-slaked lime
would be produced on site. Vicat (1837) discusses
the immediate placement of such lime into barrels
for storage. However, in most cases, prompt, if not
immediate, use will have been the norm.

LIME PURITY

Contrary to many prevailing narratives today,
and since the widespread promotion and use of
initially Portland cement and, more recently, natu-
ral hydraulic lime, (usually coupled with a dismiss-
al of the value and usefulness of fat limes for any
purpose), the quicklime that was preferred, in all
periods and in all regions of the world, was as pure
as might be found. ‘Pure or nearly pure’ would be
the most accurate description. This understand-
ing, made evident in all reviewed texts about lime
and craft practice historically (see Copsey 2019b,
Appendix 10), runs contrary to recent narratives
concerning the historic use of natural hydraulic
limes, which were, in fact, rarely used for much
beyond the making of concretes, lest, like the Blue
Lias lime used in the UK, (Smeaton 1791; Taylor &
Levon 2021) they were of unusually high free lime
content, offering more workability, when they
might be used for waterworks, although always
with the addition of pozzolan to consume the ex-
cess of free lime, consistent with their purpose. In
Scotland, where far fewer pure limestone deposits
were available, and where natural hydraulic lime-
stones were more common, the desired pure lime
was derived from sea-shells, abundant along an
extensive coastline, or were imported by sea and
river from Northumbria or from Cumbria, across
the border in England, whilst indigenous sourc-
es of pure or feebly hydraulic lime were exploited
wherever they existed, as is evidenced by the build-
ing accounts of the Royal Works before the 1709
union with England (Accounts of the Masters of
Works Vols 1 & 2 1957). This picture is demon-
strated in Fig. 4, above. Even in the first record-
ed use of lime mortars, by the Natufian culture in
the Palaeolithic Fra, at the excavated burial site of
NEG II, the immediate geology was of dolomitic
limestone and the mortars were made with a high
calcium lime carried from further afield for the

purpose (Freisem et al 2019). The Romans were
aware of impure limestones that delivered strongly
hydraulic mortars — Pliny (2015) calls it ‘silex” - but
preferred to use hot mixed pure lime and pozzolan
mortars for waterworks and in other inherent-
ly wet situations. The most hydraulic pozzolanic
mortar, which would ultimately consume all free
air lime, offered a workability in use — delivered by
the free lime before its consumption to form (pri-
marily) di-calcium silicate, otherwise known as
belite - that was little different than that of a pure
lime and sand mortar; it enjoyed excellent initial
water retentivity, contributing to optimal bond
formation (Boynton & Gutschick 1964) and was,
anyway, considered more reliable and more stable
during its life-time, when compared to a mortar
made from natural hydraulic lime (Totten 1842).
Indeed, masons would frequently reject NHLs
(Biston 1828), in favour of fat lime mortars that of-
fered a workability that NHL mortars did not and
which did not dry too quickly (the countering of
which demanded significant on-going hydration,
which fat limes did not, and significantly more
time-consuming aftercare, as well as the extensive
wetting of building units). Vicat (1837) says that
these must be saturated and kept that way for a
long period prior to use, compromising the nec-
essary bond formation and promoting the swim-
ming of newly laid building units, thereby ham-
pering building progress. When using a fat lime
mortar, only the initial rate of suction (Hall & Hoff
2009) needed to be satisfied to prevent over-rapid
drying of the mortars. This allowed for immedi-
ate and sufficient bond, as well as the full extent,
of durable bond and it was generally enough to
dip a brick or stone in water immediately prior to
bedding it, or to splash an existing mortar joint
before pointing it, after which no more on-going
hydration would generally be required. Fat limes
need to lose their excess of water to begin to set,
but will lose this slowly and steadily; NHLs need
water to set, but will lose what water they contain
very quickly in the absence of long-term and on-
going hydration.

Pure or nearly pure lime was predictable and
of generally similar behaviour and performance
wherever it was found. Many limes contained
small volumes of clay or other impurities, and
these may or may not have been reactive silicas
or aluminas. Even if they were, in small volumes,
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these might have made a mortar feebly hydraulic,
but their slaking behaviour and ultimate strength
would have been only marginally different from a
pure lime, and might, in fact, ultimately have deliv-
ered a slightly weaker mortar than their pure lime
equivalents (Dibdin 1911). Any advantage that
there was, was in the initial shrinkage behaviour, it
being significantly reduced. This same advantage
could be won by the addition of small volumes of
brick or of wood ash, or another pozzolan, to an
otherwise pure lime mortar. Such additions were
common at the craft level in all periods and plac-
es, particularly, perhaps, for pointing mortars. The
addition of even 10% pozzolanic material (as a
proportion of the slaked lime) would leave 80% of
the binder as pure lime, continuing to offer high
- if not quite optimal - effective porosity. Most
often, around 5% pozzolanic addition is found in
analysis. (Revie 2019b; www.hotmixedmortars.
com). After the laboratory research of Roman
mortars in Serbia, there is an ongoing study into
the possibility of using natural pozzolanic ma-
terials and lime with hydraulic properties at the
provincial sites of the Roman Empire - Viminaci-
um and Lederata, for the mortar production (re-
searcher Emilija Nikoli¢, pers. comm). Romans at
Viminacium abundantly used brick in mortars in
humid and water environments, and there is also
an indication that some red fragments in mortars
were actually ‘natural brick’ formed by the spon-
taneous combustion of shallow coal-seams that
lay beneath the clay soil in the nearby hill, since
the laboratory research confirmed its pozzolan-
ic features (Nikoli¢, Tapavicki-Ili¢, Deli¢-Nikoli¢
2022). In Israel, brick, cocciopesto and wood ash
were used for a similar purpose, the routine use
of wood ash as a pozzolan arriving in the region
with the Romans (Van Zuiden & Asscher 2021)
and this, along with other Roman practices were
swiftly adopted by King Herod. Hydraulic quick-
lime and wood ash mortars, as well as hot mixed
cocciopesto mortars, used to plaster water cis-
terns in Masada remain intact today, 2,000 years
after placement, in the author’s observation, and
as assessed by Tal Hayut, the lead conservator at
the site. A recently excavated lime kiln at Masada
(Figs. 5 and 6), built to a typical Roman pattern,
which contained in situ air-slaked and carbonated
lime, as well as unburned limestone, would indi-
cate not only chemical purity but also the burning

Figs. 5 and 6. Masada lime kiln and associated lime
slaking area just below, where the slaked lime was
discovered (photos by N. Copsey).

of limestone from without the local geology, sug-
gesting its careful selection and carriage. Analyses
of both are currently underway

Natural hydraulic limes are eminently variable
(and unpredictable) materials (Figueiredo 2018;
Seo Jun 2020), not only between sources, but with-
in the same source (Fig. 7). Boynton (1980) saw
this as the primary obstacle to the use of NHLs
for building, although as early as 1777 Le Sage,
in France, had called for the prohibition of NHLs
for general building purposes for the same rea-
son (Vicat 1837). Their initial setting times vary
significantly from one batch to the next, and this
would always have alarmed the building crafts (as
it still does today). It may be considered a basic
principle of building that the mortars of construc-
tion should be of the same strength and character
throughout the build, and certainly above ground.
NHLs do not deliver this certainty whilst, at the
same time, they have been shown to continue to
gain strength over an unknown, but possibly indef-
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Fig. 7. NHLs and CL90 compressive strength from 7 to
1,080 days (Figueiredo 2018).

inite, period after placement, each gain in strength
indicating an increase in density and an associat-
ed diminution in an already low effective porosi-
ty. This, with the ongoing hydration necessary for
them to set properly. In the absence of such on-

going hydration, over a period that might need to
be 6 months - their period of maximum strength-
gain - they are unlikely to set properly, remaining
(behind an apparently set and hardened face) as
a mush or as a powder within a masonry joint, in
the authors” observation, as well as that of others
(Roger Curtis, Historic Environment Scotland,
Technical Research team, pers. comm.). This lat-
ter behaviour is commonly seen in the UK, where
many give little to no hydration after placement,
leaving the mortars to rely upon received rainfall
and frequently high relative humidity only. At the
same time, NHL-pointed traditional buildings in
the UK and elsewhere tend to display permanently
elevated moisture levels in their fabric, which will
peak during the winter months, but only slightly
diminish during the summer, once more, in the
author’s observation.

In contrast, traditional buildings that retain
their original pointing mortars, or which have
been repointed with non-hydraulic hot mixed
lime mortars (often after years of suffocation by
sand: cement or NHL mortars) quickly dry after
wetting and remain perennially dry in their fabric
in all seasons. (Figs. 8-12)

Effective porosity - like appropriate and use-
ful workability - is primarily delivered by a high
free/air lime content (Wiggins, in Copsey a 2019).
A mortar that enjoys a high level of air lime will
possess a high proportion of capillary-active pores
held within an inter-connected pore structure.
Whilst the fundamental laws of physics indicate
that the penetration of received water will be but

Figs. 8 and 9. Marske Hall; porous Jurassic sandstone’ Repointed with NHL. Winter and summer, the latter image taken

after five months without significant rainfall (photo by N. Copsey).
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Fig. 10. A humbler building of similar geology, pointed
with hot mixed air lime mortars, Pockley, North Yorkshire
(photo by N. Copsey from Copsey 2019c).

minimally absorbed into an essentially dry capil-
lary-active material (Pender 2012) - a behaviour
known to all masons who work on old buildings,
who might soak existing traditional mortars be-
fore repointing, to find that this water has been
absorbed to a very shallow depth, in fact. This re-
ceived water, as well as that which might be gener-
ated by interstitial condensation, and by moisture
generated within a building interior, or from the
ground, will be quickly released into the atmo-
sphere due to wind or air movement powered cap-
illary activity, so that a fabric that retains its orig-
inal or otherwise air lime-rich mortars will tend
to be perennially dry and resistant to water pene-
tration - all the more so because a mortar rich in

air lime will have retained enough water during
and immediately subsequent to its application for
optimal bond formation with the substrates or the

A s r

Fig. 11. Archbald Moffat House, Moffat, two years after
repointing with NHL 5.0 mortar (photo by N. Copsey
from Copsey 2019a).

masonry units, thus offering high resistance to
water penetration (ASTM 2007; Johnson 1926).
In addition, such bonds will be durable - they
will not be disrupted by expansion and contrac-
tion during wetting and drying, or during ther-
mal cycles (Palmer 1931 - US Bureau of Standards
Research Paper 321). Hydraulic mortars are not
stable in such cycles and this characteristic will
compromise the bond has been formed in mortars
lacking in water retentivity, such as sand and ce-
ment, and natural hydraulic lime mortars without
any, or much reduced, free air lime content (John-
son 1926).

Beyond this, and as demonstrated by the US
Bureau of Standards (Palmer 1931 - Research
Paper 321) as long as 100 years ago, the initial
shrinkage of a fat lime mortar happens at a mo-
ment when the mortars remain plastic, allowing
easy closure of such shrinkage, this being the only
shrinkage such a mortar will exhibit in its lifetime.
The Bureau further demonstrated that, although
hydraulic mortars exhibit much less, or no appar-
ent initial shrinkage, they will shrink by up to four
times the extent of the initial shrinkage in a fat
lime mortar in their life-span, but only after they
have set hard. Even unclosed initial shrinkage in a
fat lime mortar (the leaving of which was not un-
usual in craft practice at a time when most build-
ings were routinely limewashed upon completion
and throughout their life-time) will not present a
structural or performance issue - received mois-
ture will quickly evaporate away. Shrinkage in a
much less effectively porous hydraulic mortar will
always be a problem, allowing the ingress of re-

Fig. 12. Archbald Moffat House, Moffat, two weeks after
repointing with a hot mixed air lime mortar and after 12
hours of rainfall (lean-to on the right still retains NHL
pointing) (photo by N. Copsey).
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ceived water that will find its egress much less im-
mediate or straightforward, leading to cumulative
dampness.

In this context, the addition of relatively small
volumes of air lime to a clay-bearing subsoil, was
sufficient to counteract the swelling of clay parti-
cles upon wetting (and their subsequent shrinkage
upon drying), enhancing the durability of their
bond to the substrates as well. The addition of 10 or
20% of pure lime was the norm, not only for plas-
ters and bedding mortars, but for solid-wall earth
construction also (Vegas et al 2014), in very many
cases. Sometimes more lime than this was added,
depending upon the situation and purpose. At the
Atlit Crusader fortress near Akko, in modern-day
Israel, earth-lime mortars are found below the wa-
ter-line, in excellent condition and still fit for pur-
pose (Eli Sklar, pers. comm.), exploiting the feebly
hydraulic reactions that can occur between the
lime and clay components (Boynton 1980).

Experience and observation in the UK (as
well as in Israel, where similar NHL mortars
have been used over the same 25-year period for
routine conservation and repair) has shown that
most masonry buildings repointed or otherwise
repaired with NHL mortars quickly become wet
in their fabric, and that this wetness tends to be-
come cumulative — very similarly, in fact, to that
which occurs when sand and cement mortars are
used. (Figs. 8-12). Over 20-year time spans (and
frequently sooner), such mortars tend not to be-
have sacrificially in the presence of salts or other
decay mechanisms, and the stones or bricks de-
cay exponentially. (Figs. 13-15).

Ongoing wetness of the fabric has also promot-
ed frost damage - at Lincoln Castle, for example,
where limestone faces regularly fall off during
winter months (the specifying architect, pers.
comm.). The pore size distribution of NHL mor-
tars is similar, in tests, to that of cement and sand
mortars, and both mortars (Wiggins 2019), which
are of similar overall porosity, are low in capil-
lary-active pore sizes, meaning that received water
is slow to be removed from the fabric, as well as
being encouraged to combine with already present
water molecules, to penetrate and to linger. In Is-
rael, the low effective porosity of pointing mortars
has facilitated significant decay of masonry units
in the presence of salts, in the author’s observa-
tion, whilst the NHL mortars remain largely intact

(Figs. 13-14). A similar situation is increasingly
observed in the UK (Fig. 15) - much as Smeaton
observed about the use of NHLs in association
with Bath stone, as long ago as 1756:

e i .' = -

Figs. 13 and 14. Akko, Israel. Exponentially decaying
calcareous sandstone after repointing with NHL pre-
mixed mortar (photo by N. Copsey).

“The Bath freestone is of the pure calcareous
kind, and it is remarked that when it is walled with
this kind of mortar (blue lias NHL, with high free
lime content), which is frequently, if not generally,
used for the purpose, the joints are more perma-
nent, and resist the weather better, than the stone
itself...” (Smeaton, account of Edystone etc p115
1791)

In Israel, as in most parts of the world, in-
cluding North America, per the author’s under-
standing, only naturally feebly hydraulic lime-
stones exist (and existed) in an accessible form
— their routine use has never been and cannot be
a like-for-like response to the care and repair of
traditional buildings, even had NHLs been exten-
sively used in those regions with the limestones
that might deliver them hydraulicity, which they
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Fig. 15. Pennine sandstone, 20 years after repointing with St
Astier 3.5 mortar. Salt-induced decay of the sandstone; no
sacrificial behaviour in the mortars, Studley Royal, North

Yorkshire (photo by S. Baxter from Copsey 2019a and 2019¢).

were not. For building above ground, NHLs may
be seen as generally defective in their behaviour,
character and performance and, in their low cap-
illarity and high strength (by comparison with
traditional mortars), generally incompatible with
the porous construction mortars and especially
incompatible with porous stone or brick, and with
earth construction generally.

By contrast, in my own (and other practi-
tioners’) experience and observation, hot mix-
es made with pure or nearly pure; pure or feebly
hydraulic quicklimes, and made to historic lime:
sand proportions are efficient and economical to
produce. They offer mortars of eminent workabil-
ity, encouraging good and efficient workmanship.
They also offer optimal water retentivity and ex-
cellent bond strength as well as a consistent, full
extent of the bond. Additionally, they demand
much less after-care than other forms of lime.
They are tenacious and they offer appropriate du-
rability. As long as traditional building details are
respected and maintained, may can be expected
to last indefinitely. The addition of small (or even
large) volumes of pozzolan enhances the tenacity

and speed of the initial set without compromising
workability, water retentivity or other essential
mortar characteristics. They offer highly effective
porosity, keeping the building fabric dry and ther-
mally efficient and reducing the need for repair or
replacement of building elements.

WORKABILITY

As is evident in innumerable historic texts
(Copsey 2019b, Appendices 4, 10 & 11), work-
ability was the standard, historically. If a mortar
was workable, it was considered fit for purpose.
This essential mortar property was substantially
forgotten during the 20th century, as less than
workable mortars — specified by individuals
who did not themselves use them, their design
frequently driven by abstract laboratory testing
- have come to dominate building practice, en-
couraging the addition of chemical additives, such
as air entrainment, in pursuit of a semblance of
workability. These additions will often serve to
eliminate the necessary capillarity.

Surprisingly, perhaps, although due, one might
suggest, to the legacy of extensive research into
mortars carried out by the US Bureau of Standards
during the 1920s and 1930s, and to the work of
Robert Boynton in the USA more recently (1964;
1980), historic understandings are perfectly ex-
pressed in the modern ASTM guidance:

“X1.5.1 Workability — Workability is the most
important property of plastic mortar. Workable
mortars can be spread easily with the trowel into
the separations and crevices of the masonry unit.
Workable mortar also supports the weight of the
masonry units when placed and facilitates align-
ment. It adheres to vertical masonry surfaces
and readily extrudes from the mortar joints when
the mason applies pressure to bring the unit into
alignment. Workability is a combination of sev-
eral properties, including plasticity, consistency,
cohesion, and adhesion, which have defied exact
laboratory measurement. The mason can best as-
sess workability by observing the response of the
mortar to the trowel. ...Good workability is es-
sential for maximum bond with masonry units....
(p6)” (ASTM International C270-07. 2007).

This bonding characteristic is due to work-
ability’s indication of excellent water retentivity
(Boynton & Gutschick 1964)).
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Furthermore, C270-07 emphasises the impor-
tance of lime for the formation of durable bonds
that will most effectively resist water penetration,
as well as removing excess moisture that might
promote frost damage. “X1.6.4 Durability....The
coupling of mortars with certain masonry units,
and design without exposure considerations, can
lead to unit or mortar durability problems. It is
generally conceded that masonry walls, heated on
one side, will stand many years before requiring
maintenance...Parapets, masonry paving, retain-
ing walls, and other masonry exposed to freezing
whilst saturated represent extreme exposures and
thus require a more durable mortar. (p7).... A wall
containing [a straight Portland cement and sand
mortar] would be strong but vulnerable to crack-
ing and rain penetration....A wall containing...
[a straight sand-lime mortar] would have lower
strength, particularly early strength, but great-
er resistance to cracking and rain penetration”
(ASTM International C270-07. 2007).

According the author’s perception, and feed-
back from the crafts who recently re-embraced the
use of traditional mortars, most masons and other
building crafts throughout most of history would
agree with the statements above. The question has
only been which kind of mortar best meets these
demands. Until very recently, there was no debate
or discussion about this within the crafts. It was an

earth-lime or a hot mixed fat or feebly hydraulic
lime mortar, amended, according to exposure, by
the addition, as necessary, of pozzolanic additives
to the same.

As late as 1910, in France, Champly succinctly
expressed the hierarchy of building mortars: “We
differentiate mortars thus: fat lime, used for raising
walls, hydraulic lime for foundations, substruc-
tures, basement and works meant to be immersed.
Slow (Portland) or prompt (natural) cement for
underwater works or in very humid places” (p.54)

There was no obsession about strength or, in-
deed, with drawing real-world conclusions about
practice on site from generally unrepresenta-
tive laboratory experiments. Palmer and Parsons
(1934) described typical laboratory freeze-thaw
tests as ‘meaningless’ in the context of real build-
ings and their mortars in the 1930s. In the Unit-
ed Kingdom, there was no standard for the com-
pressive strength of building mortars until 1938
(Stewart 1997). Before the ascendancy of modern,
thin-wall construction technology, there had been
no perceived need to know - traditional mortars
routinely delivered between 1 and 2 MPa and re-
cent research strongly indicates that a typical and
properly proportioned hot mixed lime mortar
will reliably achieve 2 MPa after 3 months (Trus-
chik 2018), (See Fig. 16), and a typical earth-lime
mortar, 1 MPa over a similar period (Rashmi et

Table 2 Compressive Strength Development

Maortar Mix Vicat Cone Alr Compressive Strength(MPa)
{mm] (%)
28d 56d 90d 6 months
P1 32 35 0.75 1.01 1.55
P2 22 3.75 0.80 1.20 194
W1l 12 - 0.90 1.28 2.02 -
w2 ] 24 — 0.82 1.53 198 -
W3 18 5.25 0.80 1.48 2.05 -
Wa-X 19 1.5 0.22 1.22 1.27 -

Wa 3l 5.5 1.21 1.21 -

MNote: 1MPa = 145 psi

W1 1:3 Graymont kibbled quicklime -

from Quebec; Nesbitt sand oy

W2 1:3 Graymont powdered quicklime E a0

ditto; Neshitt sand *3 T::

W3 1:3 Indiana limestone fired on site: o

Meshitt sand. - O B

P1 and P2, sand-slaked but not hot R 4 6 M M M ke

mixed. ASTM sleve sine

Fig. 16. Tested lime mortar samples. W1, 2 & 3 sampled whilst still hot (Truschik 2018).
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al 2014). Both of these were more than sufficient
to ensure the structural soundness and integrity
of a traditional building of solid wall construction,
and, indeed, included a generous redundancy
to such mortars and structures. In 1911, Dibdin
doubted the utility of laboratory testing of mor-
tars, suggesting that experienced observation and
the inability to crush a small sample of original
mortar between thumb and forefinger would be
sufficient to demonstrate its fitness for purpose
(Dibdin 1911).

Over the last eight years, there has been a ma-
jor revival in the routine use of hot mixed pure and
feebly hydraulic limes (Henry 2018), as well as -
to a somewhat lesser, but also growing extent, the
use of earth-lime mortars - in the UK and Ireland,
across Scandinavia and in parts of central Europe,
as evidenced by the Gatherings of the Building
Limes Forums in these regions. This revival con-
tinues to grow and to expand into North America,
Australasia and, most recently, across Israel, where
the Antiquities Authority has initiated seven ma-
jor research streams into all aspects of traditional
mortars and their use (Carmel Y, presentation to
the Building Limes Forum Ireland, 4th Septem-
ber, 2022), whilst the conservation crafts them-
selves have begun to explore and to deploy like-
for-like mortars for perhaps the first time. This
change has been substantially driven by the crafts,
assisted by some more enlightened structural en-
gineers and other professionals, as well as by the
research teams of Historic England and Historic
Environment Scotland, the latter of which have
commissioned and published seven Technical
Papers (numbers 25 - 33) dealing with different
aspects of traditional mortar preparation, use and
performance. As has become clear during numer-
ous conversations with the author in recent years,
many craftspeople had become frustrated by the
widespread commercially driven use of natural
hydraulic lime mortars, and associated pre-mixes,
which their own experience suggested were inap-
propriate, unpredictable and potentially damaging
to traditional buildings not at all built or, until re-
cently, repaired with more than feebly hydraulic
mortars. This renewed embrace of substantially
like-for-like materials — the existence and nature
of which had been largely forgotten by the build-
ing trades and substantially ignored until recently
by the conservation community internationally,

as well as by academics and professionals working
within this community - has been met with resis-
tance from vested interest, both commercial and
intellectual, but has gained a seemingly unstoppa-
ble momentum. For all of us craftspeople, it has
been, and continues to be, a steep but deeply sat-
isfying and empowering re-learning curve, after
years of focus on materials that were not so much
used for the purposes to which we have sought to
put them - particularly lime putty (frequently im-
properly slaked) and natural hydraulic limes. The
best teacher of all, of course, has been, and will al-
ways be, the material itself and the methodology
by which it should be processed.

“In all the regions of France and Italy I have
travelled to study the way of building, I ques-
tioned workers, the ones who seemed the smart-
est. I found that their knowledge came, from a
practical side, from use and experience. There
are many differences in materials; it is not possi-
ble to prescribe specific methods, because every
rule requires uniform qualities and properties in
the materials, which does not happen. A worker
of long experience knows how to judge if the mor-
tar is fat enough, beaten enough, if it has the right
consistency - he almost never makes a mistake; he
crushes and mixes the different materials until it
feels right. This is why it is not enough to propose
methods, we need to train workers to understand
and modify them on account of the materials and
buildings intended to be built. There is an infini-
ty of things that cannot be said nor prescribed in
advance. We can only indicate the general precau-
tions to take for the most important operations,
which are the methods of slaking lime and the
methods of mixing it with sand and cement (poz-
zolan) to make a good mortar” (Rondelet 1803
p.301)

It is essential to the successful performance
and anticipated longevity of traditional mortars,
whether used in the context of repair of existing
buildings and fabric, or in the context of new build
(and this, not only in the context of the inherent
good sense and fitness for purpose of traditional
building technology, but of its essentially sustain-
able nature in the context of mounting climate
chaos), that historic methods of preparation and
historic binder to aggregate proportions are ob-
served. These rules and prescriptions were consis-
tent for thousands of years, the condensed wisdom
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and experience of craft practice over millennia.
They have been substantially departed from, in
terms of preferred binders and binder to aggregate
proportions, for not much more than 120 years in
some parts of the world, and for fewer years than
this in other parts. Indeed, in some parts of the
world, less touched by the constrictive tentacles
of global capitalism, it is likely that the knowledge
and practice of hot mixing has never been lost.

MORTAR PROPORTION

During the 20% century, typical mortar pro-
portions changed significantly, lime mortars be-
coming leaner in binder content than at any time
before. In the cement-lime mortars that dominat-
ed mid-20th century practice (a compromise be-
tween traditional mortars and modern, thin-wall
building methods, as well as the growing rate of
exploitation of the building crafts and the demand
for rapid construction (Searle 1935, Powell 1980),
after the realisation that cement and sand mortars
led to leaky building fabric and to the accelerat-
ed decay of masonry units) the typical binder to
aggregate proportion was 1:3. The binder might
comprise 1 part Portland cement to 3 parts air
lime (which might be industrially hydrated air
lime or, if an especially workable version was de-
manded, lime putty or quicklime) to 12 parts ag-
gregate. It might be 1:2:9 or, for especially exposed
situations, 1:1:6. (Mitchell 1947). Common to all
of these (and many other local variations) was a
1:3 binder to aggregate proportion. In this case,
this reflected the increased power of Portland ce-
ment, as well as a saving in cost. In the observation
of the author and as has been researched by Yotam
Carmel and Eli Sklar, conservators, the majority
of buildings of Tel Aviv were built with such mor-
tars, as were very many brick and stone buildings
across the UK and North America. The vast ma-
jority remain in a sound and healthy condition,
although this can quickly unravel when such fab-
ric is repaired with sand and cement or, indeed,
NHL mortars. A lime rich cement-lime mortar
offered a good and durable bond, as well as good
functional performance and such mortars tend to
behave sacrificially when required. The free lime
content of even a 1:1:6 exceeds that of most cur-
rently available NHLs, many of which also exhibit
tri-calcium silicate (alite) content, unlike historic

NHLs, which were burned to deliver only belite
into their composition (Davy 1802, Eckel 1922,
Figueiredo 2018).

The ‘Lime Revival, which originated in Swe-
den (Holmstrom 1996) and very soon afterwards
began in the UK, continued this 1:3 proportion,
typically using lime putty, a significant volume of
which was water, not lime, potentially increasing
the already unprecedented leanness of such mor-
tars dramatically, unless this was accounted for in
the gauging (which it frequently was not). Around
30% of the volume of even a properly slaked, dense
lime putty, will be water, not lime. (Boynton 1980).
The failure in situ of many (although not all) lime-
lean lime putties across the UK in the early years
of the ‘Lime Revival' unquestionably led to the
overly eager and unresearched embrace of NHLs
in the UK, following the clear encouragement of
its use by English Heritage after 1997 (Ashurst
1997). NHLs, too, were mixed at 1:3, with little at-
tention paid to the variable bulk density of these
materials between and within brands (Figueiredo
2018), or to traditional mixing proportions for
such binders.

In both cases, such mortars, whether NHL or
lime putty, were mixed at a significantly lower lime
content than their historic equivalents, when such
were used, and most certainly with at least half the
lime content of the leanest hot mixed lime mortar
in the past.

If a traditional, hot mixed lime mortar as lean
as 1 part lime to 3 parts aggregate exists, it has yet
to be discovered and analysed. The leanest ratio
at which such mortars were mixed, as evidenced
by innumerable mortar analyses across the world,
(Revie, material scientist, pers. comm. and exam-
ple mortar analyses Revie 2019b) and of mortars
from every period, was 1 part quicklime to 3 parts
aggregate, when fat limes were used. A pure or
nearly pure quicklime will typically at least double
in volume during slaking, delivering a binder to
aggregate proportion of at least 2 parts lime to 3
parts aggregate, although some of this lime con-
tent will be in the form of residual lumps, and be
aggregate, not binder. A ratio of 1 part lime to 1
part aggregate (made by mixing 1 part quicklime
with 2 parts aggregate) is as commonly found.
Many lime mortars historically were even rich-
er in lime than this. Typical lime pointing over
earth-lime building mortars in North Yorkshire
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were hot mixed but were 2 parts lime to 1 part
aggregate (in this case, finely sieved limestone
aggregate) (‘Stonehouse’ mortar analysis in Revie
2019b) (Fig. 17). Such mortars have been shown
to have lasted 400 years or more. In 18th century
London, bricklaying mortars might have been hot
mixed at 2 parts quicklime to 1 part sand, deliver-
ing a mortar that was 4 parts lime to 1 part sand
(Langley 1750). It was in response to such appar-
ent profligacy with the most expensive ingredient
(the lime), that Charles Pasley was prompted, in
1826, to set parameters on the essential lime to
aggregate proportion (Pasley 1826). He concluded
that 1 part quicklime to 3 parts sand was the most
sand that might be carried without compromising
either workability or performance, and that the
most lime-rich mortar that might be generally re-
quired was made with 1 part quicklime to 2 parts
sand. He considered any more lime than this to be
wasteful (he was a military engineer keen to con-
trol Government expenditure) and a reflection of
the desire of the crafts for the stickiest, most co-
hesive and adhesive mortar they could get. That
said, the most commonly found lime to aggregate
proportions on analysis, from the Roman period
onwards, has been 2:3 or 1:1.

Fig. 17. Dry hot mix pointed building, “Stonehouse”,
Thornton-le-Dale (subject of a referenced mortar analysis
by Revie) (photo by N. Copsey).

NHLs, when used, were also made from quick-
lime (at least until 1896, when Lafarge in France
began to produce slaked, dry hydrated NHL lime
(Gillmore 1871)). These expanded less on slaking,
the less so, the greater their hydraulicity, and were
mixed at 1:2 or 1:1, quicklime to aggregate.

When already slaked lime was used or spec-
ified, this was never leaner than 1:2 (Vicat 1837,
Pasley1826), except in the case of concretes, when
the quicklime to aggregate proportion could be as
lean as 1:7 (when NHL was initially displaced as a
binder for concrete, the proportion was often 1: 8).
(McKay 1938; Mitchel 1912)

A further error of the ‘Lime Revival’ was to
condemn the use of dry hydrated lime, a form of
slaked lime that had a much longer historically
pedigree as a binder than had lime putty. Lime
sieves (indicating dry slaking of quicklime) appear
routinely in building accounts in the UK in all pe-
riods (Copsey 2019b). Dry slaking allowed for the
screening of mortars after mixing, removing larg-
er lumps of unslaked lime, as well as of aggregate.
It was less cohesive and adhesive than a wet-slaked
mortar, but still more adhesive than most modern
mortars. It tended to promote less initial shrink-
age on application as a plaster, and tended to be
richer in residual lime lumps than a wet slaked
equivalent, which may or may not be significant.

SLAKING

The temperature of the slake is the single most
important aspect of the hot mix method, as it is of
all kinds of lime production. Simply put, the tem-
perature of the slake needs to reach at least 100
°C (Hassibi 2011). This temperature inevitably
produces steam and, in most hot mixing methods,
this steam will slake at least some of the lime, in
tandem with liquid water. The significance and
effect of this is currently being researched at Nor-
thumbria University (Pesce 2021). In the com-
mercial lime industry, dry hydrated lime is typi-
cally produced by the steam slaking of powdered
quicklime, and a slaking temperature of between
100 and 120 °C is demanded (Lafarge-Tarmac,
Buxton, pers. comm.).

Historically, it is said repeatedly, by numerous
authors, that lime which slakes the fastest and the
hottest is the best. Moxon (1703) and others stress
the need to ‘keep the steam’ in, as well as the, per-
haps more mystical, ‘spirit of the lime. Both re-
quirements indicate that temperature and steam
were essential parts of the equation. The purer a
quicklime is, the more quickly will its slake begin,
on receipt of the necessary water, and the more
rapidly will its slake complete.
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According to the author’s experience, and the
consensus of numerous texts (Copsey 2019b, Ap-
pendix 11), if too much slaking water was used,
the lime might be ‘drowned, which is to say, that
it would not reach a temperature during the slake
of 100 °C or more. Whilst the quicklime would
typically turn to a paste even so, it would not ac-
quire the necessary tenacity in use; it might be
weak, particularly in its bonds, both within the
mortar and on building substrates. In the case
of a limewash, it might disaggregate on contact,
dusting off to the touch. In the author’s experi-
ence, hot limewash, slaked at the necessary tem-
perature, does not dust off, and may be applied at
a greater thickness without crazing and cracking
than one made from diluted lime putty, especially
if this lime putty has itself been drowned during
slaking. The superior behaviour of a limewash
made from quicklime, in terms of thicker coats,
minimal crazing after application, better bond and
greater durability (Koeberle 2019), comes, to some
extent, from typically having been applied whilst
still hot, but also from the simple fact of having
been slaked at the correct minimum temperature.
Experiments by the author would indicate that
the advantageous properties remain, even after a
hot limewash has cooled, indicating that the ad-
vantage is delivered by the slaking method itself,
as is the tenacity of a properly hot mixed mortar.
“Aggregated limewashes”, more usually described
as sheltercoats are similarly superior when made
from quicklime and applied whilst still hot (Figs.
18a and 18b).

Historically, writers about lime stressed the
need to slake the quicklime with ust sufficient’
water. Once slaking was complete, then more wa-
ter could be added according to the intended pur-
pose, but the ‘short-cut’ of adding all the neces-
sary water at the onset was condemned. It was an
‘iron rule’ that water should always be added to the
quicklime, and that quicklime should not be add-
ed to water. The ‘Lime Revival inverted this rule,
although by the mid-20th century, the addition of
quicklime to water had become the norm, perhaps
in response to the high reactivity of ‘scientifically’
burned quicklime. The slaking water to quicklime
ratio, however, remained the same (British Stan-
dard Code of Practice 1951).

How much water is just sufficient’? It was not
until the late 19th century that precise volumes of

Figs. 18a. and 18b. Hot lime sheltercoat to a 12t century
doorway (with recycled Roman columns), St Michael’s
Church, Foston, near York (photos by N. Copsey from

Copsey 2019a).

slaking water were explicitly articulated (Richard-
son 1897). This knowledge was very much held by
the crafts before then, consistent with Campbell’s
assertion in 1747 (Campbell 1747) that central to
the stonemason’s craft was that he was ‘the Judge
of all Kind of Cements, and the Secret of preparing
them for Use’ (The London Tradesman, 158), a sit-
uation that had been increasingly eroded during
the second half of the 19th century in the UK and
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North America, mortar design being increasing-
ly co-opted by architects, surveyors or, indeed,
others, unfamiliar with using the materials them-
selves (Powell 1980), (Clarke L 2012).

Limestone fired in a kiln will lose between 30 -
40% of its weight during firing. This equates to an
enforced and unnatural loss of ‘molecular’ water
and carbon dioxide. Quicklime desperately wants
back the water it has artificially lost, so much so
that it will begin to slake in moist air; it will re-
absorb carbon dioxide much more slowly after
application. It was a common demand historically
that quicklime should be slaked as soon as possi-
ble after burning.

If a dry-slaked lime is required, then the quick-
lime will require around 1/3 of its weight in water to
slake (Richardson 1897). This typically equates to
an equal volume of water to that of the lime. If the
intention is to make a mortar immediately, and to
‘wet-slake, then between 2 and 3 volumes of water
to the volume of the quicklime will be added. Any
more than this will suppress the temperature of
the slake (as will the addition of more than 3 parts
of sand to a powdered quicklime, many modern
pre-mixed hot mixes being mixed at 1 part quick-
lime to 5 or 6 parts sand, also suppressing tem-
perature, when the powdered quicklime is mixed
directly with this sand before slaking). If boiling
water is used to slake the quicklime, then great-
er volumes of slaking water will have no ill-effect
(Miller 1960). If too little water is added in the first
instance, then the temperature of the slake may
quickly exceed 400 or 500 °C, it will be ‘burned; in
traditional parlance. In and of itself, this is not as
problematic as it may sound, except that the addi-
tion of the necessary water (usually cold water) to
an only partially slaked quicklime will ‘chill’ it. The
consequence of burning, followed by chilling, will
be the arresting of any further slaking and the de-
livery of a ‘short” and lime-lean mortar. Generally,
however, it is important to note that the residual
lime lumps in traditional mortars are not a conse-
quence of this.

SLAKING AND MIXING METHODS

In most parts of the world, the most common
method, using lump quicklime, was to form a ‘ba-
sin’ with the sand or other aggregate into which the
lump lime was placed. This was the same for both

dry and wet slaking. Necessary volumes of slaking
water were then poured onto the quicklime all in
one go. The slaking quicklime was immediately
banked over with sand, to retain heat and steam.
As the quicklime expanded in volume, the sand
covering would crack and open up. These cracks
would be closed down, again to retain as much
heat as possible. The slaking of a pure quicklime
takes as little as two minutes; a feebly hydraulic
(or old) quicklime might take five or six minutes
(Miller 1960). This progress might be considered
substantially complete once expansion and crack-
ing of the sand cover ceases. At this point, the sand
and the hot lime would be mixed and beaten to-
gether to form a mortar. (Figs. 19-22). More water
might be required, although the more vigorous the
beating, the less this might be necessary to achieve
a similar workability, and the less water that is
added at this stage, the lesser might be initial
shrinkage in use. Beating of a freshly made mortar
was a common requirement historically. Extensive
beating will certainly improve the workability of
an initially dry-slaked mortar. In all parts of the
world, this method was called the ‘ordinary’ or the
‘common’ method, indicating its ubiquity (Copsey
2019b Appendix 11) Its primary practical purpose
was to reduce lump quicklime to a size that might
be readily incorporated with the sand.

This early incorporation of the hot lime with
the sand or other aggregate may also be consid-
ered essential to hot mixing. Quicklime slaked but
left to cool before mixing with the sand will offer
a mortar of significantly different character, one
that would be somewhat less workable, although
extensive beating would improve this, whilst re-
quiring more labour.

Lump quicklime might alternatively be slaked
alone in a box or a pit, with similar slaking wa-
ter volumes, before either sieving or, more com-
monly, being slaked to a thick paste, before being
promptly mixed with sand in the same or another
box or pit.

Dry hydrated lime might alternatively be
slaked alone, by immersion in water whilst inside
a basket, held beneath the water until it has ab-
sorbed all of the water it can, before being tipped
out into a pile to slake (or into a barrel, as Vicat
(1856) describes, to ‘cook’) and to fall to a pow-
der. This might be sieved before mixing with sand,
although it might be mixed without sieving, or it
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might be used on its own. In a variation on this,
the quicklime might be laid out on the ground and
water poured from a watering can over the whole,
after which it, too, would fall to a powder.

All of these methods guaranteed the minimum
necessary temperature of the slake and, therefore,
maximised the potential of the material.

One possible reason for the common distrust
of lime putty was the suspicion that too much
slaking water would be used. Vicat (1837) and
other engineers expressed this anxiety. However,
the procedure for making lime putty in the past
was not so different from the procedures set out
above. Lump lime would be given between two or
three volumes of water in one tank or basin, the
slake allowed to substantially complete, before
more water might be added to allow the lime put-
ty to pass from an upper tank into a lower tank.
(Biston 1828). Between the two tanks there would
be a grill to remove larger unslaked lime, or lumps

Figs. 19 - 22. The Ordinary Method (all photos by N. Copsey, photos left and top right from Copsey 2019a).

b o

of under- or over-burned quicklime. Lime putty
could be stored in the lower tank (or in a pit in the
ground, as Vitruvius (2015) De LOrme (1567) and
others describe), or it could be immediately mixed
with sand, in which case, this method would be
simply another hot mixing method.

De LOrme (1567), and others describe the
slaking of lime to a thick paste in a pit, beneath
a covering of sand, typically for storage. The sand
was laid on to preserve the lime in an ‘unctuous’
condition (De LOrme 1567) after water had been
poured through the sand covering to effect its
slake. The sand may, or may not, have been mixed
with the lime at a later time. The lime may have
been used on its own for plastering or it may have
been mixed with sand to form a mortar. Ware
(1756) describes a similar procedure in England.
Hassenfratz (1825) also makes clear that the sand
and the lime were kept separate and were not nec-
essarily subsequently mixed together, indicating
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that woven wattle hurdles separated the two. The
sand (or earth) was to keep the lime from drying
out and to maintain it in a fresh, cohesive and ad-
hesive state.

A common variation on the ordinary method
as described above, and which was common, per-
haps more so in Central Europe and the Balkans
in more recent history (Koeberle 2019), would be
to lay the lump quicklime onto a bed of some of
the sand to be mixed with it. The quicklime would
then itself be covered with the remainder of the
aggregate. Slaking water, in similar proportions
to those above, would then be poured - or driz-
zled - through the sand covering to unite with and
slake the quicklime, either to a dry hydrate or to a
wetter paste, or, indeed, to a mixture of the two.
A heap of material treated in this way could then
be cut away incrementally to be mixed together
in an accurate lime to aggregate proportion. This
(as above methods) might only be defined as hot
mixing if the sand and slaked lime are mixed to-
gether immediately. If the lime is left in situ to cool
before mixing, then the method should properly
be termed ‘sand-slaking’ and would deliver a mor-
tar of somewhat different character. The ‘ordinary
method’” may be reproduced in modern pan mix-
ers, quicklime is evenly spread over a bed of part
of the aggregate within a stationary mixer. Neces-
sary volumes of water are then be poured over the
quicklime and the mixer covered to retain steam.
Once slaking is substantially complete, the mixer
is set in motion and the remainder of the aggre-
gate added, more water is added as mixing pro-
ceeds, according to the intended purpose.

Although frequently seen today as being a
‘modern’ and somehow ‘inauthentic form of
quicklime, powdered or pulverised quicklime was
used historically. When roller mills were used,
which they were from an early period, built into
the ground before free-standing machines became
the norm, the lump quicklime would be thrown
into the mixer and crushed, before slaking water
was added, followed by the sand or other aggre-
gate (Wright 1845). Performed manually, pulver-
isation inevitably involved additional labour, but
was considered to deliver the ‘strongest’ mortar
of all (Dossie 1771), as well as the most adhesive
and cohesive (De la Faye 1777). The perception of
greater strength was probably due to the absence
of residual lime lumps; the total volume of the

quicklime being binder after its slaking, although
Dossie’s assertion might usefully be tested. Dos-
sie indicates that powdered quicklime should be
mixed with the aggregate before the incremental
addition of water, the mix being kneaded as each
increment of slaking water is added. He suggests
the mixing of small batches, with a trowel, and
indicates that this should be done whilst still hot.
Powdered quicklime is currently the most com-
monly used form of quicklime today and has been
the most commonly used form during the recent
revival in hot mixing. It being the most readily
available in the UK has been the primary reason
for this, although for those new to the material,
its method of preparation - whether mixed by
shovels, or mechanically - is little different from
the mixing of dry hydrated binders of all kinds,
although it remains essential to observe the initial
slaking water to quicklime volumes. The use of
powdered quicklime avoids any risk of late-slak-
ing, removing anxiety about hot use, especially
for plastering. Elsewhere in Europe and across the
world, although they are scarce, small-scale tradi-
tional lime burners remain and traditional lump
lime is more readily available, in the author’s ob-
servation.

The initial pulverisation of natural hydraulic
limes, when these were used, was common in the
UK during the late 18th and 19th centuries. This
accelerated what could otherwise be a very slow
slake (sometimes up to 12 hours), as did the use of
hot slaking water. Pasley (1826) states that whilst
such powdering of the quicklime was routine for
Blue Lias NHL (used for concretes and for some
water works), it was also, at that time, becoming
increasingly common for fat quicklimes as well. It
is possible, if not likely, that many of the mortars
interpreted as having been made with lime putty -
due to the general absence of residual lime lumps
- were, in fact made with powdered quicklime.
For all that, these still represent a relatively small
minority of analysed mortars. (HES Technical Pa-
per 32). Plaster mortars can be similarly interpret-
ed, where a hot mixed plaster has been laid down
to allow for late slaking to occur, and knocked up
immediately before application. That said, the au-
thor has seen very few historic plasters the mor-
tars of which were not hot mixed, and which do
not display a multitude of residual lime inclusions;
lime putty being reserved for the fine finish coats
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Fig 23. Hot limewashed exterior, reinstating original coating and pigment (iron sulphate). Bishop Burton Old Hall.
Limewash offers moisture buffering and capillary activity across the whole surface area of building elevations (photo by
N. Copsey).

over these hot mixed backing coats, whether these
coats were of earth-lime or of lime and sand.

Earth-lime mortars would have been general-
ly prepared using the ordinary method. Although
the quicklime proportion tended to be less, it re-
mained important that the lime was slaked at the
necessary temperature prior to mixing with the
clay-bearing subsoil or loam.

Limewashes (and grouts) would have been
prepared similarly to lime putty, as described
above, the former diluted somewhat after initial
slaking and poured through a sieve to remove un-
slaked lumps prior to application whilst still hot.
Such sieving was also common for the making of
lime putty for bricklaying (when the joints were
very fine); the lime putty pressed through a hair
sieve and used as a bedding mortar whilst still hot
(Langley 1750, Pasley 1826). This avoided the need
to lay the lime putty down and allowed for hot use,
when the lime putty remained ‘flowing” and very
straightforward to use. Hot limewash takes similar

advantage of the easy flow of lime when it remains
hot, and before it thickens on cooling (See Fig. 23).

CONCLUSIONS

Pure and nearly pure lime mortars and earth-
lime mortars were essential elements — perhaps the
most essential elements — of building technology
and construction over many thousands of years. As
a system, traditional building technology was rel-
atively simple and straightforward, generally sus-
tainable and made good and sensible use of locally
available natural materials, and these were often
processed and altered, typically by the use of fire.
Mortars were critical to the success and longevity
of such systems and were generally porous, as were
most other building materials. Most were built by
practical men and women drawing upon centu-
ries and more of learning and experience. That
hot mixed lime and earth-lime mortars were the
ubiquitous mortars of construction for so long as
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humanity built structures at all is, quite simply, be-
cause they were the fittest materials for purpose and
delivered dwellings and other structures that were
healthy in themselves and healthy for those who
occupied them. As modern craftspeople around
the world are increasingly coming to understand,
they remain the mortars most fit for purpose, for
new builds, so long as the buildings themselves are
designed within similar parameters and to similar
principles as traditionally, and for the conservation
and repair of existing structures applying rational
principles of ‘like-for like’ and compatibility.

“The technical evidence does not point to short
cuts in the achievement of good building; it points
consistently to the discovery by scientific means
of the rationale of established building traditions,
which should be altered only with the full knowledge
of the consequences...” (RIBA 1946).
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REZIME

RUDIMENTI TRADICIONALNE
PRIPREME I UPOTREBE MALTERA

KLJUCNE RECI: ZIVI KREC, KRECNI MALTER,
BLATNO-KRECNI MALTER, VRUCI POSTUPAK,
GASENJE KRECA, PUCOLANI, PROPORCIJE MAL-
TERA.

Zaklju¢ak koji se moze dobiti iz zanatskog
iskustva o kome svedo¢i mnostvo postojecih kon-
strukcija, kao i medusobno doslednih tekstova o
kre¢u i malteru pisanih tokom poslednjih 2.000
godina, a najmanje do 1925. godine, iz obilja ar-
hiviranih gradevinskih izve$taja i specifikaci-
ja tokom slicnog perioda, kao i iz savremene
nauke o materijalima, je taj da je Zivi kre¢ sa vi-
sokim sadrzajem kalcijuma bio osnova za vecinu
tradicionalnih maltera. Specifi¢ni agregati ovih
maltera mogu varirati u zavisnosti od dostup-
nosti i geologije, kao i od predvidene namene, a
metodologija i razumevanje nacina njihove pri-
preme i upotrebe su bili izuzetno postojani od
najmanje 10.000 pre nove ere, da bi bili prekinuti
i obezvredeni tokom XX veka. U to vreme tradi-
cionalna zanatska praksa i znanje postaju sve vise
izazvani i podriveni unutar gradevinske industri-
je, a uspostavlja se nova i prethodno nepostojeca
gradevinska tehnologija, omogucena razvojem
sve viSe globalizovanog industrijskog kapitalizma
i uz promenljivu ravnotezu klasnih snaga unutar
industrije. Ovo tradicionalno znanje i razume-
vanje je dodatno umanjeno i kompromitovano
- jako sa najboljom namerom - greskama, ne-
sporazumima i kognitivnim predrasudama u ok-
viru razli¢itih pokreta za ponovno uspostavljanje
upotrebe kre¢nih maltera za ocuvanje i sanaciju
starih gradevina, a nakon ,preporoda krec¢a“ u

Skandinaviji i Velikoj Britaniji posle 1975. godine.
Tradicionalni malteri pripremljeni tradicionalnim
metodama gasenja i uz tradicionalne proporcije,
izuzetno su pogodni za ovu namenu. Optimalno
su obradivi u upotrebi, nude odgovarajucu trajnu
vezu i odli¢nu efektivnu poroznost, dok su sli¢ni
i kompatibilni sa postoje¢im tkivom gradevine,
nude¢i odrzivije opcije ne samo za sanaciju ovog
tkiva, ve¢ i za nove konstrukcije. lako nam osta-
je jo§ mnogo istrazivanja o nijansama i detaljima
tradicionalnih maltera, mora se reéi da znamo da
oni “funkcionis$u’”, kao $to su to znali i u proslosti,
sve dok postujemo i primenjujemo znanje i ra-
zumevanje o njima - onih koji su ovde bili pre nas,
i sve dok priznajemo, pre svega, da stojimo na ra-
menima divova, od kojih su veéina poznati samo
po gradevinama i strukturama koje su stvorili.

* Ok

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u reZimu otvorenog pristupa. Clanci objavl-
jeni u casopisu mogu se besplatno preuzeti sa sajta
i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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MASTER CONSERVATION PLAN FOR THE ARCHAEOLOGICAL SITE
OF STOBI: GOALS AND OUTCOMES

ABSTRACT

The Master Conservation Plan for the archaeological site of Stobi was created in cooperation between
NI Stobi (RN Macedonia) and the Balkan Heritage Foundation (Bulgaria), with the generous support of
the J. M. Kaplan Fund (USA). The plan was produced in the period between 2019 and 2021, involving
professionals from the partnering institutions as well as foreign and local experts. The Master Conservation
Plan for Stobi is a strategic document created with the main goal of offering directions and recommenda-
tions for the better preservation and presentation of the diverse cultural heritage of the site, to promote a
modern methodological approach in the assessment of the potential risks, damage and problems, to offer
the best possible solutions, to foster the usage of the proper conservation materials and methods, and to
point to the importance of building institutional capacity and using skilled professionals in the field of
cultural heritage preservation. The plan also offers directions for the improvement of the tourist presenta-
tion of the site, as well as guidelines for the development of a fundraising strategy, with a list of potential
donors, programmes, funds and grants. The plan especially emphasises the recommendations concerning
two segments of our work: authentic preservation and preventive conservation during ongoing excavations,
practiced worldwide, which is crucial for the preservation of the excavated structures. Also to diminish the
disbalance between excavations and conservation, for which wholesale changes in the legislation, especially
concerning archaeological remains, are needed. In fact, the Master Conservation Plan is a basic tool for
present and future managers of the archaeological site of Stobi to better plan short- and long-term activities
related to preservation, presentation and maintenance, thus providing opportunities for the sustainable
development of the site.

KEYWORDS: STOBI,
FUNDRAISING.

CONSERVATION, PLAN, MANAGEMENT, MAINTENANCE, PRESENTATION,

The ancient city of Stobi was the largest city
in the northern part of the Roman Province
of Macedonia (Fig. 1). It is located at the con-
fluence of two largest rivers Axios and Erigon
(today’s Vardar and Crna Rivers) and on the
crossroads of major trading routes north-south
and east-west. Known as oppidum civium Ro-
manorum in the time of Augustus and later as
a municipium of citizens who were granted Ius
Italicum, the city flourished in the Roman im-

perial period. An imperial mint was established
at Stobi during the reign of Vespasian, which
produced coins until the reign of Caracalla. In
Late Antiquity, Stobi became an important Early
Christian centre and for a short time the capital
of the newly established province of Macedonia
Secunda. Surviving the barbaric raids in the 5"
and 6™ centuries, earthquakes, climate changes,
famine and plague in the 6™ century, as well as
the general decline of the empire, the city exist-
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. . e
Fig. 1. Archaeological site of Stobi, aerial view from SW, 2009 (Archive of the National Institution Stobi).

ed until the end of the 6" or early 7* century,
when it was abandoned.’

Excavations at Stobi began a century ago, dur-
ing the First World War, forty years after Leon
Hezey and Georg von Hahn independently locat-
ed the ruins of the ancient city (Hezey 1873:25-
42; von Hahn 1867: 158-160). To date, 23 build-
ings of secular and religious character, a theatre,
a library, baths, a temple of Egyptian deities, civil
and Early Christian basilicas, residential buildings
with rich architectural decoration, cemeteries and
a large collection of finds have been discovered
(Wiseman 1973; Muxkynunk 2003; Blazevska 2021:
189-215).2 The site was proclaimed as a cultural
heritage property of the first category of national

A L -
1 For the general history of the city and its urban ik i . Y
development, see: Wiseman 1986: 37-50; Mukymunk 2003. MASTER CONSERVATION PLAN FOR
Blazevska 2021: 189-215 with quoted earlier bibliography. s ;
For the final moments of life in the city and causes of its THE mnmﬂm.ml’ SITE UF
abandonment see: Wiseman 2006: 225-261; Wiseman mn‘“m wlm
2007: 85-110; Snively 2009: 37-44; Pavlovski and Blazevska : .
2017-2018: 49-83. ‘W‘
2 For extensive bibliography of the excavations at
Stobi and discovered buildings until 1973, see: Rado$evi¢ Fig. 2. Master Conservation Plan for the archaeological
1973, 233-268. The updated bibliography on Stobi will be site of Stobi, cover page (Blazhevska et al. 2021).

published in the forthcoming Studies in the Antiquities of
Stobi vol. 5 (forthcoming).

224



Blazevska, Pencheva - Master conservation plan for the... (223-232)

Archaeology and Science 14 (2018)

. SRR b R

Fig. 3. Risk from flooding: rise in the level of subterranean
waters and flooding in the Building with Arches, 2010
(Archive of the National Institution Stobi).

interest in 1956 and 1971, and in 2016 evaluated
as a cultural heritage of especial significance, sub-
category - great, based on UNESCOs criteria for
the significance, authenticity, integrity, diversity
and rarity incorporated in the national legisla-
tion.? Since the discovery of Stobi, the excavations,
preservation and presentation of the site have
been under the jurisdiction of various institutions:
National Museum in Belgrade, Council for Stobi,
Archaeological Museum in Skopje, National Mu-
seum in Veles and the Republic Institute for Cul-
tural Heritage Protection (National Conservation
Center). The National Institution for Management
of the Archaeological Site of Stobi (National In-
stitution Stobi / NI Stobi) was established in 2008
as an independent governmental institution un-
der the Ministry of Culture, with the main goal
of taking care of the site from every possible as-
pect: excavation, preservation and presentation

3 The Document for evaluation of Stobi is still
pending in the Ministry of Culture.

(Cny>x6en BecHuk 2008; Cry>x6eH BecHuk 2009).*
The different policies and strategies implemented
by the various institutions responsible for the site
in the past have resulted in the present condition
of the ancient remains, moveable finds and infra-
structural facilities.

Conservation and preservation of the discov-
ered buildings started in the 1930s, under the
patronage of the National Museum in Belgrade,
focused on presentation of the richly decorated
phase of the residential buildings. For that pur-
pose, the later walls built of sandstones and mud
mortar were removed and the remaining walls
were protected with a cement-based capping,
some of which is still visible at the site. After
World War II, the conservation of the architec-
tural remains was undertaken by the Republic In-
stitute for Cultural Heritage Protection (National
Conservation Center) until 2008, when NI Sto-
bi took over the jurisdiction of the site.® In most
cases, cement-based mortars were used for con-
servation and restoration of the architectural re-
mains, for consolidation of the mosaic and stone
slab pavements throughout the site, as well as for
restoration and anastylosis of the architectural
marble elements. NI Stobi made significant efforts
to improve the condition of the site through per-
manent maintenance and the implementation of
various conservation projects of the ancient struc-
tures and their elements, taking into consideration
available human and funding resources and na-
tional legislation. Besides the professional team of
NI Stobi, many experts from other institutions in
the country and abroad were involved in the pro-
jects. A strong collaboration has been established
with the Balkan Heritage Foundation (BHF), from
Bulgaria$, in the organisation of international field
schools in archaeology, conservation of pottery,
glass, mosaics and a variety of other educational
initiatives.

In 2018, NI Stobi received an invitation for fund-
ing from the J. M. Kaplan Fund through the part-
nering institution the Balkan Heritage Foundation,

4 For the activities of NI Stobi see the official web
site of the institution: http://stobi.mk.
5 See:  http://www.stobi.mk/Templates/Pages/

Excavations.aspx?page=3315

6 For the activities of the Balkan Heritage
Foundation see the official web site: http://balkanheritage.
org.
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Fig. 4. Risks from atmospheric influences: degradation of the discovered buildings caused by rain water, The House of

j .' i. L 3 ~' 1i ’j1 ." 3,

Polycharmos (Archive of the National Institution Stobi).

when members of the family and board visited the
site.” The decision was made that for the sustainable
preservation and presentation of the archaeological
site of Stobi, a Master Conservation Plan (MCP)
(Blazhevska et al. 2021) was urgently needed. The
plan was designed between 2019 and 2021 and be-
sides the professional team from NI Stobi and the
BHE, local and foreign experts in conservation,
presentation and fundraising were involved in its
creation. With the completion of the MCP, NI Stobi
and the BHF celebrated the 11" anniversary of their
institutional collaboration at Stobi.

The MCP for Stobi (Fig. 2) is a strategic doc-
ument created with the main goal of offering di-
rections, recommendations and strategies for the
better preservation and presentation of the di-
verse cultural heritage of the site, considering its
importance, integrity and authenticity and the
necessity for sustainable development within its
natural environment. It aims to promote a mod-

7 See:  https://www.jmkfund.org/wp-content/
uploads/2014/11/HC-GRANTS-LIST_12.2021-1.
pdf. https://www.bhfieldschool.org/news/jm-kaplan-
fund-grant-awarded-to-bhf-and-ni-stobi-for-master-
conservation-plan-for-the-archaeological-site-of-stobi.

ern methodological approach to the assessment of
the potential risks, damage and problems, to offer
the best possible solutions, to foster the usage of
the proper conservation materials and methods,
and to point out the importance of building insti-
tutional capacity and skilled professionals in the
field of cultural heritage preservation. The plan
also offers directions for the improvement of the
tourist presentation of the site, as well as guide-
lines for the development of a fundraising strategy
with a list of potential donors, programmes, funds
and grants. It is aimed at serving as a basic tool for
short- and long-term planning for present and fu-
ture managers of the NI Stobi and its professional
team and as a basis for the creation of additional
action and strategic plans, and working protocols.

The MCP contains six chapters, twelve appen-
dixes and numbered illustrations, following the
text. The first three chapters contain an introduc-
tion of the plan’s goals, structure and phases of its
development, followed by a basic description of
the site’s history, discovered buildings and other
infrastructural facilities, the significance of the
site, as well as a historical overview of its excava-
tions, conservation activities and management in-
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Fig. 5. Poor quality building material - soft sandstone, lichens and the use of cement-based mortar for conservation,

Small Bath (Archive of the National Institution Stobi).

stitutions. A brief description is also provided of
the collections of movable finds, the infrastructure
and the existing documentation.

The next three chapters deal with conserva-
tion policy and practice, visitor management,
interpretation and presentation, and fundrais-
ing and resource development. They are the key
elements in the plan. Conservation Policy and
Practice is the most important chapter in the
document, starting with the condition and a sig-
nificance assessment of the excavated and pre-
sented buildings and their decorative elements,
of the infrastructure and storage facilities, and
of the moveable finds. During the assessment
process the priority buildings and interventions
were identified, as well as reasons for their cur-
rent condition and the risks facing their further
existence.

The condition assessment of ancient features
(stone masonry and pavements), observed in the
context of the current conservation practices, has
detected various problems and risks for the an-
cient structures at Stobi (Figs. 3-6):

Natural hazards such as seismic activity in the
region and floods caused by the rise in the level

of subterranean water or the level of the rivers
Vardar and Crna;

Salts and vegetation, especially lichens;

Atmospheric influences and pollution from
traffic on the nearby motorway (the latter espe-
cially refers to the marble parts of the theatre);

Poor original construction material (most of
the buildings at Stobi are built of sandstone and
lime mortar, which easily deteriorates after being
exposed to atmospheric influences and tempera-
ture differences after excavations);

Lack of a conservation policy, imbalance be-
tween the excavations and conservation and res-
toration vs conservation as it is discovered, and a
lack of maintenance;

Lack of professional training and use of inap-
propriate conservation materials. The larger con-
servation issues detected at Stobi are the use of ce-
ment-based mortars in most of the conservation
and restoration works of the stone masonry, the
pavements and architectural decoration, and the
use of aluminium honeycomb plates as bedding
for mosaic pavements outdoors;

Current legislation and administrative is-
sues, such as long and complicated procedures,
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Fig. 6. Risk from air pollution: black surface on marble blocks at the Theatre, caused by exhaust gases from vehicles on
the nearby motorway (Archive of the National Institution Stobi).

especially for preventive and emergency conser-
vation.

Recommendations for improving the condi-
tion of the excavated structures are the most im-
portant part of the document and they include:

Establishing routine conservation processes
and protocols for interventions that are crucial for
a proper assessment of the priorities and preven-
tive interventions, based on the importance and
risk assessment.

Establishing a substantial database and set of
documentation for all processes;

Establishing protocols for routine maintenance
and monitoring that are important for long-term
preservation of the ancient structures;

Defining a proper conservation policy: philoso-
phy; standards and guidelines: (for example: a balance
between excavation and conservation and preventive
conservation vs conservation and restoration, the use
of the proper conservation materials based on the
contemporary standards, securing the buildings and
the excavated areas, defining the role and type of wall
capping and shelters in order to authentically preserve
ruins in their natural environment, etc.);

Defining reburial (for example: short- and long-

term proper reburial of ancient pools, basins and
pavements, especially for those that are not on the
visitor’s path, to facilitate their better preservation;

Defining interdisciplinary investigations and
technical conservation research for which the
establishment of partnerships with scientific in-
stitutions is needed (for example: analysis of the
effects of pollution or lichens in the processes of
stone deterioration, analysis of the original stone
and mortar composition, etc., in order to establish
a proper conservation approach);

Building professional capacities through training.

The plan especially emphasises the recommen-
dations concerning two segments of our work:
authentic preservation using original materials
and preventive conservation during the ongoing
excavations, such as wall capping or repointing, or
replacement of severely deteriorated sandstones to
preserve the stability of the walls. These activities,
which are practiced worldwide, are crucial for the
preservation of the excavated structures, but due
to rigid legislation are not possible in our country
without prepared conservation projects. There-
fore, wholesale changes in the national legisla-
tion are recommended, especially concerning the
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preservation of the archaeological remains. The
chapter is supplemented with four Appendices
where details are provided for performing various
surveys of the masonry types and a significance
assessment, the seasonal protection of pools, of
maintenance and reburial examples, shelter de-
sign, wall capping, and repointing, all using exam-
ples from other sites in the world (Herculanum,
Sagalassos, etc.), and supported by a comprehen-
sive list of references available on line. This chapter
also contains an assessment of the storage facilities
for the preservation of moveable finds at Stobi and
recommendations for their improvement, based
on the RE-ORG Model, a method for reorganising
museum storage, available at the ICCROM (IC-
CROM 2022).

Besides the condition of the ancient features
at the site, an assessment of current visitor man-
agement, and the presentation and interpretation
of the site was made. A similar analytical meth-
odological approach has been applied to analyse
the site’s presentation in various media, social
networks, educational projects and visitor’s infra-
structure. Through an evaluation of the current
condition of the site’s promotion and the activ-
ities of NI Stobi, recommendations are given for
improvement, stressing the need for a careful ap-
proach to visitor management and avoiding events
for promotional needs, because of the high risk of
damaging the vulnerable archaeological remains.
The necessity for the development of a visitor’s
management plan was emphasised, which will
contain directions for the interpretation of various
other topics and not just simple explanations of
the site’s history and ancient buildings.

One of the most serious problems in the work
of professionals and institutions in the field of
preservation around the world is undoubtedly se-
curing funding for excavations, technical research,
conservation, maintenance and preservation. The
very last chapter of the plan suggests recommen-
dations for creating a fundraising strategy with
opportunities for funding diverse aspects of ex-
cavations and scientific based research, and pres-
ervation and presentation from different sources:
state institutions, European funds, philanthropic
organizations and individual donors from around
the globe.

At the end of the MCP there are detailed de-
scriptions of the excavated buildings, with brief

details of the history of the excavation, conserva-
tion and condition assessment of each building, the
condition assessment of the collections of finds and
infrastructural facilities, as well as a list of ongoing
and planned future projects of NI Stobi.

We hope that MCP for Stobi will serve not
just as a basic tool for the effective and sustain-
able protection and management of Stobi, but will
also serve as an example for the creation of simi-
lar documents for other archaeological sites in the
country and in the region. Our goal is that this
plan will not remain just a paper document, but
that its implementation will result in the sustain-
able and systematic maintenance and preservation
of Stobi for future generations. We are happy to
announce that the first step in its implementation
comes courtesy of the J. M. Kaplan Fund, who will
fund conservation of the Theodosian Palace at
Stobi in the following three years, during which
time a training course for professionals will be in-
cluded, under the guidance of foreign experts in
architectural, mosaic and stone conservation.

On behalf of the National Institution Stobi
and the Balkan Heritage Foundation, we would
like to express our enormous gratitude to the in-
ternational and local experts and editors and all
colleagues who have participated in the creation
of this plan, and for their useful advice and con-
structive discussions during both round tables,
organized at Stobi. The Master Conservation Plan
for the Archaeological site of Stobi is available to
download from the websites of both the National
Institution Stobi® and the Balkan Heritage Foun-
dation’.
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REZIME

MASTER PLAN KONZERVACIJE ZA
ARHEOLOSKO NALAZISTE STOBI:
CILJEVI I REZULTATI

KLJUCNE RECI: STOBI, KONZERVACIJA, PLAN,
MENADZMENT, ODRZAVANJE, PREZENTACIJA,
FANDRE]JZING.

Anticki grad Stobi je bio najveci grad u sever-
nom delu rimske provincije Macedonia, kasnija
prestonica provincije Macedonia Secunda i vazan
gradski, administrativni, trgovacki i religiozni
centar tokom rimskog i kasnoantickog perioda.
Smesten na izuzetno znacajnom mestu, na us¢u
dve najvece reke Aksios i Erigon (dana$nji Vardar i
Crna Reka) i na raskr$¢u glavnih trgovackih puteva
koji su vodili od severa ka jugu i od istoka ka zapa-
du, grad je imao sve preduslove za znacajan rast i
razvoj. Prezivevsi varvarske napade u V i VI veku,
zemljotrese, klimatske promene, glad i kugu u VI
veku, kao i opste slabljenje carstva, grad je opstao
sve do kraja VI ili ranog VII veka, kada je napusten.

Arheoloska iskopavanja grada Stobi zapoceta
su pre jednog veka, tokom Prvog svetskog rata,
a sprovode se i danas, dok su prve aktivnosti na
za$titi otkrivenih antickih ostataka pokrenute
tokom tridesetih godina proslog veka. Do dan-
as su otkrivene dvadeset Cetiri bogato ukrasene
gradevine javnog, privatnog, svetovnog ili reli-
gioznog karaktera: pozoriste, biblioteka, hram
posvecen egipatskim boZanstvima, civilna i
ranohri$¢anske bazilike, stambene gradevine, kao
i velika kolekcija predmeta.

Nalaziste je proglaseno kulturnim dobrom od
nacionalnog interesa prve kategorije, 1956. i 1971.
godine, a 2016. godine je vrednovano kao poseb-
no kulturno naslede od velikog znacaja, i to prema
Uneskovim kriterijumima za znacaj, autenti¢nost,
integritet, raznolikost i retkost, koji su ukljuceni
u nacionalno zakonodavstvo Republike Severne
Makedonije.

U proteklh sto godina, iskopavanja, zastita
i prezentacija nalaziSta su bili pod nadlezno$éu
razli¢itih institucija. U 2008. godini je osnovana
Nacionalna institucija za upravljanje arheoloskim
nalazi$tem Stobi (National Institution Stobi / NI
Stobi), kao nezavisna vladina institucija pod okril-
jem Ministarstva kulture, sa ciljem brige o nala-
zi$tu sa svakog moguceg aspekta: iskopavanja,
ocuvanja i prezentacije.

Razlicitost politika i strategija primenjenih od
strane razli¢itih institucija odgovornih za nalaziste
u proslosti dovela je do sadasnjeg stanja antickih
ostataka, pokretnih nalaza i infrastrukturnih ob-
jekata.

Glavni problemi zabelezeni na nalazistu su:

- Upotreba neadekvatnih materijala za konzer-
vaciju - maltera na bazi cementa u konzervaciji i
restauraciji arhitektonskih ostataka, mozaika i po-
dova od kamenih ploca, kao i u restauraciji i anas-
tilozi mermernih elemenata arhitekture;

- Nedostatak balansa izmedu iskopavanja i
konzervacije;

- Nedostatak odrzavanja;

- Politika konzervacije koja se zalagala za
neumerenu restauraciju umesto konzervacije os-
tataka u obimu u kom su pronadeni.

U cilju prevazilazenja ovih glavnih problema,
a u saradnji Nacionalne institucije za upravljanje
arheologkim nalazi$tem Stobi i Balkan Heritage
Foundation iz Bugarske, i uz velikodusnu podrsku
fonda J. M. Kaplan Fund (SAD), izraden je Mas-
ter plan konzervacije za arheolosko nalaziste Stobi
(Master Conservation Plan for the Archaeological
Site of Stobi) tokom perioda od 2019. do 2021. go-
dine, uz ucesée struc¢njaka iz partnerskih instituci-
ja, kao i inostranih i lokalnih eksperata.

Master plan konzervacije za arheolosko nala-
ziste Stobi je strateski document pripremljen sa
osnovnim ciljevima pruzanja uputstava i pre-
poruka za bolje o¢uvanje i prezentaciju raznolikog
kulturnog nasleda na ovom nalazistu, promocije
savremenog metodoloskog pristupa oceni po-
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tencijalnih rizika, o$te¢enja i problema, pruzanja
najboljih moguc¢ih resenja, negovanja upotrebe
adekvatnih metoda i materijala u konzervaciji i
isticanja znacaja gradenja institucionalnih kapac-
iteta i obucenih stru¢njaka u oblasti oc¢uvanja
kulturnog nasleda. Plan takode pruza uputstva za
unapredenje turisticke prezentacije nalazista, kao
i smernice za razvoj strategije fandrejzinga sa li-
stom potencijalnih donatora, programa, fondova
i grantova.

Plan posebno naglasava preporuke vezane za
dva segmenta naseg rada: ocuvanje i preventivnu
konzervaciju tokom tekucih iskopavanja koji se
praktikuju $irom sveta, a $to je klju¢no za ocuvan-
je iskopanih struktura, ali i za umanjenje nerav-
noteze izmedu iskopavanja i konzervacije, za $ta
su potrebne ozbiljne promene u zakonodavstvu, a
posebno u njegovom segmentu vezanom za arhe-
oloske ostatke.

Zapravo, Master plan konzervacije za arhe-
olosko nalaziste Stobi predstavlja osnovni instru-
ment za sadasnje i buduce upravljace arheoloskim
nalazi$tem Stobi, kako bi bolje planirali krat-
koro¢ne i dugoro¢ne aktivnosti vezane za ocuvan-
je, prezentaciju i odrzavanje ovog nalazista, i na
taj nacin obezbedili moguénosti za njegov odrzivi
razvoj.

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u ¢asopisu mogu se besplatno preuzeti sa sajta
i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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CONTEMPORARY APPROACHES TO THE REVITALISATION,
PRESENTATION AND PROMOTION OF THE CULTURAL AND
NATURAL HERITAGE OF THE PART OF THE ROMAN LIMES -
CASE STUDY OF THE LATE ANTIQUE TOMB IN BRESTOVIK

ABSTRACT

The Roman Limes is recognised as a serial cultural property of exceptional universal values of interna-
tional importance by UNESCO. In the Republic of Serbia, it includes the Danube Valley. The protection,
revitalisation, presentation and promotion of sites along the Danube in Serbia is a prerequisite for the entry
of this part of the Roman Limes on the UNESCO World Cultural and Natural Heritage List. Bearing in
mind the current state of a large number of sites, the question of their protection, revitalisation, presenta-
tion and promotion in a contemporary context arises. Referring to the principles of international charters
and conventions, the main goal of this paper is to spread knowledge about the possibilities of the protec-
tion, revitalisation, presentation and promotion of the cultural and natural heritage of the Roman Limes
in Serbia, all for the integration of cultural and natural heritage into the contemporary environment and
the establishment of sustainable landscape development. The results are presented through a case study of
the late antique tomb in Brestovik, through the conceptual solutions of architecture students, within which
the possibilities of integrating contemporary architecture into spaces of natural and historical values were
examined. The expected results include raising awareness of the possibilities of integrating natural and
cultural heritage into a contemporary context, as well as considering the natural and cultural heritage as a
driver for establishing sustainable landscape development.

KEY WORDS: ROMAN LIMES, CULTURAL AND NATURAL HERITAGE, LATE ANTIQUE TOMB,
CONTEMPORARY REVITALISATION AND PRESENTATION, SUSTAINABLE DEVELOPMENT

INTRODUCTION
Roman Limes

The Roman Limes represents the former bor-
der between the Roman Empire and other, the
so-called, “barbarian territories”. Considering the
dominant position of the Roman Empire through-

out history, which is supported by the evidence of
the territorial spread of the Roman Empire on
three continents — Africa, Europe, and Asia, the
Roman Limes represents a significant testimo-
nial of the existence, development, intertwining,
and alternation of different and various social
and cultural influences that shaped life over time
on the border of the Roman Empire. Nowadays,
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the remains of the former Roman Limes consist
of many sites of different periods of origin (pre-
historic, classical antiquity, and the Middle Ages).
It also includes different types of sites such as,
fortlets and watchtowers, legionary and auxiliary
forts, settlements, and necropolises (Mrdi¢ and
Golubovi¢, 2014:101). The rediscovery and study
of the site of the Roman Limes enables a revival
and understanding of the customs, cultures, and
traditions of the people who were an inseparable
part of the Roman Limes and who shaped life on
the border of the Roman Empire.

Within the borders of the European continent,
the natural border of the former Roman Empire
includes the courses of large rivers, among which
the Rhine and Danube rivers stand out. Along the
banks of the Rhine and Danube, an elaborate de-
fensive system was built. As a result of the exis-
tence of these numerous fortifications, the rivers
became a sort of first defensive shield against en-
emy attacks on the territory of the Roman Empire
(Mrdi¢ and Golubovi¢, 2014:101). Although pri-
marily in the role of protecting the border of the
Roman Empire, the built defence facilities enabled
the emergence and development of life on the Ro-
man Limes, as seen in the evidence of the remains
of many settlements and necropolises. The Roman
Limes is, therefore, not only a testimony to the
power and wealth of the former Roman Empire,
but also a testimony to the former life along the
border, which is rediscovered through the study of
the remains of the natural and cultural heritage of
the Limes itself.

The importance of the study, protection, presen-
tation, and promotion of the Roman Limes on an
international and global level has been recognised by
UNESCO. Based on the UNESCO initiative, a trans-
national project for the protection, presentation,
and promotion of the cultural and natural heritage
of the Roman Limes was launched, under the name
“Frontiers of the Roman Empire” (Cvjeti¢anin 2013;
Mrdi¢ and Golubovi¢, 2014:102-103). This project
aims to preserve the remains of the Roman Limes in
Europe, Asia, and Africa. The project began with the
inscription of the Antonine Wall in Scotland to the
UNESCO List of World Cultural Heritage, in 2008
(Breeze 2009: 39-72). Germany, Great Britain, The
Netherlands, Austria and Slovakia, on whose territo-
ries the sites belonging to the remains of the Roman
Limes can be found, have entered sites on the UN-

ESCO List of World Cultural Heritage and numer-
ous other countries are in the process of registering
(Cvjeti¢anin 2013; Mrdi¢ and Golubovi¢, 2014:102-
103). The Republic of Serbia, through whose terri-
tory the Danube river flows and which is part of the
Roman Limes, is in the process of registering as well
(Cvjeti¢anin 2013; Mrdi¢ and Golubovi¢, 2014:102-
103). However, in order for sites to be included in the
UNESCO List of World Cultural Heritage, they must
be properly protected, presented, and promoted, as
laid out in the “Operational Guidelines for the Im-
plementation of the Convention on World Heritage”,
verified by the UNESCO organisation (UNESCO
2021:42-43).

Consequently, this paper aims to highlight the
necessity of studying the natural and cultural-his-
torical values of the part of the Roman Limes lo-
cated on the territory of the Republic of Serbia.
The length of the Danube river through the Re-
public of Serbia is 588 kilometres and it keeps the
testimony of the natural and cultural heritage of
the part of the Roman Limes that requires a cer-
tain type of protection, presentation, and promo-
tion in the contemporary context, in order to enter
the UNESCO List of World Cultural Heritage as
part of the heritage of the border of the Roman
Empire. In 2015, a tentative list of sites in Serbia
was submitted and adopted, while in 2020, the list
was revised by Serbia, and now includes 35 sites
(UNESCO 2020).

Roman Limes in Serbia

Within the territory of the Republic of Serbia, the
Roman Limes includes the course of the Danube riv-
er. Geographically and spatially, the study of the part
of the Roman Limes in the territory of the Republic
of Serbia can be divided into three sections: the Pan-
nonian section, the Moesian section, and the Iron
Gates section (Figure 1) (Korac et al, 2014:37)

The Pannonian section includes the area
along the banks of the Danube on the territo-
ry of Vojvodina — Srem, Banat and Backa, and
extends to Belgrade. This part of the Roman
Limes stands out for its large number of for-
tifications and watchtowers, which were built
for the needs of the Roman garrisons. The evi-
dence of their existence are numerous remains
of former buildings, but also the remains of
settlements and necropolises that point to the
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PANONNIAN SECTION

MOESIAN SECTION

IRON GATE SECTION

Fig. 1. Roman Limes in Serbia (map by J. Séekic).

origin and development of life on the border
of the Roman Empire (Kora¢ et al, 2014:47-
49). Among the discovered and explored sites,
those that stand out are: the Dumbovo site (re-
mains of a settlement,), the sites in Susek and
Nestin (watchtowers), the Bac site (fortifica-
tion and port), the Ilok site (fortification), the
site in Bege¢ (Castelum Onagrinum - fortifica-
tion), the site near Cortanovci (Ad Herculem
—fortification), the site at Petrovaradin (Cusum
- auxiliary fort), the site near Stari Slankamen
(Acumincum - ancient fortification under the
medieval fortification), the site in Surduk (Rit-
tium -fortification), and the site in Zemun
(Taurunum —fortification, settlement, and ne-
cropolis) (Pordevi¢ 2007).

The Moesian section extends geographical-
ly between Belgrade and Golubac, including the
course of the Danube river and its embankment.
Given the geographical and morphological char-
acteristics of the Moesian section, which is dom-
inated by wide valleys, this part of the Roman
Limes within the territory of today’s Republic of
Serbia was part of the border among those most
exposed to enemy attacks. Consequently, the
Moesian section was the most important part of
the border of the Roman Empire in the defence
system (Kora¢ et al. 2014:50-53). Confirmed sites
of the Moesian section are the one located under
today’s Belgrade (Singidunum -Roman city and
legionary fortress), a site in Vi$njica (Castrum Oc-

tavum - auxiliary fort), sites in the area of Ritopek
(Castra Tricornia - auxiliary fort), site near Gro-
cka (Brestovik — a tomb), a site in Seone (Aureus
Mons — a settlement), a site in Dubravica (Margum
— a settlement and a fort), a site in Stari Kostolac
(Viminacium - the capital of the province of Up-
per Moesia and the legionary fortress), two sites
in Ram (Roman road with the inscription and
Lederata - auxiliary fort), and a site in Golubac
(Cuppae - auxiliary fort) with the remains of the
Roman road below the Golubac fortress (Korac¢ et
al. 2014:50-53).

The section of Iron Gates includes the course
of the Danube river within the Iron Gates gorge.
Bearing in mind the geographical and morpho-
logical characteristics of the Iron Gates gorge,
which represents a composite river valley com-
posed of four gorges (Golubac, Gospodin vir, Ka-
zan, and Sip) and four valleys (Ljupkova, Donji
Milanovac, Orsavska, and Wallachia-Pontic low-
lands), the Iron Gates section of the Roman Limes
represented is one of the most challenging parts
of the border of the Roman Empire from the per-
spective of defence infrastructure (Koraé et al,
2014:54). As a result, smaller military fortifica-
tions for auxiliary troops of the Roman army were
built in the Iron Gates gorge, while larger settle-
ments, fortifications, and ports were built in the
valleys where the space for construction was more
accessible (Kora¢ et al, 2014:54). Explorations of
the Iron Gates section began in the 19th century,
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and numerous books and travelogues indicate the
existence of more than 80 archaeological sites,
among which Roman fortifications prevail (Kora¢
et al, 2014:55). The most extensive protective re-
search of this part of the Roman Limes, the results
of which can be found in the publications of the
Institute of Archaeology in Belgrade - “Derdapske
sveske (Cahiers des Pontes de Fer) I, II, III, IV,
were carried out in the 20th century (Kondid,
1980, 1984, 1986, 1987). After the beginning of
the work of the Iron Gates Hydroelectric Power
Plant, numerous sites were submerged and, as a
result, almost forgotten. The sites still visible and
partly accessible in this section are Cezava (No-
vae - auxiliary fort) in Dobra, a site named Ha-
jducka Vodenica (auxiliary fort), a site in Miro¢
(Gerulata - auxiliary fort), Trajan’s tablet (imperi-
al rock inscription with the section of the Roman
road), a site in Karata$ (Diana - auxiliary fort), a
site in Kostol (Pontes - auxiliary fort with Trajan’s
Bridge), a site in Rtkovo (Glamija - fortlet), a site
in Brza Palanka (Egeta - three auxiliary forts), a
site in Mihajlovac (Mora Vagei - fortlet), a site in
Prahovo (Aquae - city), and a site in Radujevac
(Cetace - fortlet). (Koraé et al, 2014:67-87; UNE-
SCO 2020).

Cultural and historical values of the Moesian
section

As already mentioned in this paper, the Moe-
sian section (Figure 2) represented one of the
most vulnerable parts of the Roman Limes on the
territory of today’s Republic of Serbia, because
of which more attention was directed towards its
protection. The Moesian section is characterised
by a large number of sites that are the remains
of military fortifications and settlements built in
their surroundings (Figure 3).

Singidunum is a Roman legionary fortress
around which a settlement and necropolis de-
veloped. According to its geographical position,
at the confluence of two rivers, the Danube and
the Sava in Belgrade, Singidunum represented an
important military stronghold, but also a town,
a trade and economic centre. Many discovered
archaeological remains testify to its multi-lay-
ered importance (Pordevi¢, 2019:38-41). Based
on the decision from the Institute for the Pro-
tection of Cultural Monuments of the City of

Belgrade, ancient Singidunum was recognised as
and declared an immovable cultural asset in 1964
(Resenje 1964).

The site of Viminacium includes the remains
of a legionary fortress and a Roman city, the cap-
ital of the province of Upper Moesia. Its location
is in the village of Stari Kostolac, just 12 kilome-
tres from the town of Pozarevac (INSKD 2020b).
Considering its role as a former military and ad-
ministrative centre, Viminacium is recognised as
an archaeological site of exceptional importance.
Based on the decision on determining immovable
cultural assets of exceptional and great impor-
tance, the Viminacium site was declared a cultural
asset of exceptional importance for the then So-
cialist Republic of Serbia in 1979 (Odluka 1979).

The site of Lederata is located on the right bank
of the Danube river, near the village of Ram. It rep-
resents the remains of an auxiliary fort from the
end of the 1st century and later building phases up
to the 6th century. The fort’s hilly position above
the river predetermined the function of Lederata
as a defensive fortification for the protection of the
river crossing (INSKD 2020a). The fortification’s
significance was also recognised by the then So-
cialist Republic of Serbia. The site of Lederata was
declared a cultural asset of great importance in
1987, based on the decision regarding the deter-
mination of immovable cultural assets of excep-
tional and great importance (Odluka 1987).

The shown sites indicate the cultural and his-
torical values of the Moesian section as part of the
Roman Limes that is located on the territory of the
Republic of Serbia. Above all, it also showed its de-
fensive importance in the military protection sys-
tem of the borders of the Roman Empire. Howev-
er, although it is mainly dominant in its defensive
role, the Moesian section includes sites of other
functions. One of them, which, from the perspec-
tive of the protection, presentation, and promo-
tion of cultural heritage, has been unduly neglect-
ed, is the late antique tomb in Brestovik, chosen
as a case study within this paper. The Brestovik
tomb represents a kind of testimony of social and
cultural values, but also beliefs, customs, and tra-
ditions of the time.
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Fig. 2. Cultural and historical values of Moesian section
a. Remains of old Roman castrum of Singidunum (@Crnibombarder/Wikimedia Commons/CC BY-SA 3.0, https://
upload.wikimedia.org/wikipedia/commons/thumb/9/92/Singidunum_ostacil.jpg/350px-Singidunum_ostacil.jpg,
accessed October 9th, 2022);
b. Mausoleum in Viminacium (Perpetuum Mobile, Viminacium: Grad careva, grobova, mamuta i brodova, @2014-2022
Milan Mirkovi¢, https://www.perpetuummobile.blog/2020/08/viminacijum.html, accessed October 9th, 2022)
c. Remains of Lederata fort tower (Boom93, Kakve se jo$ tajne kriju u Ramu, @Narodni muzej PoZarevac, https://
boom93.rs/info/drustvo/kakve-se-jos-tajne-kriju-u-ramu/, accessed October 9th 2022)
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Fig. 3. Moesian section - archaeological sites source (map by J. S¢eki¢, October 2022).
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NEW APPROACHES TO THE
PROTECTION, PRESENTATION
AND PROMOTION OF CULTURAL
AND NATURAL HERITAGE IN THE
CONTEMPORARY CONTEXT

The previous analysis of the Roman Limes, as
well as the overview of important sites that belong
to different historical periods and with different
purposes, indicates its multi-layered importance,
both on the level of the Republic of Serbia as well
as on the global level. Consequently, the necessity
of adequate protection, presentation, and promo-
tion of the cultural heritage of the Roman Limes as
a piece of heritage of the entire humanity, in accor-
dance with the needs and ways of contemporary
life, is highlighted. In that regard, the importance
of studying international documents, charters,
and declarations, verified by relevant organisa-
tions working on the protection, presentation,
and promotion of cultural and natural heritage on
the global level, is emphasised, among which are
UNESCO (United Nations Educational, Scientif-
ic and Cultural Organisation - a United Nations
organisation specialising in education, science
and culture throughout the world), the Council
of Europe and international non-governmental
organisations, such as: ICOMOS (International
Council on Monuments and Sites), ICCROM (In-
ternational Centre for the Study of the Preserva-
tion and Restoration of Cultural Properties) and
Europa Nostra (Europa Nostra — The Voice of Cul-
tural Heritage in Europe) (Nikoli¢ 2022:50). With-
in the framework of documents, declarations, and
charters that are important for the study of cultur-
al and natural heritage, principles and guidelines
for their protection, presentation, and promotion
in the contemporary context are defined, aligned
with the imperative of preserving their natural
and cultural and historical values. Therefore, their
study is a prerequisite for any dealings with cultur-
al and natural heritage in the contemporary con-
text. Bearing in mind the subject and problem of
this research paper, which refers to the contempo-
rary principles of the revitalisation, presentation,
and promotion of cultural and natural heritage
researched in the case study of the late antique
tomb in Brestovik, the importance of studying the
Florence Landscape Convention (Council of Eu-
rope, 2000), the Charter on Cultural Routes from

Quebec (ICOMOS 2008), and the Nara Document
on Authenticity is particularly emphasised (ICO-
MOS 1994).

Within these documents, the concepts of cul-
tural and natural heritage, cultural landscape, and
cultural routes are more closely defined. Also, the
potential of viewing cultural and natural heritage
through the concept of the protection, presenta-
tion, and promotion of the authenticity of cultural
and natural heritage, as well as the presentation
and promotion of landscapes and cultural routes,
allows cultural and natural heritage to be seen as
an inseparable part of the environment in which
they are located.

The importance of studying the authenticity
of cultural and natural heritage is especially high-
lighted from the aspect of recognising the value
of the cultural and natural heritage that should be
protected, presented, and promoted in the con-
temporary context (Nikoli¢ 2022:111-116). The
term authenticity defined this way indicates the
complexity of authenticity as a quality of heritage,
but also its importance in the process of preserv-
ing heritage, which requires a comprehensive
consideration of all its values, both material and
immaterial, but also a dedicated search for the
truth that should be preserved and appropriate-
ly presented and promoted in the contemporary
context. The importance of the Nara Document
on Authenticity is particularly emphasised when
integrating contemporary architecture into spaces
with pronounced natural, cultural, and historical
values, where the preservation of all existing cul-
tural and historical layers that built the identity of
the cultural heritage over time and influenced its
current state is an imperative in the process of the
protection, presentation, and promotion of cul-
tural heritage in the contemporary context (Roter
Blagojevi¢ et al, 2013:20-24).

The use and respect of the principles of pro-
tection, presentation, and promotion of cultural
and natural heritage defined in the framework of
internationally recognised documents, charters,
and declarations, with an examination of the pos-
sibility of their implementation within the project
framework of the protection and revitalisation of
natural and cultural heritage through contempo-
rary architectural expression, represents a possible
method for the integration of natural and cultur-
al heritage into contemporary trends, and seeing
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them as an integral part of the space in which they
are located, something that is also sought in the
case study of the late antique tomb in Brestovik.

TEACHING IN THE FIELD OF THE
STUDY AND PROTECTION OF
ARCHITECTURAL HERITAGE AT
THE UNIVERSITY OF BELGRADE -
FACULTY OF ARCHITECTURE

Within the Faculty of Architecture’s teaching
process at the University of Belgrade, the success-
ful and long-term development of the teaching
programme in the field of the study and protec-
tion of architectural heritage, in compulsory as
well as optional subjects, is noticeable. These pro-
grammes are in line with the guidelines adopted
for education and training for the conservation
of monuments, ensembles, and sites by ICOMOS
in Colombo in 1993 (Roter Blagojevi¢ i Nikoli¢,
2013: 45). These guidelines stipulate that in the
educational system and training for conservation,
it is a necessity to transfer all the necessary knowl-
edge to those who directly or indirectly affect the
cultural heritage. According to that, the basic
recommendations defined by the guidelines have
been incorporated in various ways into the system
of education and improvement of conservation
practices in certain European countries, as well as
at the Faculty of Architecture in Belgrade.

The methodology of the elective course History
and Theory 3 - Ancient Heritage in the Region

During classes in the autumn term 0£2020/2021
at the University of Belgrade’s Faculty of Architec-
ture, a course was part of a syllabus in the second
year of the master studies, i.e., in the fifth year of
integrated academic studies in architecture, enti-
tled History and Theory 3 - Ancient Heritage in
the Region, led by Assistant Professor Dr Marko
Nikoli¢ and Teaching Assistant Ena Takac. A total
of 28 students from the master’s academic studies
in architecture and 12 students from the integrat-
ed academic studies actively attended the course
(Nikoli¢ i Takac¢, 2021: 202). The teaching process
in this subject consisted of lectures and exercis-
es, during which students had the opportunity to
become acquainted with modern methodological
approaches to research and the valorisation of an-

cient heritage in the world, as well as on the terri-
tory of the Republic of Serbia, and to address the
problems and methods of defining the potential
and possibility of restoration of the ancient heri-
tage in accordance with contemporary needs. The
topic of the research in the subject was related to
the study of the ancient heritage on the territory of
the city of Belgrade, through the study of the late
Roman tomb in Brestovik and the possibilities of
its protection, revitalisation, and presentation.

Cultural and historical values of the late
Roman tomb in Brestovik and its surroundings

The village of Brestovik is located 28 km east
of Belgrade, within the boundaries of Grocka
borough, near the Danube river. Like many small
towns in Serbia, Grocka was organised in an ori-
ental manner, with a busy bazaar in the centre of
the settlement. The settlement consists of houses
that are made of bondruck (houses with a wall
construction made of a visible skeleton of wooden
beams), and which, with their architectural and
ethnographic values, represent the largest do-
mains of construction, housing, and local culture
in our national architecture. Houses in the Grocka
style are spacious single-family dwellings of differ-
ent types of bondruck country houses, with three
to four rooms, a porch, and a veranda (Byjosuh
1994: 341). Brestovik has a similar character to the
municipality to which it belongs, a spontaneous
character, created on hilly terrain, Brestovik, like
Grocka, has village-type buildings that are in very
bad condition. (Figure 4)

The late Roman tomb in Brestovik represents
evidence of life in Brestovik even in Roman
times. It represents one of the most precious
monuments from the ancient period, not only on
the territory of Belgrade but also on the whole
territory of Serbia. The late Roman tomb is locat-
ed right next to the village cemetery, on the site
that locals call Vukasin’s church. The tomb is po-
sitioned in a diverse landscape on a hill that had
a potential of viewing the entire landscape and
creating a visual connection with the Danube
river, which, due to contemporary construction,
does not exist now. Emphasizing the potential of
the natural environment is one of the key aspects
of connecting this site with its visitors (Nikoli¢ i
Takac¢, 2021: 206).
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The tomb’s layout and the found artifacts indi-
cate the connection of the tomb with pagan heroes
and sanctuaries of the imperial cult. Considering
that, this tomb represents a link in the chain of
development between ancient and early Christian
cult buildings. The tomb was built in the second
half of the 3rd or at the beginning of the 4th centu-
ry AD (Byjuunh-Bynosuh, 1967:85). It represents
the type of building from which complex Chris-
tian buildings related to the tombstone cult would
later develop (Cumuh 2009:3). Today, the entrance
to the late Roman tomb is located on private prop-
erty, in a back garden. In other words, it requires
the visitor to pass through private property, an in-
appropriate and impractical way to visit this cul-
tural asset, which should be publicly approachable
and open to all visitors (Figure 5).

ol

Fig. 6. Brestovik — Appearance of the late Roman tomb (photo by Institute of Archaeology, May 2022, December 2019,

Fig. 4. Brestovik - late Roman tomb and its surroundings (photo by P. Marjanovi¢, June 2021, from Nikoli¢, Taka¢ 2021).

e B £ P

The current approach to the protection of the
late Roman tomb in Brestovik

The late Roman tomb in Brestovik was dis-
covered in 1895 by the then owner of the prop-
erty on which it is located. In the same year, the
first explorations of the tomb were conducted
by the architect Mihajlo Valtrovi¢. He made de-
tailed notes about the remains and artifacts that
he found there. Based on the discovered remains,
consisting of three brick sarcophagi - for two
adults and one child, parts of two figures of the
Genius of Death, and two lions guarding the
tomb entrance, together with one life-sized stat-
ue of a Roman, Valtrovi¢ pointed out in his report
that they were the remains of a Roman tomb. Af-
ter further excavations, it was determined that
this tomb dates back to the 3rd century and that
it represents the first example of a multi-cham-
bered tomb from the ancient era to be found on

AT vk

from Nikoli¢, Takac¢ 2021).
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the territory of the city of Belgrade (Bantposuh,
1906: 130). The study of the painted decoration
in the late Roman tomb was described by Mihaj-
lo Valtrovi¢ in 1905, while research and revision
excavation works on the tomb were carried out
much later in 1955 by the Institute of Archaeol-
ogy of the Serbian Academy of Sciences and the
researcher Porde Stri¢evi¢. Research concluded
that the room with the remains of the sarcopha-
gus on the west side is older than other parts of
the building (Crpuuesuh 1957: 412).

The report after all completed research and
works on renovation, which was published in
1967 by the architect Mila Vuji¢i¢-Vulovi¢, did
not clearly state exactly which interventions were
included in the conservation of the painting in-
side the tomb, which was carried out by Radomir
Gasgi¢. After the completion of the works carried
out in 1964, which are not clearly stated, the tomb
was restored to the state it is in today, which is ac-
cessible to the public (Byjuunh-Bynosuh, 1967:
91) (Figure 7).

Fig. 7. Chronological overview of the archaeological research of the late Roman tomb in Brestovik (scheme by E. Taka,
modified from Nikoli¢, Taka¢ 2021).

Research and conservation efforts on the remains
of the tomb continued in 1964 under the supervision
of the architect Mila Vuji¢i¢-Vulovi¢ (Nikoli¢, Rogi¢ i
Andelkovi¢ Grasar, 2018: 198). The focus of the work
was centred on the conservation and restoration of
the tomb’s architecture and painting. The condition
of the tomb in 1964 was very similar to that of 1955,
before the works were carried out. It was noted that
the walls of the building were damaged and that the
frescoes had disappeared in several places due to ex-
posure to atmospheric changes (Byjuunh-Bynosuh,
1967: 89). The renovation works in 1964 were con-
ducted on the architecture, that is, on the entrance
wall of the burial chamber, the walls of the apse, and
the walls of the approach area, as well as on the floors
in front of the chamber and inside the porch. In ad-
dition to the above-mentioned efforts, the renova-
tion also included access paths, as well as a plateau in
front of the tomb. (Figure 6)

With its architectural and constructional
characteristics and religious-cultural features,
the tomb represents an outstanding example of
Roman sacral architecture on the territory of the
Republic of Serbia. Consequently, in 1979 it was
declared a cultural asset of great importance.

THE POSSIBILITIES OF THE
PROTECTION, REVITALISATION
AND PRESENTATION OF THE LATE
ROMAN TOMB IN BRESTOVIK -
ACHIEVED RESULTS

After researching the cultural-historical and
natural values of the site and its development over
time, the conducted research and the current state
- based on the collected, systematised, analysed,
and valorised data, the students started working
on conceptual solutions for the protection, revit-
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alisation, presentation, and promotion of the ob-
served values of the late Roman tomb in Brestovik,
with the aim of integrating it into the contempo-
rary environment.

Project 1 - Proposed by students Milena
Ristié, Eli Janja Stojanovic¢ and Emilija Savié

The proposal for the revitalisation of the late
Roman tomb project is formed by emphasising
the solution to the main problem of accessibility
and the specific morphology of the terrain, in or-
der to preserve the ambiance. Accordingly, the ba-
sic concept of moving around the site is designed
to be carried out by using a system of ramps that
reach all points on the site and allow unhindered
movement and viewing of its complete content.
The ramp system extends over several levels and,
as it were, “collects” each object with all their func-
tions and, thus, following the route of the system,
visitors can create a story and enjoy all the possi-
bilities that the site offers. (Figure 8)

The revitalisation plan of this project envisages
the creation of a visitor centre, located at the be-
ginning of the ramp system, where visitors would
receive basic information about the site, then,
via the ramp, reach the vineyard, which includes
a wine store, a coffee bar, a viewpoint, pavilions
containing a souvenir shop and, finally, they come

to the tomb, where conservation is planned. New-
ly designed buildings are fully integrated into the
natural environment, emphasising their character.
By using stone, wood, and glass in shaping the
new content, a balance between the old and the
new is achieved, which enables the preservation of
the authenticity and ambiance of this monument.
(Figure 9)

The project, in addition to the introduction of
new complementary content, foresees the forma-
tion of a protective structure serving as a lapidari-
um, the main motive of this project, which also in-
tegrates a ramp. The formation of the lapidarium
points to the tomb as an important location for the
development of the space for education. The con-
struction of the protective building was shaped to
emphasise the connection of the natural environ-
ment with the tomb itself, which is reflected in the
formation of a semi-open structure which, by the
exclusion of one wall, enables a clear view towards
the Danube river. (Figure 10)

Project 2 - Proposed by students Teodora
Simonovic, Ana Srebro, Jelena Stanisavljevié,
Milica Miljkovi¢ and Jelena Séeki¢

The proposal for the revitalisation of the late
Roman tomb in this paper is based on improving
access to the site and its better presentation, and

Fig. 8. Proposal for arranging the parterre around the late Roman tomb (drawing and models by M. Risti¢, E. J.

Stojanovi¢ and E. Savi¢, from Nikoli¢, Taka¢ 2021).

Fig. 9. Preliminary project of the visitor centre (models by M. Risti¢, E. J.
Stojanovi¢ and E. Savi¢, from Nikoli¢, Takac 2021).
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Fig. 10. Preliminary project of the lapidarium (drawing and models by M. Risti¢, E. J.

Stojanovi¢ and E. Savi¢, from Nikoli¢, Takac 2021).

also its tangible and intangible values. Establish-
ing such an approach in order to revitalise the site,
indicates that its goal is to find a balance between
the old and the new in order to preserve the au-
thenticity and ambiance of its archaeology.

By recognising the main problem that is reflected
in the access to the site, the students proposed ar-
ranging the traffic infrastructure and the surround-
ings of the site itself. The development plan foresees
the existing access to the site being moved to the side
of the plot where the tomb is located, thus, prevent-
ing the need to go through the properties of nearby
buildings. (Figure 11) After rearranging the site’s ac-
cess, the next step related to the position of the first
content that will indicate the importance of the site
is the formation of the visitor’s centre. The centre is
designed as an exhibition space with a lecture hall,
which would offer visitors their first information
about the site. The ground-floor of the centre is de-
signed in a simple geometric form, which, with its
appearance and realisation, indicates the consistency
of the revitalisation project with its aim of not jeop-
ardising the perception of the tomb’s architecture
and its ambiance. (Figure 12)

The revitalisation of the central part of the plot
creates a piazza as the main gathering spot from
which paths branch off to other complementary
contents, such as: a wine cellar, amphitheatre, lap-
idarium, and the tomb itself. In addition to every-
thing mentioned above, in the piazza, we would
form some prefabricated pavilions, which would
represent a space for the presentation of the intan-
gible heritage, as well as a gathering place for the
local population. Within the pavilion, it is foreseen
that it would provide content to inform the site’s
visitors, in addition to including some information
about the architecture of Grocka - about its cultural
heritage and natural resources. (Figure 13)

In addition to the piazza as an organised
public space, an amphitheatre would also be
created, located next to the tomb itself. It is
placed so it can follow the fall of the terrain and
it represents a natural deflection from the vil-
lage cemetery, which is located behind the tomb
itself. Above the amphitheatre and the remains
of the tomb, which is being conserved, a steel
protective structure is formed so that it can pro-
tect the frescoes and the interior of the tomb

243



Archaeology and Science 18 (2022)

Nikoli¢ et al. - Contemporary approaches... (233-252)

Fig. 11. Proposal for arranging the parterre around the late Roman tomb (drawing and model by T. Simonovi¢, A.
Srebro, J. Stanisavljevi¢, M. Miljkovi¢ and J. Séekié, from Nikoli¢, Taka¢ 2021).

Fig. 12. Preliminary project of the visitor centre (models by T. Simonovi¢, A. Srebro, J. Stanisavljevi¢, M. Miljkovi¢ and
J. Séeki¢, from Nikoli¢, Takac 2021).

Fig. 13. Preliminary project of the piazza with pavilions (
Miljkovi¢ and J. S¢ekié, from Nikoli¢, Taka¢ 2021).

itself. By positioning the amphitheatre next to
the late Roman tomb itself, visitors are given
the opportunity to observe the landscape as a
whole, and it can also be used for open-air lec-
tures. (Figure 14)

To additionally point out the importance of
the presentation of the intangible heritage of this
area, the students, in addition to prefabricated pa-
vilions, envisioned a wine cellar. Bearing in mind
the dominant natural environment of the location
near private family houses, the wine shop was de-
signed to fit into the existing landscape. By posi-
tioning the wine shop within this site, a presenta-
tion of wine and local products is made possible,

models by T. Simonovi¢, A. Srebro, J. Stanisavljevié, M.

b | &

sl = 03

which enables the nurturing of the culture of wine
production that is a characteristic of this region.
(Figure 15)

Project 3 - Proposed by students Nevena
Petrovié, Emilija Radenkovié, Jovan
Jovanovié, Teodora Jeremié, Una Korica and
Milica Jovancevié¢

By analysing the environment in which the mon-
ument is located, to activate it and bring it closer to
visitors, this group of students approached the solu-
tion of its approach and the use of the specificity of its
disposition by proposing three options. (Figure 16)
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Fig. 14. Project of the amphitheatre and protective structure above the late Roman tomb
(drawing and model by T. Simonovi¢, A. Srebro, J. Stanisavljevi¢, M. Miljkovi¢ and J. Séeki¢, from Nikoli¢, Takaé 2021).

[k --.l

f the winery (models by T. Simonovi¢, A. Srebro, J. Stanisavljevi¢, M. Miljkovi¢ and J.

Séekié, from Nikoli¢, Taka¢ 2021)

Option 1 represents a proposal that considers
the formation of new content at the current po-
sition of the entrance to the site itself. Based on
this option, it was established that the privacy of
properties in the immediate proximity of the tomb
is being compromised and, for this reason, it is ad-
ditionally conditioned that future interventions
on this site must be of a closed nature. Looking
back to the previous option, option 2 was formed
to indicate that it is necessary to avoid close con-
tact with residential buildings by relocating the
entrance to the complex to the centre of the plot.
This option envisions a smaller building being po-

sitioned south on the street itself and this could
be used as an information centre after the revit-
alisation. Similar to option 1, this solution would
be primarily linear, and would create a climb to
the tomb, which would include exhibits along its
route. Option 3 does not resemble the previous
two concepts, as accessing the tomb is possible
from a secondary road leading to the village cem-
etery. The advantage of this solution is that the pri-
vate plots would not be disturbed, but the connec-
tion to the tomb itself would be formed on a path
that lies on the divisions of the plots. The proposed
form of the new facility may seem inconsistent and

245



Archaeology and Science 18 (2022)

Nikoli¢ et al. - Contemporary approaches... (233-252)

Wariant 1

Wartant 2 Variant 3

Fig. 16. Diagram of variations of the parterre in front of the late Roman tomb (drawings by N. Petrovi¢, E. Radenkovi¢,
J. Jovanovi¢, T. Jeremi¢, U. Korica and M. Jovancevié, from Nikolié, Takac¢ 2021).

invasive at first glance. However, this structure is
justified by the division of new content. In addi-
tion to the above, the embankment that separates
the new building from the village cemetery could
be used and, thus, a part of the building could be
subterranean. By considering all the variations,
the students concluded that the best solution for
the regeneration of this area is variant 3, which,
with its unique solution enables the undisturbed
use and presentation of the tomb.

After solving the main problem of accessing
the site itself, the students considered the concept
of the architectural project. The concept of new
content was formed in relation to the importance

floor plan

of the cult of the dead, which was present during
the late Roman period. Following that concept,
the students envisioned a multi-functional facil-
ity designed as intertwining above-ground and
underground spaces, simulating the cycle of life
through the experience of the exhibition. Conse-
quently, an object of four broken tracts that fol-
low the isohypses of the terrain was formed. The
first tract of the building is located above ground
and contains an information centre with a gallery
space where visitors can learn about the intangi-
ble heritage of Brestovik. The second tract is lo-
cated underground and introduces visitors to the
tangible heritage. Within the third tract, which is

LEGEND

INFO CENTRE, GALLERY
introducing visitors to intan-
gible heritage

GALLERY
introducing visitors to tangible
heritage

EDMICATION SPACE
with projection halls and atrium

RESEARCH CENTHE
tomb presentation

Fig. 17. Floor plan and facade of the object (drawings by N. Petrovi¢, E. Radenkovi¢, J. Jovanovi¢, T. Jeremi¢, U. Korica
and M. Jovancevié, from Nikoli¢, Takac 2021).
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found above ground, there is an educational hall
which, in addition to the projection room, also
has an atrium where lectures are held that teach
visitors about the importance and preservation of
archaeological sites. The fourth and final tract, lo-
cated underground, forms the centre for scientific
research with the purpose of presentation of the
late Roman tomb itself. (Figure 17)

Analysis of achieved student results in the
field of the protection, revitalisation and
presentation of the late Roman tomb in
Brestovik

The rich range of offered solutions speaks, on the
one hand, of the complexity of all the problems en-
countered by students during the work and, on the
other hand, about the breadth and creativity of the stu-
dents with which it is potentially possible to improve
and restore the site of the late Roman tomb in Bresto-
vik. Accordingly, the relevance and success of the pro-
tection, revitalisation, and presentation projects of the
late Roman tomb in Brestovik are viewed with regard
to three important criteria: the relationship to protect-
ed cultural-historical and natural values (Table 1), the
introduction of new complementary content (Table
2), and the use of contemporary materials in the archi-
tectural expression (Table 3).

The protection and preservation projects of the
late Roman tomb in Brestovik envisage the con-
servation of the remains (in situ) and the forma-

tion of a protective structure that, with its struc-
ture and materialisation, does not damage the
cultural-historical and natural values of this site.
The specificity that distinguishes the approaches
in the presentation of the remains of the late Ro-
man tomb in the presented projects is their rela-
tionship to the environment. With its proposal
for a protective structure, Project 1 envisages the
formation of a semi-open protective structure that
integrates the environment with the remains of
the tomb itself. That is not the case with Project 3,
which presents the remains of a tomb in a closed
structure buried underground. Complete contact
with the environment was made possible within
the framework of Project 2, by forming a protec-
tive structure whose shape fully follows the con-
figuration of the terrain.

The students works, in addition to consider-
ing the protection the remains of the late Roman
tomb site itself, also realise the importance of its
presentation. As the first problem in solving the
site’s presentation, they encountered the problem
of its accessibility and disposition, which all proj-
ects solved by proposing new access to the site and
creating new public spaces within which new cul-
tural and educational content was formed. These
allow visitors to learn about the importance of the
late Roman tomb in Brestovik (Table 2).

The students’ work that dealt with designing
new content at the site of the late Roman tomb in
Brestovik envisages the use of stone, steel, wood,

REMAINS OF A LATE ANTIOUE TOMB

Relationship with | Technical protection [Protective construction /| Malterialisalion

the emvironment measure purpose
£ | The protective buiding : ) Prolective structura ina | The bullding was made
E mtegrates with the envi- Df::qﬁl il massien System with the from & combanatian of
g ranment with its open purpose of & lapsdarium shone. steel and glass
& plan
bl
§; | The prolective structure Con sicn of rarnaing | FTOectve struciure as a | Protective structure was
@ | was craated to lollow 9"""“':::3 bl skalglal sysiem in the Torm made from a |
é the marphalogy of the of B canopy combination of steal and
- terrain glass

Tha pralactive siructure
2 | is partialy busied in the Prolective buikding in a The bailding was made
E gréund and allows the | Congereation of rernaing | Massie Sysborm with the from & combination of
& | symergy of the interor in sl purpose of a scientific re- steel and glass
£ | and the natural emviron- saarch and visnor cantre
il

Table 1. Relationship between protected cultural-historical and natural values (table by E. Takac).
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MEW STRUCTURES ON THE SITE
Public spaces Accessibilily Cultural - educational | &0 i facilities Project
conenmts
ot Morving the original Lapsdarium Cala
E| Amme sﬁml"“ e 3 | arnecs 1o e sise strest. Visitee corire Restaurin?
& straot gallery Croaling new pedestrian Gallary
g paths and ramp systems
Moving the original
o | Forming a piazza with et Laspidarium Winery
5 " access 10 the side streat. Visiter cent Cale
E profateicated pavBons | coaating naw pedestrian HOF N Rastaurant
£
o " sdarium
Dl Sommomme | vegpecen | 2R ca
§ characler of a park | 255958 10 the side street Fisssanch centre Rastayrant
£ area Vigiter centre
Table 2. Formation of new complementary content at the site (table by E. Takac).
MATERIALISATION OF NEW STRUCTURES ON THE SITE
Public spaces Accessibility Cultural - educational | & 0in0 facilities Project
content
Walls built of & combi- | Walls built of & combi-
- nation of stone and natian of stone and
5| Conten steal ramp Access 1o the building stael steal
3 system paved with stone slabs
é Roof covared with Roof coverad with
L= glass and sheet metal glass and sheat metal
' . Walls built ol & combi- Wialls built of a combi-
o Thiy piszza i paved with n nation of slone and nation of stone and
o slone slabs Access lo the building wood wood
3 . bl paved with slone slabs
awvilions built af light )
£ i Roof covared with Rood coverad with
Woodan construction glass and sheel metal glass and sheat matal
Thee walls are made ol The walls are mada ol
b _ stoal in combination with | steal in combination with
G| Thefoorisformed ol | Access o the building glass glass
§ stone slabs paved with sione slabs
&£ Roaf covared with corlen | Roof covared with corlen
steal sheal

Table 3. Use of modern materials in architectural expression (table by E. Takac).

and glass, enabling their integration into the envi-
ronment. (Table 3)

Based on the established criteria, we can con-
clude that, in the creation of their solutions, the stu-
dents have a clear definition and relocation of the
access to the site, as well as the aspiration to, through
the introduction of new artistic and educational con-
tent, retain the primary cultural-educational char-
acter of the site and, thus, make it more attractive
for visitors, as a common characteristic. By forming
this approach for the revitalisation of this ancient

heritage, the students pointed out the importance of
presenting archaeological sites and monuments, pri-
marily their tangible and intangible elements and, in
this way, the authenticity and integrity of the site to
be preserved is enabled.

CONCLUSIONS

Through theoretical and practical teaching in
the elective course History and Theory 3 - An-
cient Heritage in the Region, students were able
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to become acquainted with the methodology of
planning and modern planning approaches in
protected areas. Based on the student projects of
the protection, revitalisation, and presentation of
the late Roman tomb in Brestovik, we can con-
clude that archaeological sites and monuments
represent good training grounds for the develop-
ment of various cultural and artistic content that
enrich both the sites and their surroundings, as
well as society as a whole. The presented projects
indicate the monitoring of the dynamic concept
of constant enrichment of the authenticity of the
historical location, through the changes and layers
brought by time, with the necessary respect for the
guidelines and principles of architectural heritage
preservation, in accordance with the recommen-
dations established in international documents,
charters, and conventions.
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REZIME

SAVREMENI PRISTUPI
REVITALIZACIJI, PREZENTACIJI
I PROMOCII KULTURNOG I
PRIRODNOG NASLEPA DELA
RIMSKOG LIMESA - STUDIJA
SLUCAJA KASNOANTICKE
GROBNICE U BRESTOVIKU

KLJUCNE RECI: RIMSKI LIMES, KULTURNO I PRI-
RODNO NASLEDE, KASNOANTICKA GROBNICA,
SAVREMENA REVITALIZACIJA I PREZENTACIJA,
ODRZIVI RAZVO].

Rimski limes prepoznat je kao kulturni predeo
izuzetnih univerzalnih vrednosti medunarodnog
znacaja od strane relevantne organizacije za zastitu
kulturnog i prirodnog nasleda - UNESCO. Na pros-
toru Republike Srbije, Rimski limes obuhvata doli-
nu reke Dunav gde se nalaze lokaliteti razlicitih is-
torijskih perioda (praistorije, antike, srednjeg veka),
koji predstavljaju svedo¢anstvo o kontinuitetu Zivota
na granici Rimskog carstva. Zadtita, revitalizacija,
prezentacija i promocija lokaliteta duz reke Dunav
predstavlja preduslov za upis dela Rimskog limesa na
prostoru Republike Srbije na Listu svetske kulturne
i prirodne bastine Uneska. Ovaj prostor se trenutno
nalazi na Tentativnoj listi Uneska od 2020. godine.
Imajudi u vidu trenutno stanje velikog broja lokali-
teta, postavlja se pitanje njihove zastite, revitalizacije,
prezentacije i promocije u savremenom kontekstu.
Pozivajuéi se na principe medunarodnih povelja
i konvencija, medu kojima se isticu Dokument o
autenti¢nosti, Evropska konvencija o predelu i Pov-
elja o kulturnim rutama, osnovni cilj ovog rada jeste
$irenje znanja o moguénostima zastite, revitalizaci-
je, prezentacije i promocije kulturnog i prirodnog
nasleda dela Rimskog limesa na prostoru Republike
Srbije kroz primenu principa definisanih u medun-
arodnim poveljama i konvencijama, a radi integraci-
je kulturnog i prirodnog nasleda u savremene tokove
i uspostavljanja odrzivog razvoja predela.

Rezultati istrazivanja prikazani su kroz studiju
slu¢aja arheoloskog nalazista kasnoanticke grob-
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nice u Brestoviku, kroz idejna resenja studenata
arhitekture, u okviru kojih su ispitivane mogu¢no-
sti integracije savremene arhitekture u prostore
izrazenih prirodnih i kulturno-istorijskih vred-
nosti, uz istovremeno ocuvanje identiteta prirod-
nog i kulturnog nasleda koje iziskuje odredeni
stepen zatite, ali i prezentacije i promocije. Kroz
proces edukacije studenata arhitekture, budu¢ih
graditelja, pruza se moguc¢nost svestranog sagle-
davanja problema ocuvanja kulturnog i prirodnog
nasleda, njegovog istorijskog i urbanog konteksta,
nastanka, razvoja, kulturnih, urbanistickih i ar-
hitektonskih vrednosti, te ispitivanja mogué¢no-
sti i komparacije razlic¢itih pristupa prezentaciji i
savremenog kori$¢enja. U koncipiranju buduceg
pristupa prezentaciji i ukljucivanja u savremeni
zivot kasnoanticke grobnice u Brestoviku i njene
okoline, u studentskim analizama akcenat je
stavljen na sveobuhvatno istrazivanje njenog zivo-
ta, od vremena nastanka do savremenog doba, te
otkrivanju specificne kulturne vrednosti i karak-
tera koji su osnov ocuvanja u buducnosti. Cilj je
bio da se osmisle odrziva re$enja koja ¢e sa jedne
strane ocuvati razvojne faze, autenticnost i integ-
ritet kompleksa kasnoanticke grobnice u Brestovi-
ku, a sa druge strane obezbediti njenu reaktivaciju
i kvalitetnu integraciju u neposredno okruZenje,
koje je i pored brojnih neadekvatnih savremenih
intervencija ocuvalo pojedine elemente prepoznat-
ljivog istorijskog ambijenta. Kroz svoje predloge,
studenti su kompleks ispunili brojnim savremenim
kulturnim, edukativnim i umetnickim sadrzajima
koji su u korelaciji sa njegovim karakterom i znaca-
jem, a obezbeduju mu i aktivan Zivot u buduénosti.
Ocekivani rezultati istrazivanja obuhvataju podi-
zanje svesti o moguc¢nostima integracije prirodnog i
kulturnog nasleda u savremeni kontekst, te sagleda-
vanje prirodnog i kulturnog nasleda kao pokretaca
za uspostavljanje odrzivog razvoja predela.

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dostupan
u rezimu otvorenog pristupa. Clanci objavljeni u
¢asopisu mogu se besplatno preuzeti sa sajta i koristiti
u skladu sa licencom Creative Commons — Autorst-
vo-Nekomercijalno-Bez prerada 3.0 Srbija (https://
creativecommons.org/licenses/by-nc-nd/3.0/rs/.
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ABSTRACT

In the first segment of this paper, the stages of development of the field documentation of the Institute of
Archaeology in Belgrade were processed. Special attention was paid to the history of the collecting, recording
and inventorying of field documentation materials, starting from the establishment of the aforementioned
scientific institution up to the present day. In the process of the reconstruction of these elements, the greatest
source of data is provided by work biographies and annual reports of previous associates who performed the
work of keeping the documentation, as well as the archival material of the Institute of Archaeology, which is
located in the State Archives of Serbia. In the final parts of the text, the current state of the documentation
and the proposed plans with the main goals for the next period are discussed, along with the presentation
of new proposals in the fields of systematisation, digitisation and consolidation.
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INTRODUCTION

The research of archaeological sites has the goal
of obtaining knowledge about the entire human
life, society, economy and culture through ma-
terial monuments and antiquities from the past.
For archaeological science, fieldwork related to
field survey of sites (reconnoitring and marking)
is of basic and multifaceted significance because it
represents the foundations of subsequent archae-
ological activities: excavations, study and mainte-
nance, with the aim of creating a true picture of
the previous state of archaeological sites (Ip6uh
1953: 28, 70). This is how Dr Miodrag Grbic, re-
search associate of the Archaeological Institute at
SAS, described the tasks of archaeological science
in 1953 in his work Fundamentals of Archaeologi-
cal Site Research. In the same year, another signif-
icant work on this topic was published by Milu-
tin Garasanin and Draga Garasanin, then young
members of the Institute, called the Manual for
Archaeological Excavations, which points out the

importance of keeping field archaeological doc-
umentation: “Along with archaeological research
carried out according to all the principles of mod-
ern archaeological work, there is also archaeolog-
ical documentation, which must be carried out
with full attention and in all its details. Without
documentation, even the most carefully con-
ducted excavations have no value” (Taparianus u
Tapamanns 1953: 61).

An archaeological site is visible to research-
ers for only a short time, because during further
work, most of it is destroyed. Documenting the
data obtained during archaeological work enables
a complete and correct use of archaeological ma-
terials necessary for further processing (Vinski
1948: 194-196; lapamanun u lapamannn 1953:
61). All data must be recorded with a clear idea
of possible issues that may be raised in later stag-
es of the work. Such an approach, as Kevin Green
states, allows the director of the excavations to
impose standardised recording methods, which
greatly reduce the possibility of error or omission.
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Fig. 1 Vladimir Petkovi¢ (1874-1956) (Taken from: SASA
Library -® 259, 259/1-2).

The time invested during the compilation of field
documentation will pay off, e.g., at the time of
writing the excavation report, because a compre-
hensive site database can be organised in various
ways and, thus, present specific information ar-
ranged in the desired order (Ipun 2003: 150, 152).
The documentation of archaeological excavations
basically consists of: a diary, technical drawings, a
levelling book, photographs (during the 20* cen-
tury also film negatives or photo-plates), as well
as processed, classified record cards for mobile
archaeological material. Financial reports (trans-
portation costs, accommodation fees, field work
consumables, etc.) or video tapes can be added to
this. This type of material represents a recorded
source of archaeological information or repro-
duced documentation material, which is of partic-
ular importance for scientific researchers whose
main task is to reconstruct the past and cultural
heritage (lapamannn u Tapamanumu 1953: 61;
Bomkosuh 2017: 268).

The beginnings of work to collect and arrange
the field documentation of the Institute of Archae-

ology were recorded in the first years of its estab-
lishment. To this day, this scientific institution has
implemented a number of large projects that have
resulted in extensive field documentation. Ac-
cording to the reports compiled by documentari-
ans during the second half of the 20™ century, this
organisational unit of the Institute represents the
most numerous archaeological materials of its type
collected, catalogued and available in one place in
the entire territory of Serbia (including the former
republics of the SFRY) (Bomkosuh 2017: 267). To
date, little and insufficient attention has been paid
to the published reports and scientific papers, es-
pecially when it comes to the history of recording
the field archaeological documentation of the In-
stitute. A few years ago, a documentarian of this
scientific institution, Zoran Boskovi¢, published a
brief overview of the work in the field of history
and development of documentation (Bourkosuh
2017), which represents the sole paper dealing
with this topic so far, but also the basis for further
research endeavours when it comes to this topic.

FOUNDING OF THE INSTITUTE OF
ARCHAEOLOGY

The idea of founding the Institute of Archaeol-
ogy in these regions originated in 1927 by Prof. Dr
Miloje M. Vasié. The then professor of archaeolo-
gy at the Faculty of Philosophy in Belgrade, pub-
lished an article entitled Institute of Archaeology of
Serbs, Croats and Slovenes, printed in the Serbian
Literary Herald XXII-1 (Bacuh 1927: 33-34). This
paper mentions that there was a need to create
such an institution in the Kingdom of SCS. How-
ever, for reasons unknown thus far, this idea was
not put into practice at that time (Bacih 1997: 9).!

The first scientific institution in this area that
was engaged in the study of archaeological mate-
rial, certainly as a secondary plan, was the Kon-

1 It is interesting to note that, as early as 1908, as
the director of the National Museum, Vasi¢ indicated that
the Museum should be freed from certain obligations and
that a “special institute for archaeological research” should
be established. This document has not been preserved,
but a trace of it and its contents can be found in the book
of administrative protocols of the Ministry of Education
of the Kingdom of Serbia for the year of 1908 (IAC,
Mpunucrapctso npocsere, JlenoBogHu npoTokon 3a 1908,
6p. 4408).
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dakov Institute for Byzantology and Archaeology.
This Institute was founded in the Kingdom of Yu-
goslavia in 1938, after it was moved from Prague
to Belgrade. Prof. Dr Georgije Ostrogorski was
appointed as the first director (A], 66-84-245; 66-
569-892). One of the members of the Kondakov
Institute was Durde Boskovig, later the long-term
director of the Institute of Archaeology* During
1941, the Institute ceased to operate (AJ, 66-3272-
2469) and was never restored.

The next attempt to establish the Institute of Ar-
chaeology, which would bear fruit, would occur in
the post-war period. It was announced in the Year-
book SAS, vol. LIV that the Institute of Archaeology
at the Serbian Academy of Sciences was founded on
May 31, 1947 (Ioouwirwax CAH 1947: 41).> At that
time, the president of the Serbian Academy of Sci-
ences was Prof. Dr Aleksandar Beli¢, while the vice
president was Prof. Dr Milutin Milankovi¢. By a
decree of the Committee for Scientific Institutions,
Universities and Colleges of the Government of the
People’s Republic of Serbia, number 563, Prof. Dr
Vladimir Petkovi¢ (1947-1954) (Fig. 1) was appoint-
ed the first director of the Institute, with Prof. Durde
Boskovi¢ (Fig. 1) as his deputy (Joduwrvax CAH
1947: 41, 113, 115). At first, the premises of the Insti-
tute were located in the building of the Serbian Acad-
emy of Sciences. However, due to the need for more
space for work, and at the suggestion of V. Petkovi¢,
at the 6™ Session of the Institute Commission of the
Presidency of the Serbian Academy of Sciences, the
Institute received approval for the transfer of the staff
to Princess Ljubicas Residence (Ioduwreax CAH
1947: 112, 122, 274, 277-278), which was carried
out in January 1948 (Ioduwmwax CAH 1948: 236).
The Institute continued to operate in this place until
October 1952, when it moved again to the Academy
building, where it remains today (Ioduwrwax CAH
1952: 316; Bacih 2017: 9).

2 Documentation from the Legacy of Purde
Boskovi¢ at the Institute of Archaeology in Belgrade.

3 The draft for the establishment of the Institute
of Archaeology was first submitted to the Committee for
Scientific Institutions, University and Higher Education of
the People’s Republic of Serbia, which was initially decided
at the IV Session of the Committee for Managing the
Affairs of the Serbian Academy of Sciences, held on May
23, 1947. The session was chaired by M. Milankovi¢, with
C. Petrovi¢, P. Kolendi¢ and P. Savi¢ attending (Ioduwrak
CAH 1947:108-110).

Fig. 2 Durde Bosgkovi¢ (1904-1990) (Taken from:
Documentation of the Institute of Archaeology, Belgrade).

Under the leadership of its first director, the
Institute aimed to gather collaborators from the
university, museums and other scientific institu-
tions in Belgrade who were engaged in the study
of archaeological problems in various ways. By the
end of 1947, a group of nineteen eminent experts
was formed, which gathered once a week to solve
numerous issues of the Institute (Ioouwmwax CAH
1947: 41-42, 115, 122, 131, 191-192; bomkosuh
1969: 1-2). One of the goals, which was set after
its formation, was the definition of work plans in
which the study of the development process of hu-
man life on the basis of archaeological materials in
the country and the Balkans was emphasised. By
studying those material remains, the aim was to
provide a reconstruction of the way of life, culture,
art and scope of human thought in the mentioned
regions (bomxosuh 1959: 1).

In 1961, the Institute of Archaeology became an
independent institution, as was confirmed by the
Decree on the Foundation of the Institute of Archae-
ology, published in the Official Gazette of the Peo-
ples Republic of Serbia. According to Article 1 of the
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Fig. 3 Document on the decision on naming an assistant for the classification of scientific documentation in the
Institute of Archaeology at SAS (Taken from: State Archives of Serbia — Fond of the Institute of Archaeology, 1-9).

Regulation, the Institute was jointly founded by the
Executive Council of the National Assembly of the
People’s Republic of Serbia, the Serbian Academy
of Sciences and Arts, and the Faculty of Philosophy
and History of the University of Belgrade (Crys#6enu
enactux HPC XVII-18: 1961, 269). The head of the
newly formed institution was P. Boskovi¢, who was
elected the director of the Institute in 1954. He would
continue to hold this position, with great success, un-
til 1977 (Illapwh u buxwuh 2017: 52).

STAGES OF THE DEVELOPMENT
OF RECORDING THE FIELD
DOCUMENTATION OF THE
INSTITUTE OF ARCHAEOLOGY

Stage I: from the founding of the Institute until 1962
Based on the written material from the Fund

of the Institute of Archaeology in the State Ar-
chives of Serbia* and the published annual reports

4 On this occasion, I would like to sincerely thank
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of the Serbian Academy of Sciences since 1947,
the beginnings of work in documenting field ar-
chaeological documentation within the scientific
institution that is the topic of this paper can be
reconstructed to a large extent. Judging by the
available material, from the moment of its estab-
lishment until 1955, as we will see later, the Insti-
tute did not have a dedicated documentarian to
carry out tasks related to the collection, arrange-
ment and recording of field archaeological materi-
al (Toouwmmwax CAH 1947: 41, 115-116; [oouwrax
CAH 1952: 316; bomkosuh 2017: 265).

In the year the Institute was founded, archae-
ological excavations of sites, field surveys of ter-
rain, thematic tours, as well as the protection of
certain archaeological finds were all carried out.®
The management of documentation during these
first campaigns is certainly unquestionable, and
it is likely that, after the research was complet-
ed, it would have been kept for some time by
the excavation director (Toouwrwax CAH 1948:
232; Toouwwax CAH 1952: 323). Today, in the
Documentation Office of the Institute, there is
no inventory book from the first years in which
the inventory of documentation of archaeological
fieldwork would be listed.

The first data related to the plan for organis-
ing the field documentation can be found in the
records of the 11™ Session of the Institute of Ar-

senior archivist Gordana Vukasovi¢ and archival assistant
1* class Svetlana Leki¢, for their help and advice during
their work in the processing of archival material from the
Fund of the Archaeological Institute, which is kept in the
State Archives of Serbia.

5 A fairly good picture of the first field research
activities of the Archaeological Institute, in the year of
its establishment, is provided by the reports published
in the first issues of the magazines Starinar (n.s) (1950)
and Muzeji (1948). In addition, it is worth looking at the
Yearbook SAS, vol. LIV about the early works (Toduwrwax
CAH 1947: 328-329). Archaeological excavations in
1947 were carried out at the following locations: Gradiste
near Kikinda, Belgrade fortress, Orasje (Margum) near
Pozarevac, Cari¢in Grad (Ivstiniana Prima) near Lebane
and Najeva Ciglana near Pancevo. As for the archaeological
field survey activities, they were carried out in the area of
eastern and south-western Serbia. It is interesting that
some members of the Institute took part in the first rescue
research aimed at transporting the inscription originating
from the church in PadeZ near Drenova in the vicinity of
Prijepolje to a safer location.

chaeology SAS, held on November 8, 1947. At that
time, a decision was made, under the second point
of the meeting agenda, regarding cooperation be-
tween the Institute for the Protection and Scientif-
ic Study of Cultural Monuments of the Republic
of Serbia and the Institute for the creation of a file
archive and photo files, as well as the procurement
of the necessary photo material (JAC-®A1, [I-3).
As early as the following year, we find information
about the arrangement of documentation by Prof.
Durde Boskovié, Prof. Aleksandar Deroko, Ivan
Zdravkovi¢ and others, at the moment when they
were engaged in the organisation of and joint work
on the archives of the Institute of Archaeology and
the above-mentioned Institute for the Protection
and Scientific Study of Cultural Monuments. On
that occasion, they handed over their previously
collected scientific data and drawings (from the
field), noting that they worked on supplement-
ing and improving the files whenever necessary
(Ioouwrwax CAH 1948: 235; Bomkosuh 2017:
265). Data on documentation management for
the following years is also scarce. It is known that
the work plan for 1950 included the production
of technical drawings, as well as photographs for
the album and photo collection. In the report of
the Institute for the following year, there is infor-
mation about the creation of a photo archive and
the arrangement of negatives and photographs
(Bourkosuh 2017: 265). During those years, work
in the field increased intensively, so the volume of
documentation material became more and more
extensive and complex (Toduwrax CAH 1948:
234-237; Toduwimwax CAH 1952: 320-321). The
year of 1952 was certainly a turning point in the
attempt to engage professional staff in the work of
arranging the Institute’s field documentation. The
work plan for that year provided for the follow-
ing, under point four: “Work on the photo archive,
files of miniature plans and other records” In the
annual work report, when the systematisation of
workplaces was carried out at the suggestion of the
leadership of the Serbian Academy of Sciences, it
was stated that the assistants of the Institute would
perform the work of arranging scientific and tech-
nical documentation, registering photographs,
negatives, copies and drawings, for 3 hours a day.
At that time, architects Nevenka Spremo and Vo-
jislav Kora¢, as well as art historian/archaeologist
Dorde Stricevi¢, held the title of assistant (Fig. 3)
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(Ioouwrwax CAH 1952: 40, 316-317; JAC-DAY,
11-9, 6p. 816/1952). Their first work in the organ-
isation of field documentary materials was relat-
ed to the recording of the photographic, plan and
copy funds, through the use of inventories and
files (JAC-®AMW, [I-2, 6p. 28/1953, 3). The assis-
tants performed that work in the Academy build-
ing, where the Institute got its new premises in the
end of 1952 and, thus, somewhat better working
conditions, though it should be noted that it was
still necessary to acquire furniture for the file ar-
chive, photo archive and plans archive (Ioouwmwax
CAH 1952: 316, 322).

However, during 1952, the assistants were of-
ten engaged in field research and performing
personnel related work at the Institute and, as a
result, the work of arranging documentation ma-
terial was most likely not continuous and dynamic
(Ioouwmrwax CAH 1952: 320-321; JAC-OAU, 1I1-2,
6p. 36/1953). We should mention here the budget
proposal of the Institute for 1953, drawn up on Oc-
tober 15, 1952 at the request of the management of
the Serbian Academy of Sciences, which states: “Re-
cording of the entire business, field and publishing,
has become more difficult and insufficient. Under
these conditions, the library is also suffering heav-
ily, and the cataloguing of the Institute’s extensive
scientific and documentary material, photographs,
plans, reproductions, drawings and copies, which
represents a material value measured in millions,
without an increase in administrative, professional
and technical staff in the next year, will hardly be
possible” (AC-®AWN, I-2, 6p. 777/1952, 1).

Information related to the arrangement of the
Institute’s documentation by assistants for 1953 is
somewhat scarce. The question is whether they re-
ally continued that work since, in addition to their
obligations to prepare their doctoral theses, they
were also engaged in many field research activi-
ties, as well as in writing scientific papers, which,
for their young years, was certainly extensive and
difficult work (See TAC-®AU, 1I-2, 6p. 486/1952;
OAC-OAW, [O-2, 6p. 28/1953, 1; CrpuueBnh
1952; Crpuuesuh 1953; Cupemo Ierposuh 1955;
Kopah 1956). However, in the work plan for 1953,
a complete record of the photographic, plan and
copy fund was foreseen through the use of inven-
tories and files with the aim of starting their final
arrangement (JAC-OAM, [I-2, 6p. 28/1953, 3).
Perhaps we should mention the Explanation of

the Budget Proposal for 1954, which was compiled
by D. Boskovi¢, where the idea of hiring a typist,
who would perform the work of the technical ar-
rangement of documentation collections collect-
ed during fieldwork, is presented. In addition, the
work team needed a photographer who would
carry out the technical processing of field materi-
al and photography in the field (JAC-DAIL, -2,
6p. 600/1953, 2). Taking into account the already
mentioned tasks of various types that the assis-
tants performed, the idea of the need to hire new
associates in the field of organising the Institute’s
documentation, in this case typists and photogra-
phers, becomes quite clear and justified.

The year of 1954 is also significant for the de-
velopment of the Institute’s documentation. On the
payroll of annual expenses there is a 19 class typist -
registrant, as well as a qualified technician - photog-
rapher (JAC-®AV, [I-2, 6p. 600/1953). As it was
already announced in the work plan for this year
that a typist and a photographer would perform the
tasks of the technical arrangement of documenta-
tion collections, as well as the technical processing
of field material and photographs, it is highly prob-
able that in 1954 they were engaged in the entire
arrangement of the Institute’s documentation mate-
rial. It should be noted that from the beginning of
August of the same year, data entry of inventoried
field documentation began in the Inventory Book
of the Archaeological Institute SAS, which still ex-
ists today in the Documentation Office.

The increase in the amount of documentation
material obviously influenced the Institute’s ad-
ministration to take the final step in the realisation
of the systematisation of archaeological field doc-
umentation. The numerous attempts of the previ-
ous years were obviously only a basis for a tem-
porary rather than a permanent solution. A very
complex influx of voluminous, now multi-year
field documentary material, of various forms, con-
tent and scope, indicated to the Institute’s manage-
ment new priorities in the final, permanent deci-
sion to hire a documentarian. On March 10, 1955,
the daily newspaper Politika first announced a
competition for the position of “registrant for sci-
entific and technical documentation” of the Insti-
tute of Archaeology SAS (Ilonumuka, March 10,
1955, ad. no. 2450-B). From as many as 22 regis-
tered candidates, Ljubica Zotovi¢ (Fig. 4), then a
graduate archaeologist, was selected for this posi-
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tion by an expert committee consisting of Milutin
Garas$anin, Svetozar Radoj¢i¢ and Durde Boskovi¢
(JAC-DAU, II-9, 6p. 443/1955). Officially, as the
first documentarian of the Institute, she initially
performed the tasks of recording and publishing
photos and plans, and, after work-hours, advanced
professional training followed (Bomkosuh 2017:
265-266). In addition to the aforementioned ac-
tivities, Lj. Zotovi¢ kept an inventory book, quite
meticulously. Based on that book, it is possible to
chronologically follow her work in the entry and
inventory of documentary field material and the
newspaper archive, which dates back to 1962. By
hiring a documentarian, at a time when Bogkovi¢
was the manager, the foundation was laid for the
systematisation and preservation of the Institute’s
archaeological field documentation, defining the
tasks for a specially allocated professional staff.

Stage II: 1962-1992

By introducing a central archive for site files,
plan files,

photo files and other forms of data registration,

Ljubica Prodanovié not only indebted us all,

but also erected a permanent monument to herself.

Academician Prof. Dr Vladislav Popovi¢

The new stage in managing the archaeolog-
ical documentation of the Institute brought new
personnel changes and consolidation (Bomkosnh
2017: 266). In 1962, Lj. Zotovi¢ left her post of
document management and focused her career
on field research as a research associate. In the
same year, Ljubica Prodanovi¢, a graduate archae-
ologist, took her place as the new documentarian
(Fig. 5). In this position, where she remained for
thirty years, she introduced a new system of man-
aging field archaeological documentation that still
functions today. At the time when Lj. Prodanovi¢
started working, the Institute had already partici-
pated in several large archaeological projects (Iron
Gates I, Ulcinj, Sirmium, etc.). Research at the Iron
Gates was particularly important because the Re-
publican Commission for Scientific Research and
Protection of Cultural and Natural Monuments in
the Tron Gates insisted on well-prepared and mod-
ern scientific documentation, as the research was
managed by a large number of experts from vari-
ous specialties (Tpu¢ynosuh 1984: 1).

Fig. 4 Ljubica Zotovi¢ (1931-2021) (Taken from:
Documentation of the Institute of Archaeology, Belgrade).

Until 1970, when the Iron Gates project was
completed, Lj. Prodanovi¢ had before her the task
of introducing a unique system for the manage-

Fig. 5 Ljubica Prodanovi¢ (1935-1992) (Taken from:
Documentation of the Institute of Archaeology, Belgrade).
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ment of field documentation to the Institute.® In
the realisation of this undertaking, her participa-
tion in several field investigations of archaeologi-
cal sites of different cultural and chronological af-
filiations was also important. Along with that, Lj.
Prodanovi¢ introduced a system of keeping data
through central registers, where the following are
separated: files of archaeological sites, dossiers,
plans archive and photo archive (ITomosuh 1995:
227; bomkoBuh 2017: 266), and today, each of
them contains the following:

Central file archive - data files related to ar-
chaeological sites;

Dossiers — binders with data from field surveys
and documentation from archaeological excavations;

Photo archive - records of negatives, photo-
graphs and slides;

Plans archive - record of plans on tracing pa-
per and ozalid.

The central file archive is arranged in two wood-
en boxes, which contain data from archaeological
sites from the former Yugoslavia (SFRY) (box
1) and abroad (box 2). In these boxes, for easier
search and inspection, there are cardboard record
cards. They contain basic information about the
archaeological site that was the subject of research
by the Institute’s experts, whose sections can be
formally divided into two groups: general data on
the archaeological site and numerical content of
the field documentation. It should be noted that
each card has a registration number that matches
the file and photo archive numbers. Under gen-
eral data, the name of the site and the object that
was the subject of the research, chronological fo-
cus (e.g., Roman or Byzantine era), time of the re-
search and the research directors are entered on
the card. Within the numerical content of the field
documentation, the total recorded number of pho-
tographs, negatives, slides, plans, diaries and other
field records (e.g., inventory’, etc.) is entered.

Dossiers or binders today are larger marked
cardboard boxes that are placed in display cases.

6 An example in keeping field documentation in
those years was suggested by V. Popovi¢, citing the method
of the Centre for Documentary Archaeological Analysis,
which was founded in Paris in 1957. See Popovi¢ 1966.

7 The term “inventory” refers to the files in which
data on mobile archaeological findings discovered during
the research were entered.

They contain diaries, notes, sketches, technical
drawings, financial reports and inventories orig-
inating from field surveys or archaeological exca-
vations. Each binder is labelled with a number that
matches the number on the central file card in the
upper right corner. In addition, the name of the
archaeological site, as well as the year of research,
are entered on them. It should be noted that each
content in the file has an inventory number, certi-
fied by the seal of the Institute, which is entered in
the inventory book.

The photo archive includes three important seg-
ments of the Institute’s documentation, in which
they are recorded: negatives, photographs and
slides. This inventory group represents the largest
collection of documentation. The photographs are
placed in metal drawers, marked with numbers
that match the numbers of the central filing cabi-
net. They are mounted on cardboard, containing:
inventory number, object number (that is, the card
of the central file), as well as general information
about the photographs: time and place of creation,
author, short presentation of the photographs, as
well as the identification of the negative. This last
piece of information is important because, based
on it, we can find the negatives of the correspond-
ing photographs, also arranged in separate metal
drawers. The slides are placed in wooden boxes
that are marked with numbers on the outside.
Each slide is marked with a serial number, which,
together with the number on the wooden box,
is entered on the cardboard of the central filing
cabinet for easier searching. The serial number of
the slides is recorded in a separate slide inventory
book, which contains basic data: time and place of
creation, and a description of the presentation on
the positive.

The plans archive contains records of techni-
cal plans on tracing paper and ozalid, on which
immovable archaeological finds are presented, of
different scales and representations (situational
plans, bases, views, sections, etc.) and necropoles,
which were investigated during archaeological ex-
cavations. The plans are held in metal drawers that
are marked with inventory numbers on the out-
side. Each plan is authenticated with a seal con-
taining the inventory number of the plan, which
matches the number of the metal drawer.

The plans are arranged in drawers according to
the names of the archaeological sites, wrapped in
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rolls or laid flat in larger cardboard frames, with
the inventory numbers of the plans written on
them, as well as the number of plans in a roll/card-
board frame - e.g., the site of Pontes 6254-6389.
Also, the inventory numbers of the plans are listed
in a special inventory book, in which the follow-
ing are also entered: location, file number, inven-
tory number of the main inventory book, drawing
scale, subject and year when the plan was created.
There are 33,954 photographs, 1,000 slides,
2,548 plans and 562 reports from field archaeolog-
ical research that were registered in the reports on
the work of the Institute’s documentation for 1967.
During 1979, an audit was carried out and the en-
tire collection of documentation was re-invento-
ried, which at that time numbered 1,756 sites in
the central file, 12,600 slides, 86,182 photographs,
5,260 negatives, 5,804 plans and 1,257 sectional
maps in various scales (boukosuh 2017: 266).
During the 1970s, Ljubinka Babovi¢, a
graduate archaeologist, performed the work of
managing documentation, together with Ljubi-
ca Prodanovi¢, for a certain period of time.® The
1980s brought new management changes within
the Documentation Office as an organisational
unit of the Institute. In 1982, Sofijana Stojkovi¢,
a graduate archaeologist, joined as a new docu-
mentarian. She would perform this job until 1994.
In 1985, the Institute hired Nebojsa Bori¢, also a
graduate archaeologist, to take the position of the
photographer, and he performed this job until
2016. It is worth pointing out that in 1985 S. Sto-
jkovi¢ went to Paris for six months for profession-
al training in managing documentation from the
field of archaeology (bomxkosuh 2017, 266-267).
At that time the director of the Institute was Bo-
rislav Jovanovi¢ (1977-1986) (Illapnh u Buknh
2017: 52).

Stage I1I: 1992-2020

In the new stage of documentation manage-
ment, personnel changes took place first. From
1992 to 1994, when the director was Vladimir
Kondi¢ (1986-1994), only Nebojsa Bori¢ was em-
ployed in the Documentation Office (Bomxosuh
2017, 267; lllapuh n Buxuh 2017: 52). In 1994,
at the time when Petar Petrovi¢ was the direc-

8 Documentation of the Institute of Archaeology
in Belgrade.

tor (1994-1997), Zoran Boskovi¢, a graduate ar-
chaeologist, replaced the documentarian. A more
prominent use of personal computers and the
improvement of software created new conceptual
possibilities for digital data processing, however,
it went no further than initial attempts. At this
stage, the documentation was still manually pro-
cessed, recorded and maintained, i.e., according to
the unique system established by Lj. Prodanovi¢
(bomkosuh 2017: 267-268).

Z. Boskovi¢ worked as a documentarian until
2020. His work is primarily remembered because
he recognised the importance of information
technology and digitisation of the Institute’s com-
plex and voluminous documentation. He was the
first to attempt automatic processing of archaeo-
logical documentation and to create an archaeo-
logical information database for the entire terri-
tory of Serbia. The goal was the easy availability of
information for documentation users. Regardless
of the fact that those attempts did not bear fruit,
Z. Boskovi¢ remains remembered as the origina-
tor of a great idea that represents a challenge to
the next generations. During his work within this
organisational unit of the Institute, the Rulebook
of the “Centre for Documentation of the Institute
of Archaeology” was prepared, while the invento-
ry of field documentation material was increased
and filed (Bomkosuh 1993; Bomxosuh 1996;
Bourkosuh 2017: 268-296; Vmuh 2020: 293).

THE CURRENT STATE OF THE FIELD
DOCUMENTATION OFFICE AS AN
ORGANISATIONAL UNIT OF THE
INSTITUTE OF ARCHAEOLOGY

Today, the field documentation of the Institute
of Archaeology is kept in several separate rooms.
It has been managed by the author of this text
since March 2021, as a professional associate. In
the beginning, the work was carried out with the
organisation and arrangement of the work space,
as well as the procurement of office materials nec-
essary to perform the work in the Documentation
Office. For easier management and recording of
field archaeological documentation, work biogra-
phies and annual reports of previous collaborators
who performed the work of documentarians, as
well as the Institute’s archive material, were used.
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In the main office, there are inventory books, files,
a central file archive, slides and a newspaper ar-
chive.?

The central file archive, which has data on sites
from the former Yugoslavia (SFRY), has about
1,400 files, arranged in alphabetical order. When
it comes to the record cards in the central file ar-
chive, in which the sites outside of Yugoslavia are
registered, there are 393 of them, also arranged in
alphabetical order. The slides, which are in wood-
en boxes, are divided by format into two groups:
smaller ones, of which there are 19,242, and large
formats, of which there are 1,795.

The Institute’s reading room houses a photo ar-
chive (photographs and negatives) which is stored
in the already mentioned metal drawers. Some
6,881 negatives were recorded, while there are
over 150,000 photographs. In the corridor of the
Institute, there are metal cabinets that contain the
plans archive, that is, technical plans originating
from archaeological research, as well as section
maps, of which there are more than 1,350. The
number of processed original plans and copies is
ca. 12,000.

The Documentation Office, as an organisation-
al unit of the Institute, today functions according
to the manual system created by Lj. Prodanovi¢
during her fruitful working career. When issuing
documentation, the users, i.e., the employed ex-
perts of the Institute, must sign a receipt, marked
with numbers and the current year. The approval
of the Scientific Council is required for the issu-
ance of documentation to persons who do not be-
long to the working scientific staft of the Institute.

During the year, the associates of the Institute
submit documentary material from field research,
which, according to the Rulebook created by Z.
Boskovi¢, consists of: diaries, reports, photo-
graphs (formerly, negatives), cardboard inventory
cards and technical drawings. Newly received doc-
umentation is certified with a stamp, on which the
inventory number is written. This information is
then entered into the main inventory book and the
card of the central file, and the entire set of docu-

9 According to Z. Boskovi¢, the archive of
the Institute of Archaeology SAS was maintained until
1962 (BomkoBuh 2017: 269). Today, in the Institute’s
Documentation Office, there is the Inventory Book of
Newspaper ClippingsI1(99/1), which records archaeological
content in the press from the period from 1957 until 1962.

mentation is placed in a separate file that receives
a new registration number. Photos and technical
drawings also receive registration numbers and,
after certification, they are placed in the drawers
of the photo archive and the plans archive.

During the working years of 2021 and 2022,
attention was mostly focused on the digitisation
of the Institute’s documentation, with the aim of
creating adequate conditions for the creation of a
central database in the future in which users will
more easily and quickly be able to access the nec-
essary field material of this type. This process is
also self-imposed in the future because this is how
the protection of the material is carried out. A cer-
tain part of the field documentation is damaged
today, while older drawings and typewritten texts
have begun to fade. This is being scanned in the
Documentation Office or in copying offices in Bel-
grade that have larger scanners that can capture
longer and broader technical plans. At the end of
the year, the documentarian submits an annual
work report to the competent authorities of the
Institute.

PROPOSED WORK PROGRAMME
FOR THE NEXT PERIOD

IN MANAGING THE FIELD
DOCUMENTATION OF THE
INSTITUTE OF ARCHAEOLOGY

The primary goal of the organisational unit for
field documentation of the Institute of Archae-
ology in the coming period is the formation of a
central information database, the conceptual cre-
ator of which was Z. Boskovié. At this moment,
it is difficult to say what the future database will
look like, being formed for easier searching and
availability of information for users. It is necessary
for the documentarian to first familiarise himself/
herself with the entire documentary material of
the Institute, in order to create a clear picture of
the overall condition, content, scope, typology
and degree of preservation of the field material
of this type. Based on that, the type and scope of
metadata by which the database will be searchable
will be determined. Preliminarily, it can be said,
with a degree of caution, that the database will
be created according to a search system based on
excavation sites and the year of research, within
which data on the results of excavations and the
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content of field materials (diaries, photos, techni-
cal plans, etc.) will be obtained. During the real-
isation of that undertaking, we believe that con-
sultations and advice from senior experts, as well
as associates from other related sciences - archi-
tects, art historians, then experts from the fields
of informatics, archival and documentary studies
- are necessary, so that the final approach to the
digital information database will be as clear and
high-quality as possible.

A special type of documentation management,
which is self-imposed, will involve the use of new
digital tools that are used to process movable and
immovable archaeological findings during field
work. In recent times, more and more different
models have been created, on the basis of which we
can obtain certain data and a clear insight into the
archaeological material: 3D, geotiff and DEM (Digi-
tal Elevation Model). These models are obtained with
the help of the computer program Agisoft Metashape
Professional. In addition, work in GIS (Geograph-
ic Information System) has become indispensable
during field research. In this program, indicators
are obtained related to the generation of altitude and
cartographic projections, followed by the display of
interconnections, spatial analysis and possible visu-
al communication of archaeological sites, within the
geographical area that is the subject of research.

Before excavation, geophysical tests of the ter-
rain are planned, which most often comprehend
magnetometer and radar guidance, with the help
of which we obtain the distribution of immov-
able archaeological finds and necropoles. These
research activities have recently become an indis-
pensable factor in fieldwork. Manual drawing in
the field nowadays has been greatly surpassed due
to the use of 3D tools and AutoCAD programs, in
which drawing, model processing and exporting
of archaeological field materials is faster, simpler,
clearer and more accurate. A revolution in field
research was certainly provided by the use of GPS
(Global Positioning System), thanks to which we
can obtain the geographical positioning of archae-
ological finds and altitude.

The new approach in the methodology of ar-
chaeological research, for which we outlined the
main terms, will also condition a special way of
compiling the field documentation of the Insti-
tute. Digital inventory of movable and immovable
archaeological finds, 3D models, the generation of

data obtained by the GIS method and geophysical
interpretations indicate the need to create a new,
unique operational documentation consolidation
in the registration of archaeological data, which
may also represent one of the basic goals in man-
aging the field documentation at the Institute in
the next period.

CONCLUSIONS

By analysing the stages of development and
recording of the field documentation of the In-
stitute of Archaeology, the current situation and
plans for further work, certain conclusions can
be drawn. The earliest data on the arrangement
of field documentation, which represents the
first stage of development, were recorded in the
first years after the establishment of the Insti-
tute, at which time several experts worked to-
gether on the processing of files and photo files.
As the documentation increased over time,
since the Institute was conducting extensive ar-
chaeological research of various types, the need
for new personnel arose, finally resulting in the
hiring of a professional associate in the position
of documentarian. After Lj. Zotovi¢, who was
the first documentarian at the Institute, a new
stage was marked by the work of Lj. Prodanovi¢,
who introduced a unique system of keeping field
archaeological documentation, with the use of
central registers, where the following are sepa-
rated: files of archaeological sites, files archive,
plans archive and photo archive. In the third
development stage, which lasted from 1992 to
2020, there was an attempt to digitise and create
an informational database, the conceptual cre-
ator of which was Z. Boskovi¢. Today, field ar-
chaeological documentation is managed by the
author of this text.

In the coming period, an attempt will be made
to realise several of the defined goals. Among the
first is the formation of a central digital informa-
tion database, which will most likely be created ac-
cording to a search system based on archaeological
sites and the year of research, within which data on
the results of excavations and the content of field
materials will be obtained. A new approach in the
methodology of archaeological research, which
nowadays is gaining more and more importance
during field work, including geophysical studies,
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will condition a special way in managing the field
documentation of the Institute by applying vari-
ous operational programmes and digital methods.
The goal is to increase access to documentation to
a higher level in the future with the help of inno-
vative IT technologies, which will enable better in-
sight into the documentation, as well as protection
of the original material from damage.

ABBREVIATIONS

A] - Apxus Jyrocnasuje (Arhiv Jugoslavije)

I — Docwuje (Dosije)

IAC - JIpxaBuu apxus Cp6uje (Drzavni arhiv
Srbije)

HP Cpbuja - Hapogna Peny6mmxa Cpo6uja
(Narodna Republika Srbija)

Topmimak CAH - Ioouwrwax Cpncke akademuje
Hayka (Godi$njak Srpske akademije nauka)
Kpamesuna CXC - Kpamesuna Cpba, XpBara u
Cnosenana (Kraljevina Srba, Hrvata i Slovenaca)
CAH - Cpncka akapemuja Hayka (Srpska aka-
demija nauka)

CAHY - Cprcka akafieMuja HayKa M yMETHOCTU
(Srpska akademija nauka u umetnosti)
Cnyx6enn rmacauk HPC - Caymbenu Inacnux
Hapoone Penybnuxe Cpbéuje (Sluzbeni Glasnik
Narodne Republike Srbije)

CoP] - Conujanmucrtuyka  PepepaTuBHA
Peny6nuxa Jyrocmasuja (Seocijalisticka Federa-
tivna Republika Jugoslavija)

DAWN - Dono Apxeonowxoe uncmumyma (Fond
Arheoloskog instituta)

ARCHIVES

Apxus Jyrocnasuje, ®oHp 66, MuHUCTapCTBO
npocBeTe KpabeBuHe Jyrocnasuje.

(Arhiv Jugoslavije, Fond 66, Ministarstvo prosvete
Kraljevine Jugoslavije).

OpxaBuu apxus Cpbuje, Pono Apxeonouixoe
uHcmumyma.
(Drzavniarhiv Srbije, Fond Arheoloskog instituta).

Opxasun apxus Cpbuje, Munucmapcmeo npo-
ceeme, [lenoBomum mpoTokon 3a 1908, 6p. 4408.
(Drzavni arhiv Srbije, Ministarstvo prosvete, De-
lovodni protokol za 1908, br. 4408).

INSTITUTE DOCUMENTATION
MATERIALS

JJokymMeHTanuja ApXeolomKOr MHCTUTYTa y be-
orpapy.

(Dokumentacija Arheologkog instituta u Beogradu)

LEGATES

Jlerat Hypba Bomxosuha Apxeosnomkor nHCTH-
TyTa y beorpany.

(Legat Purda Bosgkovi¢a Arheoloskog instituta u
Beogradu).

LIBRARIES

Bubmorexa CARHY, ®-259/2, Bragumup Iletkosuh.
(Biblioteka SANU, F-259/2, Vladimir Petkovi¢).

MATERIALS FROM THE PRESS

IHonumuxka, 10. 03. 1955. KoHKypc 3a jemHOTr
CITy)XOeHMKa PerncTpaTopa 3a HayYHy M TEXHIIKY
IZoKyMeHTauujy, 6p. 2450-b.

(Politika, 10.03.1955. Konkurs za jednog
sluzbenika registratora za nau¢nu i tehnicku do-
kumentaciju, br. 2450-B).
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REZIME

DOKUMENTACIJA ARHEOLOSKOG
INSTITUTA U BEOGRADU
KAO ORGANIZACIONA JEDINICA

KLJUCNE RECI: ARHEOLOSKI INSTITUT, TERENS-
KA DOKUMENTACIJA, EVIDENTIRANJE, ARHEO-
LOGIJA, SISTEMATIZACIJA, ISTORIJAT, BAZA PO-
DATAKA.

Najraniji podaci o sredivanju terenske doku-
mentacije Arheoloskog instituta u okviru prve
etape razvoja, zabelezeni su u prvim godinima na-
kon osnivanja (1947) kada je nekoliko stru¢njaka
zajednicki radilo na obradi kartoteke i fototeke.
Kako se vremenom dokumentacija povecavala,
bududi da je Institut sprovodio obimna arheolos-
ka istrazivanja razli¢itog tipa, ukazala se potreba
za novim kadrovima, §to je kona¢no rezultiralo
angazovanjem stru¢nog saradnika na radnom
mestu dokumentariste 1955. godine. Posle Ljubice
Zotovi¢, koja je bila prvi dokumentarista u Institu-
tu, novu etapu obelezio je rad Ljubice Prodanovi¢
koja je uvela jedinstven sistem vodenja terenske
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arheoloske dokumentacije kroz centralne registre,
gde su izdvojeni: kartoteka arheoloskih nalazista,
dosijei, planoteka i fototeka. U trecoj razvojnoj
etapi, koja traje od 1992. do 2020. godine, javlja
se pokusaj digitalizacije i stvaranja informativne
baze podataka, ¢iji je idejni tvorac Zoran Boskov-
i¢. Danas terenskom arheoloskom dokumentaci-
jom rukovodi potpisnik ovih redova.

U narednom periodu izvr$i¢e se pokusaj u
vidu realizacije nekoliko definisanih ciljeva. Medu
prvim je formiranje centralne digitalne informa-
tivne baze podataka, koja ¢e najverovatnije biti
napravljena po sistemu pretrage arheoloskih lo-
kaliteta i godine istrazivanja, u okviru koje ¢e se
dobijati podaci o rezultatima iskopavanja i sa-
drZaju terenske grade. Nov pristup u metodologiji
arhologkih istrazivanja, koji u danasnje vreme do-
bija sve viSe na znacaju tokom terenskih radova,
ukljucujudi i geofizicka proucavanja, uslovljavace
i poseban nacin u vodenju terenske dokumentaci-
je Instituta primenom razli¢itih operativnih pro-
grama i digitalnih metoda. Cilj je da se u budu¢no-
sti pristup dokumentaciji podigne na visi nivo uz
pomo¢ inovativnih informatickih tehnologija,
koje ¢e omoguciti kako bolji uvid u dokumentaci-
ju, tako i ¢uvanje originalne grade od ostecenja.

* % X

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u ¢asopisu mogu se besplatno preuzeti sa sajta
i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
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EU CYBER INITIATIVES AND INTERNATIONAL CYBERSECURITY
STANDARDS - AN OVERVIEW

ABSTRACT

The paper presents the legal directives, decisions, instruments, and policies as the holder of the stra-
tegic development of the EU digital transition. EU initiatives and international cybersecurity standards
are covered through the EU Strategic initiatives and international cybersecurity standards. Cross-sectoral
standards of cybersecurity and cross-sectoral good cybersecurity practices are particularly emphasised. The
recommendations of the security standards in the energy, transport, financial and banking sector, health
sector, water supply and drinking water distribution sector, and digital service providers sector have been
provided. This also represents the ultimate goal of the NIS directive, which implies ensuring the network
and information security of the systems in the mentioned sectors.

KEYWORDS: INFORMATION SECURITY, CYBERINITIATIVES, INTERNATIONAL SECURITY STANDARDS.

INTRODUCTION sions, instruments and policies:

- Data Governance Act(2),

- Digital Services Act(3),

- Digital Markets Act(4),

- Cybersecurity Strategy for the Digital Decade (5)

- The Union Budgetary Instruments: Cohesion
programmes, Technical Support Instrument, Dig-
ital Europe Programme6, Horizon Europe7 and

EU cyber initiatives

The European Union sees digital transforma-
tion as one of the basic features of the future. This
transformation is of key importance for realising the
transition towards climate-neutral, circular, and re-

s . . 1. InvestEU (8).
silient economies. In the wider context, it brings to . .
the Union prosperity, security and competitiveness - Security Union Strategy (9),
PrOSperity; P ’ - Skills Agenda of the EU,

as well as the well-being of European societies.(1)
The strategic direction of the Union’s digital

transition development is a long-term process that

includes a broad spectrum of legal directives, deci-

- Digital Education Action Plan (10)
- 2021 Strategic Foresight Report (11)
- Green deal package (12).
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EU digital decade

The European Commission adopted the deci-
sion named “2030 Digital Compass: The Europe-
an way for the Digital Decade” (“Digital Compass
Communication”) (13) on 9 March 2021, which
presents the vision, goals, and methods for the
successful digital transformation of the European
Union by 2030.

The “Path to the Digital Decade” programme
aims to ensure that the European Union accom-
plishes its goals in the direction of the digital trans-
formation of society and economy in accordance
with EU values, reinforcing digital management,
and promoting the digital policy that strength-
ens citizens and companies. The digital targets for
2030 are based on four fundamental points: digital
skills, digital infrastructure, digitalisation of com-
panies, and public services.

Solving the massive staff shortage in cyberse-
curity is vital for protecting the EU from internet
threats. In accordance with the Social Rights Ac-
tion Plan, the plan of the EU is the training of 20
million employed specialists in information and
communication technology.

Governments have the role of initiators of the
new platforms for building safe public services.(14)

EU INICIATIVES AND
INTERNATIONAL CYBERSECURITY
STANDARDS

EU strategic initiatives

The central place in the new EU Cybersecurity
Strategy (adopted on 16/12/2020) are three initia-
tives whose integral parts are:

Critical infrastructure protection,

Small and medium-sized enterprises protec-
tion, and

Cyber diplomacy.

Extreme exposure to cyber threats (15-17)
initiated the launch of a whole set of initiatives
to find solutions for the strategic weaknesses of
internet technologies, with a particular focus on
DNS service vulnerabilities (18-21).

The establishment of the so-called EU Cyber
Diplomacy Network is intended to “promote the
EU vision of cyberspace, exchange of information
and coordination of development” In addition,

it has been announced that the EU will develop
the “EU External Cyber Capacity Building Agen-
da” that will be in line with the “External Cyber
Capacity Building Guidelines” (22) and the 2030
Agenda for Sustainable Development. (23)

The EU will continue to work in the UN on intro-
ducing consensus on cyberspace and responsibility
in cyberspace. (24-25) The so-called “Programme of
Action to Advance Responsible State Behaviour in
Cyberspace (PoA)” (26) is under preparation in the
UN. The PoA provides a legal platform for coopera-
tion and the exchange of information.

International cybersecurity standards

According to Directive (EU), 2016/1148 pub-
lished by the European Parliament and Council
of Europe, the directive regarding the security of
Network and Information Systems (“NIS”) (27) re-
fers to the security framework that provides nec-
essary services to the European market.

The ultimate goal of the NIS directive is to en-
sure network and information system security in all
sectors (energy, transport, water and food, bank-
ing, financial market infrastructure, healthcare,
and digital infrastructure) that are of vital social
and economic importance and which depend on
ICT [Information and communication technologies]
(Article 5, 2-6, NISD). Operators identified by the
Member States as OES (Operators of Essential Ser-
vices) should undertake appropriate and propor-
tional technical and organisational measures for
risk management intended for network and infor-
mation systems security (Article 14, 51, NISD).

With the adoption of the directive on the secu-
rity of Network and Information Systems (NIS) in
2016, a basic security level of network and infor-
mation systems should be achieved at the EU lev-
el. This will support the wider vision of the Digital
Single Market of the EU (28), protecting European
society’s interests and providing essential services
to European citizens.

Cross-Sector Cybersecurity Standards:

ANSI/ISA, Series “ISA-62443: Security for In-
dustrial Automation and Control System”

ISO 27001 Information Technology Security
Techniques Information Security Management
Systems Requirements

NIST Framework for Improving Critical Infra-
structure Cybersecurity
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ISO/IEC 27002:2013: Code of practice for in-
formation security controls

ISO 27003 - Information technology -- Secu-
rity techniques -- Information security manage-
ment system implementation guidance

ISO/IEC 27004:2016 Information technolo-
gy -- Security techniques -- Information security
management -- Monitoring, measurement, analy-
sis and evaluation

ISO/IEC 20000-1:2011 Information technolo-
gy -- Service management -- Part 1: Service man-
agement system requirements

ISO/IEC 27010:2015 Information technolo-
gy -- Security techniques -- Information security
management for inter-sector and inter-organiza-
tional communications

ISO/IEC 21827:2008 Information technol-
ogy -- Security techniques -- Systems Security
Engineering -- Capability Maturity Model® (SSE-
CMM®)

ISO/IEC 10181-2:1996 Information technol-
ogy -- Open Systems Interconnection -- Securi-
ty frameworks for open systems: Authentication
framework

ISO/IEC 27013:2015 Information technolo-
gy -- Security techniques -- Guidance on the in-
tegrated implementation of ISO/IEC 27001 and
ISO/IEC 20000-1

ISO/IEC 27014:2013 Information technology
— Security techniques — Governance of informa-
tion security

ISO/IEC 27032:2012 Information technology
-- Security techniques -- Guidelines for cyberse-
curity

ISO/IEC 27033-1:2015 Information technolo-
gy -- Security techniques -- Network security --
Part 1: Overview and concepts

ISO/IEC 27034-1:2011 Information technolo-
gy -- Security techniques -- Application security
-- Part 1: Overview and concepts

ISO/IEC TR 19791:2010 Information technol-
ogy -- Security techniques -- Security assessment
of operational systems

European Telecommunications Standards In-
stitute (ETSI) Cybersecurity Standards

TR 103 303 - TR 103 309 CYBER series

TR 103 331

TR 103 369

TS 103 487

IT Infrastructure Library (ITIL) v3

NIST SP 800-53

Information Assurance for SMEs (IASME)

ISF Standard of Good Practice for Information
Security

ITU X series: Information security manage-
ment framework

Cross-Sector Cybersecurity good practices:

The CIS Critical Security Controls

Organisation for Economic Co-operation and
Development (OECD), Guidelines for the Securi-
ty of Information Systems and Networks, 2002,

Generally Accepted Information Security
Principles (GAISP) - ISSA

The Open Group Open Information Security
Management Maturity Model (O-ISM3)

ISACA BMIS

IT Baseline Protection Manual Standard Secu-
rity Measures — BSI

UK Cyber Essentials (CREST)

Cyber Defence Capability Assessment Tool
(CDCAT®) - CESG

HMG Security Policy Framework (SPF) -
CESG

NIST/NSA/DISA/DoD Security Technical Im-
plementation Guides (STIGs)

Carnegie Melon Capability Maturity Model
(CMM)

The list of standards for assessing and manag-
ing cybersecurity risks is in Annex 1.

Energy sector

The NIS directive divides the energy sector
into 3 subsectors:

Electricity subsector

Oil and gas subsector

Energy subsector

For the electricity subsector, the following se-
curity standards are recommended:

NIST SP 800-82 Rev. 2 (Guide to Industri-
al Control Systems (ICS) Security (29) provides
guidelines on how to secure Industrial Control
Systems (ICS). EU operators usually use this as a
good practice;

ISO 27019 is a guideline for information man-
agement (30) based on ISO/IEC 27002 for process
control systems specific to the energy utility in-
dustry;

NERC CIP (North American standard, focus
on electric reliability and critical infrastructure
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protection) (31) The standard is followed by EU
operators who expand their business activity in
the United States.

For the oil and gas subsector, the following se-
curity standards are recommended:

The most well-known security framework as-
sociated with the oil and gas sector is the Chem-
ical Facility Anti-Terrorism Standards (CFATYS)
programme, the standard for chemical capacity
security with the highest risk in the United States.
However, CFATS does not consider cybersecurity
but physical and operative security.

The most applicable cybersecurity standards in
the energy industry are: ISO 27001, NIST Cyber
Security Framework and ISA/IEC 62443.

Traffic (transport) sector

The transport (traffic) sector is divided into the
following subsectors: air, rail, river and sea traffic,
and road traffic.

a) Air traffic subsector:

Due to the increased spectre of threats, the
cybersecurity and physical security of the trans-
port sector can no longer be treated separately
(32). The “Roadmap to Secure Control Systems in
the Transportation Sector” stands out among the
good practices for the transport sector. (33)

The most applicable cybersecurity standards
are: ISO 27001, NIST Cyber Security Framework
un ISA/IEC 62443. Other standards (that do not
include cybersecurity): ARINC 811 Commercial
Aircraft Information Security Concepts of Oper-
ations and Process Framework

ICAO Aviation Security Manual - Document
8973 (Restricted Access) (34)

EUROCAE ED-201 - 204 Aeronautical Infor-
mation System Security (AISS) Framework

RTCA DO-326 Airworthiness Security Process
Specifications

Good practices that include cybersecurity:

AIAA (The American Institute of Aeronautics
and Astronautics) The Connectivity Challenge:
Protecting Critical Assets in a Networked World35

Information Security Certification and Accredi-
tation (Cé»A) Handbook — FAA

FAA Issue Paper, Aircraft Electronic Systems Se-
curity Protection from Unauthorised External Access

FAA Aircraft systems information security pro-
tection overview

b) Rail traffic subsector:

Most of the security standards in the domain
of rail transport refer mainly to the broader secu-
rity aspects, not the cybersecurity challenges, that
could ultimately influence the security of modern
signalisation systems and train control. The appli-
cable cybersecurity standards are ISO 27001 and
ISA/IEC 62443.

The UK Rail Cyber Security Guidance to In-
dustry should be emphasised as cybersecurity
good practices in this subsector.

¢) River and Sea traffic subsector:

The ICT systems supporting river and sea
traffic, from port management to ship-to-ship/
ship-to-shore communication, are generally very
complex and use various ICT technologies. In this
sector, there is no particular holistic consideration
of cybersecurity. The applicable cybersecurity
standards are ISO 27001 and ISA/IEC 62443.

Standards pertaining to security:

International Safety Management (ISM) Code (36)

IMO interim guidelines on maritime cyber risk
management

International Ship and Port Facility Security
(ISPS) Code

IEC 62351:2017 SER - Power systems manage-
ment and associated information exchange - Data
and communications security

IEC 61162 - Digital interfaces for navigational
equipment within a ship

ISO 13613:2011 - Ships and marine technology
-- Maintenance and testing to reduce losses in crit-
ical “systems for propulsion

Good practices that include cybersecurity:

BIMCO Guidelines on Cyber Security Onboard
Ships - The Guidelines on Cyber security Onboard
ships

DNVGL-RP-0496 (DNV-GL, 2016) Cyber se-
curity resilience management for ships and mobile
offshore units in operation

Cyber-enabled ships: ShipRight procedure - au-
tonomous ships

Cyber-enabled ships: Deploying information
and communications technology in shipping -
Lloyd’s Register’s approach to assurance

United States coast guard — Cyber Strategy Draft
Guidelines on maritime cyber risk management
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d) Road transport:

Several initiatives (37) led to defining the
guidelines and regulations for implementing se-
curity in the automotive industry (38), and other
initiatives sought cooperation in the automotive
industry security topics (39). Even though some
of them are ahead in development, such as ISO/
AWT 21434 (40), the broadest security initiative is
currently led by the TC22/SC3/WG16 committee
within the development of ISO 262626 (41).

Road Transport Security Standards:

SAE J3061 Cybersecurity Guidebook for Cy-
ber- Physical Vehicle Systems

SAE ]3101 Requirements for Hardware- Pro-
tected Security for Ground Vehicle Applications
(WiP)

ISO 15031 Road Vehicles - Communication
between vehicle and external equipment for emis-
sions-related diagnostics. Part 7: Data link security

ISO 15764 Road Vehicles - Extended data link
security

ISO/AWI 21434 - Road Vehicles -- Automotive
Security Engineering

ISO 26262-1:2011 - Road vehicles -- Function-
al safety

TS 102 940 Intelligent Transport Systems
(ITS); Security; ITS communications security ar-
chitecture and security management

TS 103 096-1 to TS 103 096-3: Intelligent
Transport Systems (ITS);

TR 103 061-6 Intelligent Transport Systems
(ITS); Testing; Conformance test specifications for
ITS Security; Part 6: Validation report

Best practices:

ENISA Cyber Security and Resilience of smart
cars — ENISA

Auto ISAC, Automotive Information Sharing
and Analysis Center, Best Practices

Five Star Automotive Cyber Safety Framework

Guideline on cybersecurity and data protection of
connected vehicles and vehicles with ADT - UNECE

Finance and banking sector

Finance and Banking Sector Security Standards:

ISO/TR 13569:2005

Gramm-Leach-Bliley Act

Sarbanes-Oxley Act

Payment services (PSD 2) - Directive (EU)
2015/2366

EBA on the security of internet payments (42)

ISO/IEC 27015:2012 Information technology -
Security techniques - Information security man-
agement guidelines for financial services

American National Standards Institute (ANSI)
X9 series

Cybersecurity good practices:

Payment Card Industry Data Security Standard
(PCIDSS)

Basel I

Draft Guidelines on the security measures for
operational and security risks of payment services
under PSD2 43

CPMI-IOSCO Guidance on cyber resilience
for financial market infrastructure (44)

SEC OCIE Cybersecurity (45)

ISO/TR 13569:2005 Financial services — In-
structions for information security (46) provide
guidelines for developing the information security
programme in the financial services industry. Im-
plementation of the security controls is processed,
as well as the elements necessary for managing the
information security risk within the framework of
the modern financial services institution.

Gramm-Leach-Bliley Act (GLB Moderniza-
tion Act or GLBA) (47), also known as the Finan-
cial Modernization Act of 1999, is the federal law
passed in the United States to control how finan-
cial institutions deal with the private information
of individuals. It is required of the financial insti-
tutions, companies offering consumers financial
products or services such as credits and financial
or investment counselling, to be obliged to explain
their company practices or information exchange
to their clients and to protect sensitive data.

Sarbanes—Oxley Act from 2002 (SOX) (48) is
the act adopted by the American Congress in 2002
to protect investors from the possibility of fraud-
ulent accounting activities by corporations. The
SOX Act ordered strict reforms to improve corpo-
rate financial disclosures and prevent accounting
fraud.

Basel II, or International Convergence of
Capital Measurement and Capital Standards, is
a series of recommendations issued by the Basel
Committee on Banking Supervision Basel II. The
Basel Committee believes that risk assessments of
banks’ internal systems, as investments in capital
budgets, are critical. (49)
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Payment Services (PSD 2)- Directive (EU)
2015/2366 (50) tends to improve existing EU reg-
ulations for electronic payment. It takes into ac-
count emerging and innovative payment services,
such as internet and mobile payments. It sets rules
related to strict security conditions for electronic
payment and the protection of consumer financial
data, guaranteeing secure identity confirmation
and reducing the risk of fraud; transparency of
conditions and information requirements for pay-
ment services; rights and obligations of users and
payment service providers

The Payment Card Industry Data Security Stan-
dard (PCI DSS) (51) represents the security stan-
dard of information for organisations handling
branded credit cards. The PCI DSS standard is pro-
vided by card brands and managed by the Payment
Card Industry Security Standards Council. The
standard is created to increase data controls about
the card owner to reduce credit card fraud.

Healthcare sector

ISO 27799:2008 Health informatics - Informa-
tion security management in health using ISO/
IEC 27002

Health Insurance Portability and Accountabili-
ty Act (HIPPA)

ISO 13485:2003 Medical devices -- Quality
management systems — Requirements for regula-
tory purposes

ISO 80001-1:2010 Application of risk manage-
ment for I'T networks incorporating medical devices

ETSI eHealth Standard TR 102 764 eHEALTH;
Architecture; Analysis of user service models, tech-
nologies and applications supporting eHealth (52)

Digital Imaging and Communications in Medi-
cine (DICOM)

EC Medical Devices Regulation (text agreed by
EP and Council - in adoption process)

NIST SP 800-66 An Introductory Resource
Guide for Implementing the Health Insurance
Portability and Accountability Act (HIPAA) Secu-
rity Guide

Healthcare Cybersecurity Best Practices:

Royal Australian College of General Practi-
tioners (RACGP) Computer Information Security
Standards (CISS)

ISO 7799:2016 (53) provides guidelines for
standards of organisation security information and

practices for information management, including
selection, implementation, and control manage-
ment. It defines the guidelines for the support of in-
terpretation and implementation of the healthcare
information code of practice ISO/IEC 27002.
Health Insurance Portability and Accountabili-
ty Act from 1996 (HIPAA) (54). The United States
Department of Health and Human Services (HHS)
developed regulations to protect the privacy and
security of certain health information. With the
rule called “Security Standards for the Protection
of Electronic Protected Health Information”, abbre-
viated to “Security Rule”) (55), the national pack-
age of the security standards for the protection of
certain health information that is saved or trans-
ferred in the electronic form was established. The
security standard includes technical and non-tech-
nical protection measures that health organisations
must implement to secure the “electronic protected
health information” of individuals. (e-PHI) (56).

Water supply sector and drinking water dis-
tribution

Regarding drinking water operators, the most
applicable cybersecurity standards for this sector
are ISO- 27001 and ISA/IEC 62443

However, it is worth mentioning the standard
ANSI/AWWA G430-09 “Security practice and
waste management”, published by the American
Association for Water Supply, which aims to de-
fine minimal conditions for the water protection
programme that will improve security protection
of the employed, public health, public security,
and public trust.

Digital service providers sector

According to the directive on securi-
ty of Network and Information Systems (NIS)
(57) (EU)2016/1148, Member States should adopt
the common security requirements package for
Operators of Essential Services (OES)58 and Dig-
ital Service Providers (DSP) (59).

« The EU strategic directives regarding the

Digital Service Providers:

o NIS Working Group, security measures

for OES60;

«  ENISA report on the security measures for

DSP®; and
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+  European Commission Act on implemen-
tation of measures for DSP (62).

The list of the Digital Service Providers secu-
rity standards:

ISO/IEC 27011:2008 Information technolo-
gy -- Security techniques -- Information security
management guidelines for telecommunications
organisations based on ISO/IEC 27002
List of good practices:

o Technical guidance on the security measures
for Telcos in Article 13a, ENISA

ISO/IEC 27011:2008 (63) refers to the security
information management guidelines for telecom-
munication organisations, and is based on ISO/
IEC 27001:2013.

CONCLUSIONS

The aim of all of the aforementioned stan-
dards is to ensure that the European Union (with
the “Path to Digital Decade” programme) ac-
complishes its goals in the direction of the digital
transformation of society and the economy in ac-
cordance with EU values, reinforcing digital man-
agement, and promoting the digital policy that
strengthens citizens and companies. The ultimate
goal of the NIS directive is to ensure network and
information system security in all sectors (ener-
gy, transport, water and food, banking, financial
market infrastructure, healthcare, and digital in-
frastructure) that are of vital social importance
and the economies that depend on ICT. This pa-
per provides insight into the standards aiming to
increase protection against Internet threats in dif-
ferent sectors.
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REZIME

SAJBER INICIJATIVE EU 1
MEDUNARODNI STANDARDI IZ
OBLASTI SAJBER BEZBEDNOSTI -
PREGLED

KLJUCNE RECI: INFORMACIONA BEZBEDNOST,
SAJBER INICIJATIVE, MEDJUNARODNI STAND-
ARDI BEZBEDNOSTI.

U radu je dat prikaz zakonskih direktiva, odlu-
ka, instrumenata i polisa kao nosioca strateskog
razvoja digitalne tranzicije EU. Inicijative EU i
medunarodni standardi iz oblasti sajber bezbed-
nosti obuhvaceni su kroz strateske inicijative EU i
medunarodne standarde iz oblasti sajber bezbed-
nosti. Posebno su istaknuti medusektorski stan-
dardi sajber bezbednosti i medusektorske dobre
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prakse iz oblasti sajber bezbednosti. Date su pre-
poruke bezbednosnih standarda iz oblasti energe-
tike, saobracaja, finansijskog i bankarskog sektora,
zdravstvenog sektora, sektor snabdevanja vodom
i distrubucija pitke vode i sektora pruzalaca dig-
italnih usluga. Ovo ujedno predstavlja i krajnji
cilj NIS Direktive koja podrazumeva da se osig-
ura mrezna i informaciona bezbednost sistema u
pomenutim sektorima.

* % %

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u ¢asopisu mogu se besplatno preuzeti sa sajta
i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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INFLUENCE OF ARTIFICIAL INTELLIGENCE
ON HUMAN RIGHTS

ABSTRACT

Today, artificial intelligence has a direct impact on not only the economy, politics, education, culture
and democracy, but human rights as well. Its development and appearance in our everyday life opens up a
series of new issues: from the issue of the legal subjectivity and responsibility of robots with artificial intel-
ligence, to the issue of threats to human rights and democracy from artificial intelligence systems. Through
the prism of the concepts of human rights and artificial intelligence, the impact of artificial intelligence on
human rights is discussed. Given that artificial intelligence systems that are based on biased information
can cause algorithmic discrimination in work, legal and non-legal means of protection against algorithmic

discrimination are highlighted.

KEYWORDS: ARTIFICIAL INTELLIGENCE, HUMAN RIGHTS, ALGORITHMIC DISCRIMINATION

INTRODUCTION

Artificial intelligence has already had a direct
impact on the economy, politics, education, cul-
ture, democracy and human rights. We can only
guess what impact artificial intelligence will have
on our lives in the future. Its development and ap-
pearance in our everyday life opens up a series of
new issues today: from the issue of the legal sub-
jectivity and responsibility of robots with artifi-
cial intelligence, to the issue of threats to human
rights and democracy from artificial intelligence
systems. The number of human rights that are

threatened because of the development and ap-
plication of artificial intelligence is increasing on
daily basis. It is necessary for the law to respond to
that challenge and protect basic human rights and
freedoms. The adoption of new rules and changes
to existing ones should create a legal system that
will successfully protect the highest values, guided
by justice, morality and ethics. That legal system,
both at the national and international level, must
be made up of binding and non-binding rules that
are mutually agreed upon. Law is required to re-
spond to the development of new technologies
and limit the possibility of their abuse and protect
human rights and freedoms.
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In the past five years, the Council of Europe
and the European Union have adopted a series of
documents related to certain aspects of the legal
regulation of artificial intelligence, including as-
pects of the protection of human rights as well.

In February 2017, the European Parliament
adopted the Resolution on Civil Law Rules on Ro-
botics (European Parliament, “Resolution on Civil
Law Rules on Robotics”, 2015/2103 (INL) https://
www.europarl.europa.eu/doceo/ document/TA-

8-2017- 0051_EN.html.), Which opened up many
issues related to the use of artificial intelligence in

products that appear on the market, and especially
issues regarding their safety. In March 2018, the
European Commission established a High-Level
Expert Group on Artificial Intelligence, gathering
experts from various fields of expertise. The initial
task of the expert group was to gather stakeholders
in the “European AI Alliance”, support the imple-
mentation of the European initiative for artificial
intelligence, prepare a draft of guidelines for the
ethical development and use of artificial intel-
ligence based on EU law, and to consider issues
regarding fairness, security, transparency, the im-
pact on democracy and basic rights of individu-
als. In June 2018, the EU Commission appointed
fifty-two experts to the High-Level Expert Group
on Artificial Intelligence. On April 10™ 2018, the
members of the European Union signed the Dec-
laration on Cooperation in the Field of Artificial
Intelligence, in order to solve the most important
issues raised by artificial intelligence together:
from the issue of ensuring competitiveness in the
research and application of artificial intelligence,
all the way to the consideration of social, econom-
ic, ethical and legal issues in areas such as health
care, education, climate changes, cyber security,
migrations, etc.

On April 25t%, 2018, the European Commis-
sion adopted the strategic document Artificial In-
telligence for Europe (European Commission, “Ar-
tificial Intelligence for Europe”, COM (2018) 237
final, https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=COM%3A2018%3A237%3AFIN). In
this first strategic document, attention is focused
on strengthening the technological and industrial
capacities of the EU and introduction of artificial
intelligence into the entire economy, on the prepa-
ration of social and economic changes caused by
the development of artificial intelligence, on the

creation of an appropriate ethical and legal frame-
work for the use of technologies based on artifi-
cial intelligence and on joint action and mutual
exchange of experiences of the EU countries in
connection with the development and use of arti-
ficial intelligence. Based on this adopted strategic
document, the European AI Alliance was founded
in June 2018 as a broad forum that would discuss
all aspects of the development of artificial intelli-
gence and its impact on society and the economy.
It brought together representatives of companies,
consumer organisations, trade unions, and of civil
society. Several thousands of participants within
the European AI Alliance exchange opinions, doc-
uments and information on events related to ar-
tificial intelligence. Members of the European Al
Alliance can also discuss various issues, draft doc-
uments, etc. with the members of the High-Level
Expert Group on Artificial Intelligence. The most
important questions about the future perspective
of building the European Union’s approach to arti-
ficial intelligence are discussed at the annual meet-
ings of the European AI Alliance.

The first annual meeting of the European Al
Assembly was held in June 2019, and the second
was held in October 2020. The Coordinated Plan
on Artificial Intelligence was adopted by the Eu-
ropean Commission in December 2018 (Euro-
pean Commission, “Coordinated Plan on Artifi-
cial Intelligence”, COM (2018) 795 final, https://
digital-strategy.ec.europa.eu/en/policies/europe-
an- approach-artificial-intelligence). In February
2019, the European Parliament adopted the Res-
olution on a Comprehensive European industrial
policy on Artificial intelligence and robotics (Euro-
pean Parliament, “Resolution on a Comprehen-
sive European industrial policy on Artificial in-
telligence and robotics”, 2018/2088 (INT), https://
www.europarl.europa.eu/doceo/document/TA-8-
2019-0081_EN.html). Ethic Guidelines for Trust-
worthy AI (European Parliament, “Resolution on a
Comprehensive European industrial policy on Ar-
tificial intelligence and robotics’, 2018/2088 (INT),
https://www.europarl.europa.eu/doceo/docu-
ment/TA-8-2019-0081_EN.html) were presented
by the High-Level Expert Group of the European
Commission in April 2019. In February 2020, the
European Commission adopted the White Paper
- A European approach to excellence and trust (Eu-
ropean Commission, “White Paper - A European
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approach to excellence and trust’, COM (2020)
65 final, https://ec.europa.eu/info/files/white-pa-
per-artificial-intelligence-european-approach-ex-
cellence-and-trust-en), which clearly indicated the
need to adopt a new legal framework for the reg-
ulation of artificial intelligence, with basic direc-
tions for the development of that legal framework.
The Impact Assessment of the Proposed Regulation
on Artificial Intelligence (European Commission,
“Commission Staff Working Document Impact
Assessment Accompanying the Proposal for a
Regulation of the European Parliament and the
Council Laying Down Harmonised Rules on Arti-
ficial Intelligence (Artificial Intelligence Act) and
Amending Certain Union Legislative Acts”, SWD
(2021) 84 final, https://digital-strategy.ec.europa.
eu/en/library/impact-assessment-regulation-ar-
tificial-intelligence), as a working document of
the European Commission, was prepared in April
2020 and published together with the Proposal
of a Regulation on Artificial Intelligence in April
2021. In June 2020, the European Parliament es-
tablished a Special Committee on Artificial Intelli-
gence in a Digital Age, with the task of analysing
the future impact of artificial intelligence in the
digital age on the EU economy and to determine
future EU priorities. A series of resolutions related
to artificial intelligence was adopted by the Euro-
pean Parliament in October 2020: Resolution on
a framework of ethical aspects of artificial intelli-
gence, robotics and related technologies (European
Parliament, “Resolution on a framework of ethi-
cal aspects of artificial intelligence, robotics and
related technologies”, 2020/2012 (INL), https://
www.europarl.europa.eu/doceo/document/TA-9-
2020-0275_EN.html), Resolution on a civil liability
regime for artificial intelligence (European Parlia-
ment, “Resolution on a civil liability regime for
artificial intelligence”, 2020/2014 (INL), https://
www.europarl.europa.eu/doceo/document/TA-
9-2020-0276_EN.html), Resolution on intellectual
property rights for the development of artificial in-
telligence technologies (European Parliament, “Res-
olution on intellectual property rights for the de-
velopment of artificial intelligence technologies’,
2020/2015 (INI), https://www.europarl.europa.
eu/doceo/document/TA-9-2020-0277_ EN.html).
In April 2021, the European Commission brought
a package containing:

- Communication on a European approach

to artificial intelligence ( European Commission,
“Communication from the Commission to the
European Parliament, the Council, the European
Economic and Social Committee and the Com-
mittee of the Regions, Fostering a European ap-
proach to Artificial Intelligence”, COM (2021)
205 final, https://www.digital-strategy.ec.europa.
eu/en/library/communication-fostering-europe-
an-approach-artificial-intelligence);

- Coordinated plan from member countries
(European Commission, “Coordinated Plan on
Artificial Intelligence 20217, COM (2021) 205
final Annex, https://digital-strategy.ec.europa.
eu/en/library/coordinated-plan-artificial-intelli-
gence-2021-review);

- Proposal of a Regulation on artificial in-
telligence (European Commission, “Propos-
al for a Regulation of the European Parliament
and of the Council Laying Down Harmonised
Rules on Artificial Intelligence (Artificial in-
telligence Act) and Amending Certain Union
Legislative Acts”, European Commission, Brus-
sels, 21.4.2021. COM (2021) 206 final, https://
www.eur-lex.europa.eu/resource.html?uri=-
cellar:e0649735-a372-11eb-9585-01aa75e-
d71a1.0001.02/DOC_1&format=PDF).

In April 2021, the European Parliament ad-
opted the Report on artificial intelligence in edu-
cation, culture and the audio-visual sector (Euro-
pean Parliament, “Report on artificial intelligence
in education, culture and the audiovisual sector’,
2020/2017 (INI), https://www.europarl.europa.

eu/doceo/document/A-9-2021-0127_EN.html).
In June 2021, the European Parliament adopted

the Report on artificial intelligence in criminal law
and its use by the police and judicial authorities in
criminal matters (European Parliament, “Report
on artificial intelligence in criminal law and its use
by the police and judicial authorities in criminal
matters”, 2020/2016(INI), https://www.europarl.
europa.eu/doceo/document/A-9-2021-0232_
EN.html.).

The Council of Europe has also been consid-
ering certain issues regarding the regulation of le-
gal aspects of the use of artificial intelligence for
several years. It adopted new standards related to
artificial intelligence and data protection, bioeth-
ics, cybercrime, human rights, democracy and the
rule of law. In 2019, it founded the ad hoc Com-
mittee on Artificial Intelligence (CAHAI), which
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investigates the elements of the legal framework
for the development, design and application of ar-
tificial intelligence, based on European standards
in the field of human rights, democracy and the
rule of law. The Committee has a unique structure,
which brings together member countries and ob-
servers, as well as observers from the civilian so-
ciety, and the academic and private sector, and
works in close cooperation with other internation-
al institutions, such as UNESCO, OECD and the
European Union.

All previous activities of national and interna-
tional participants indicate that the legal system
that will regulate artificial intelligence in the future
must be a part of the global legal mechanism that
regulates digital technologies in general, and must
include a coherent set of binding and non-binding
rules, which will regulate the everyday use of arti-
ficial intelligence in different areas of people’s life
and work in a fair, moral and ethical manner.

The mutual relationship between law and ar-
tificial intelligence is not a one-way street, that
is to say, it’s not only the law that affects artificial
intelligence, but this relationship is more like a
two-way street, because artificial intelligence also
affects the law in different ways. In many aspects,
artificial intelligence can influence a different and
better way of applying law. Some of those ways are
automatic translation, decision-making, especially
in the judiciary, risk prediction, resource manage-
ment, form filling and expert systems.

Human rights and freedoms, as universal
values, must be protected from possible threats
from products and services based on algorithms,
i.e., artificial intelligence. The best way for this to
actually happen is to develop a set of legal norms,
which will guarantee the effective exercise of
rights and freedoms for all individuals without
any differences.

The concept of human rights

The origin of human rights stems from the the-
ory of natural law. Human rights as natural rights
are acquired by every human being by birth. Hu-
man rights apply equally to all people, regardless
of their race, sex, language, religion, economic sta-
tus, education, political or other opinion, in any
circumstances. Regardless of the diversity among
societies and people, human rights form the

thread that binds them together. They represent
universal values, which are common to all (Gra-
hovac 2020: 11).

The rights that every human being has, by vir-
tue of being a human being, independent of the
state and without a state, are human rights (Dim-

itrijevi¢ and Paunovi¢ 1997: 26). They belong to
all human beings without any distinction and are

based on values that modern humanity acknowl-
edges for all human beings (Paunovi¢, Krivokapi¢
and Krsti¢ 2021: 23). It can be said that human
rights are a set of inalienable rights and freedoms
of individuals (Gajin 2011: 15).

The core of the concept of human rights is the
aspiration to protect human dignity. It puts the
personality of an individual at the focal point and
is based on a shared general value system (Bened-
ek and Nikolova 2003: 18).

The history of the development of human
rights is linked to the American and French rev-
olutions in the 18" century, when human rights
were promoted and recognised in the acts of the
USA and France, namely, in the Declaration of
Independence in 1776 and the Declaration on the
Rights of Man and Citizen in 1789. In the 20th
century, the foundations of today’s human rights
system were laid in numerous international and
national legal acts. These are, first and foremost:
UN Declaration of Human Rights from 1948, Eu-
ropean Convention on Human Rights from 1950,
UN Convention on the Elimination of All Forms
of Racial Discrimination from 1965, Internation-
al Covenant on Civil and Political Rights and In-
ternational Covenant on Economic, Social and
Cultural Rights of the UN from 1966, Conven-
tion for the Protection of Individuals with regard
to Automatic Processing of Personal Data of the
Council of Europe from 1981, UN Convention on
the Elimination of All Forms of Discrimination
against Women from 1981, Convention on Cyber-
crime of the Council of Europe from 2001, and EU
Charter of Fundamental Rights from 2009.

In many international and national legal acts,
some of the rights and freedoms comprehended
by human rights are specifically stated, such as the
right to life, and freedom of movement, the right
to a fair trial, the right to privacy, freedom of ex-
pression, freedom of assembly and association, the
right to vote, the right to work, the right to health,
the right to an education, the right to a healthy en-
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vironment, etc. It should be emphasised that the
list of human rights given in any international or
national legal act is not limited and that it expands
over time in accordance with the values accepted
by today’s societies. The process of including cer-
tain new rights and freedoms to the list of human
rights that belong to individuals is never-ending.

Human rights and freedoms are most com-
monly listed by being classified into three gener-
ations of rights.

The first generation of rights and freedoms
consists of civil and political rights. Civil and
political rights usually include: the right to life,
equality before the law, freedom of speech, free-
dom of religion, property rights, the right to a fair
trial, and voting rights.

The third generation consists of the right to
development, right to peace and right to a healthy
environment.

This division into three generations of human
rights has no greater significance today for at least
two reasons. The first is because no human rights
differ in importance, that is to say, they all have
equal importance. There are no human rights and
freedoms that are more important or significant,
i.e., there are no human rights and freedoms that
have greater legal force. The second reason is that
the division into three generations of human rights
and freedoms is certainly not final, since human
rights and freedoms are continuously expanding
due to the development of social communities and
the development of notions about particular social

right to equality,

group of rights for participants in
judicial proceedings,

property rights,

prohibition of discrimination,

right to privacy,

freedom of thought, belief
and religion,

freedom from slavery, torture and
inhuman or degrading treatment
and punishment,

freedom of movement,

freedom of thought and
expression,

right to legal subjectivity,

right to sanctuary,

freedom of assembly and
association,

right to judicial protection,

right to citizenship,

right to participate in the
management of public
affairs, and

right to liberty and security,

right to marry and start a family,

right to participate in free
elections.

Table 1. The first generation of rights and freedoms

The second generation consists of economic
and cultural rights and freedoms. Economic and
cultural rights and freedoms include:

values that should be protected. A good example
is the right to data protection, and soon also the
right to protection against artificial intelligence

right to work,

right to a suitable compensation
for work,

right to an education,

right to the freedom of choice
of employment,

right to rest and limited work
hours,

rights of mother and child,

right to just and satisfactory
work conditions,

right to union organisation and
membership in a union,

right to participate in cultural,
artistic and scientific life of the
community, and

right to protection from unem-
ployment,

right to a life standard which
provides health and well-being for
individuals and their families,

right to protection of scientif-
ic, literary and artistic works.

right to equal pay for equal
work,

right to social security,

Table 2. The second generation consists of economic and cultural rights and freedoms
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(Gajin 2011: 131-141), (Paunovi¢, Krivokapi¢ and
Krsti¢ 2021: 25-27).

In order to fully comprehend the concept of
human rights, it is necessary to consider two more
important questions: who are the beneficiaries of
human rights and who are the guarantors of the
real application of human rights?

In principle, it is claimed that the beneficiaries
of human rights and freedoms are all human be-
ings, but not all human beings can enjoy all hu-
man rights and freedoms. Some human rights
and freedoms are intended exclusively for certain
groups of human beings. The reason for this may
be their specific characteristics:

- age (children’s right, right to marry),

- sex (women’s rights),

- occupation (media rights),

- citizenship (right to vote),

- status of refugee or stateless person, etc.

Aside from natural persons, users of human rights
and freedoms can also be organisations, such as political
parties, trade unions, religious organisations, non-gov-
ernmental organisations, professional associations,
foundations, faculties and universities, companies and
other subjects of commercial law. Not all organisations
can enjoy all human rights and freedoms either. The ap-
plication of some human rights is reserved only for some
of the organisations, such as the right to submit the so-
called “organisational lawsuits” for protection against
discrimination, which is reserved for organisations for
the protection of human rights and the rights of discrim-
inated categories of persons (Gajin 2011: 182-184).

The question regarding those who guarantee the
enjoyment of human rights and freedoms is extremely
important for the very concept of human rights and for
anyone whose human rights, any of them, are threat-
ened. The guarantors are countries, on one side, and
international organisations, on the other. By signing
international legal acts and adopting national legal acts,
countries have committed themselves to respect human
rights and freedoms and to provide mechanisms for
unhindered enjoyment of fundamental rights and free-
doms. In exceptional cases, countries have the right to
limit certain rights and freedoms in given situations. This
is the case when there are extraordinary circumstances,
hence, for reasons of national security, protection of
public order or protection of health and morals, coun-
tries can suspend certain human rights and freedoms for

a certain period of time while those circumstances last.

International organisations, on the other hand, have
mechanisms for monitoring the exercise of human
rights by countries.

Individuals initiate the procedure for the protection
of human rights with an individual petition (lawsuit,
appeal, application) by fulfilling certain conditions (le-
gitimate interest, exhaustion of domestic remedies, etc.).
Countries rarely initiate procedures for the protection
of human rights for political and economic reasons. So
far, not a single country has addressed the UN Human
Rights Committee with a request for the protection of
human rights, and there were a dozen cases before the
European authorities in which countries sued other
countries for endangering human rights (Paunovi¢, Kri-
vokapi¢ and Krsti¢ 2021: 113-118).

We can note that, despite a large number of inter-
national and national acts, the concept of human rights
and freedoms is not precisely defined, because it is ac-
tually not identical for all societies due to the numerous
specificities of individual social organisations. In some
countries, for example, same-sex marriage is acceptable
and falls within the scope of human rights, while it is not
acceptable in other countries and does not fall within the
scope of human rights. Regardless of these individual
differences, a large number of human rights and free-
doms is similarly protected in different countries.

Numerous international and national legal acts
continuously expand the list of protected human rights;
therefore, it is practically impossible to create a definitive
list of human rights and freedoms. A typical example of
the expansion of the list of human rights and freedoms
are legal documents of the European Union. They have
significantly expanded human rights and freedoms in
the areas of consumer protection, intellectual property
protection, natural environment protection, data protec-
tion, and labour rights protection, and legal acts of the
European Union have already been prepared that would
expand the list of human rights and freedoms to the ar-
eas of protection from artificial intelligence and algorith-
mic discrimination.

THE CONCEPT OF ARTIFICIAL
INTELLIGENCE

As with the definition of rights, there is no uni-
versally accepted definition of artificial intelligence.
Some authors believe that the definitions of artifi-
cial intelligence can be divided into rationalistic
ones and those that focus on humans. Supporters
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of rationalistic theories believe that artificial intelli-
gence can be defined as a type of agent, created by
man, that can make decisions and perform actions
based on its perception. Supporters of the defini-
tion of artificial intelligence that puts humans at its
centre believe that artificial intelligence exists when
it can perform a task, the execution of which would
otherwise require human intelligence (Turing test).
In 2019, the European Union’s High-Level Expert
Group defined an artificial intelligence system as
a software or hardware system created by humans,
which, in relation to a set goal, acts with perception
in the physical or digital dimension, collecting data,
interpreting the collected structured or unstruc-
tured data, explicating information and knowledge
obtained by processing this data and deciding on
the best action or actions to be taken to achieve a
given goal. Artificial intelligence systems can use
symbolic rules or learn a numerical model, and can
adapt their behaviour according to an analysis of
how the environment is affected by their previous
actions (Ben-Israel et al. 2020: 22).

Artificial intelligence, which is considered a
scientific discipline, appeared shortly after the in-
vention of the first computers. Skills characteristic
of humans, i.e., intelligent beings, are attributed to
artificial intelligence, including proving hypothe-
ses, reasoning and playing games (Bialko 2005).

The first definition of artificial intelligence,
presented by John McCarthy, referred to the
unity of the “science and engineering of mak-
ing intelligent machines” (https://www.artifi-
cial-solutions.com/blog/homage-to-john-mc-
carthy—the-father-of-artificial-intelligence), i.e.,
the creation of particularly intelligent computer
programmes (http://35.238.111.86:8080/ jspui/
bitstream/123456789/274/1/McCarthy _  John
_What %20is % 20artificial% 20intelligence.pdf).

Definitions that appeared somewhat later can
be grouped by taking into account two main crite-
ria. One group of definitions refers to the process
of thinking and reasoning, while the other group
of definitions takes into account the category of
success (Furmankiewicz, Soltysik-Piorunkiewicz
and Ziuzianski 2014).

The focus of definitions that include rationally
acting systems and those systems that behave like
humans (thinking, reasoning), is behaviour. They
measure success in the context of matching human
performance, while others measure success in

comparison to ideal concepts of intelligence that
we call rationality. A system is rational if it does
the “right thing”, considering the things it knows.
This means that the system is expected to have full
awareness of the goal, i.e., formally speaking, that
there is an implicitly or explicitly defined criterion
function, which measures, in a given metric sys-
tem, the success of the action of an intelligent sys-
tem in its work environment (Milosavljevi¢ 2015).

Although this division is characteristic of the
period up to the mid-1990s, it is comprehensive in
its purpose. Modern definitions generally present
artificial intelligence as a simulation of human in-
telligence processes by a suitable algorithm, code
or technique, with the help of machines or com-
puter systems. Artificial intelligence systems are
actually systems that enable machines to perform

activities that are similar to human intelligence
(Mitchell 1997). The subjects of study of artificial

intelligence are actually management rules of the
so-called intelligent human behaviours and the
creation of formal models of these behaviours,
with the help of computer programmes that will
simulate this behaviour. Some intelligent be-
haviours are: speech recognition, shape recogni-
tion (letters, drawings, photos), proving theorems,
playing board games, translating from one natural
language to another, creativity (creating musical
compositions, drawing), formulating a medical
diagnosis, etc. (Sroka and Wolny 2009: 171-173).

Artificial intelligence technologies today are
increasingly present in various fields, bringing a
large number of benefits. In its beginnings, arti-
ficial intelligence was conceived as a replacement
for experts in certain fields (medicine, informat-
ics, finance), only to evolve, so that now it can offer
great opportunities for improving people’s quality
of life. In perspective, for certain tasks that auto-
mated artificial intelligence systems would per-
form better than humans, there will be no need
to engage the human factor any more, but on
the other hand, there will be need for the human
factor in new areas that automation would bring
(control, management, legal regulations, etc.).

INFLUENCE OF ARTIFICIAL
INTELLIGENCE ON HUMAN RIGHTS

The use of products and services based on ar-
tificial intelligence leads to the possible endanger-
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right to dignity,

right to freedom of expression
and free assembly,

right to consumer protection,

right to respect of private life,

right to an efficient legal
remedy,

rights of children and disabled,

right to data protection,

right to a fair trial and pre-
sumption of innocence,

right to a healthy environment,
and

right to non-discrimination,

right to good management,

right to health and safety of
people.

right of suffrage,

right to fair and just work
conditions,

ing of the basic rights and freedoms of individuals:

The right to freedom of expression was drasti-
cally threatened when Facebook and Cambridge
Analytica distributed partially correct or inaccu-
rate information and, thus, threatened the human
right to freedom of expression, i.e., the right of
citizens to freely participate in the management
of public affairs and voting processes. Millions of
people were jeopardised who could not protect
their right to freedom of expression with an ade-
quate legal remedy (Desierto 2020).

The use of artificial intelligence systems in the
judiciary can negatively affect the right to a fair
trial, if the decision is made with the use of an al-
gorithm, and judicial employees do not have a suf-
ficient level of understanding of artificial intelli-
gence to ensure that decisions made with the help
of artificial intelligence are non-discriminatory. A
system for biometric face and voice recognition
can threaten the privacy of individuals. Artificial
intelligence systems that collect and analyse large
amounts of data about individuals can predict
their behaviour, influence changes in their be-
haviour, threaten their privacy, e.g., by revealing
their facial expression, emotional state, heart rate,
physical location, etc. Biometric facial recogni-
tion systems can prevent citizens from exercising
their right to freedom of expression, association and
assembly and, thus, can have a negative effect on
social solidarity and participation in democrat-
ic processes. The activities of chatbots (computer
programmes that simulate people conversing via
voice or text messages. This way, people can be
misled into believing that they are communicat-
ing with other people when they are, in fact, com-
municating with a computer programme based
on artificial intelligence) and the creation of un-
doubtedly falsified content (deepfake - false infor-

mation created by the digital alteration of photos
or videos so that a person appears to be someone
else, that is, to have done or said something that
they did not actually do or say. This way, false in-
formation is spread maliciously) by systems based
on algorithms and artificial intelligence can affect
an individual’s ability to build attitudes based on
reliable information. This way, individuals are ma-
nipulated and their right to be informed is threat-
ened, necessary for them to be able to participate
in democratic decision-making processes.

Artificial intelligence systems that control so-
phisticated weapons, such as robot snipers or
drones with the purpose of killing individuals or
groups of people, are already in use and threaten
the most important of human rights, the right to life.

A particularly negative impact of artificial in-
telligence products and services on human rights
and freedoms is achieved through algorithmic
discrimination, endangering the right to data pro-
tection, but also endangering many other human
rights and freedoms.

ALGORITHMIC DISCRIMINATION

The quality of our everyday life increasingly
depends on the use of artificial intelligence. Ar-
tificial intelligence manages traffic and energy
supply, recognises speech, filters spam, analyses
X-ray images and affects our daily life in many
other ways, and the economic development of the
entire society as well. In all these processes, arti-
ficial intelligence works using algorithm-based
software, making decisions that usually involve
a large number of individuals. Those decisions
should be rational, neutral, impartial and equal for
all affected. Practice shows that decisions made in
artificial intelligence systems based on algorithms
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are often not so, but cause some form of discrim-
ination called algorithmic discrimination. An al-
gorithmic decision-making system can be defined
as a computer process, including one derived from
machine learning, statistics or other data process-
ing or other artificial intelligence techniques, that
makes decisions on its own or supports human
decision-making (European Law Institute, “Model
Rules on Impact Assessment of Algorithmic Deci-
sion Making Systems Used by Public Administra-
tion”, European Law Institute, Vienna, 2022, 16).

An algorithm can be described as an abstract,
formalised description of a computational proce-
dure. An algorithmic decision is the result, find-
ing, or outcome of that procedure. Sometimes the
algorithm decides in a completely automatic way.
It is necessary to distinguish between decisions
made on the basis of an algorithm that are fully
automated and those that are only partially au-
tomated. This is important because of the deter-
mination of responsibility in the case of human
rights violations and because of how changes can
be made to the automatic decision-making sys-
tem, so that human rights violations would not
occur in the future. In algorithmic decision-mak-
ing systems with partial human participation,
a tendency to minimize one’s responsibility by
simply following the computer’s recommenda-
tions has been observed. This phenomenon is
called automation bias (Zuiderveen Borgtesius
2018: 11).

The rights possessed by human beings derive
from the fact that they are human beings, and for
this reason the acceptance of human inequality ac-
tually destroys the entire concept of human rights
(Dimitrijevi¢ and Paunovi¢ 1997: 181). The prin-
ciple of equality is the basic principle of human
rights, hence, the principle of non-discrimination
derives from it — in other words, the prohibition of
discrimination between people.

In recent legal documents, discrimination
based on gender, sexual orientation, gender iden-
tity, age, health status, disability, marital status,
migrant or refugee status, or other status is pro-
hibited, which means that this list is not exhaus-
tive either (Gasmi 2016: 149-167).

One of the most frequently reported negative
impacts of artificial intelligence on human rights
is the impact on the prohibition of discrimination,
i.e., on the right to equal treatment (Ben-Israel et

al. 2020: 28).

Artificial intelligence systems based on biased
information can cause algorithmic discrimination,
i.e., discriminatory algorithmic decisions or be-
haviours. If an artificial intelligence system learns
on the basis of previous data, founded on discrim-
inatory decisions, then it can also make discrimi-
natory decisions, on the basis of “feedback loops”,
meaning, it can threaten human rights.

LEGAL MEANS FOR PROTECTION
AGAINST ALGORITHAMIC
DISCRIMINATION

Binding and non-binding norms are the main
obstacles to algorithmic discrimination. First of
all, there are binding regulations at the interna-
tional and national level on non-discrimination
and data protection, but also many other regu-
lations, standards and rules of conduct. The UN
Universal Declaration of Human Rights from
1948 guarantees freedom and equal rights to all
people in its first article, and guarantees non-dis-
crimination in the second article. The European
Convention on Human Rights and Fundamental
Freedoms, in accordance with the UN Universal
Declaration of Human Rights, prohibits discrim-
ination in article fourteen. The EU directive from
2000 on the implementation of the principle of
equal treatment among persons regardless of their
racial or ethnic origin recognises two forms of dis-
crimination: direct and indirect discrimination.
In the case of algorithmic discrimination, indirect
discrimination often occurs, so that a seemingly
neutral provision leads to a particularly unfavour-
able position for a certain group of people. There-
fore, it is not relevant whether the discriminator
had the intention to discriminate, the effect that
algorithmic decision-making had in practice is
what is important instead. This indirect discrim-
ination happens much more often than the di-
rect one. For example, algorithmic decisions that
force people of a particular racial background to
pay higher prices for products or services violate
the prohibition of indirect discrimination (Zuid-
erveen Borgtesius 2018: 34).

Artificial intelligence systems base algorithmic
decision-making on the large amount of data they
collect about individuals. Data protection regu-
lations aim to ensure respect for all fundamental
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rights and freedoms, to ensure equal rights and,
thus, non-discrimination as well, for all those
whose data is processed.

The EU General Data Protection Regulation
(Regulation 2016/679 of the European Parlia-
ment and of the Council of 7 April 2016 on the
protection of natural persons with regard to the
processing of personal data and on the free move-
ment of such data, and repealing Directive 95/46/
EC (General Data Protection Regulation), Official
Journal of the European Union L 119/2016) from
2016, which began to be applied in 2018, largely
influenced the changes in the data protection sys-
tem in the EU and worldwide. It requires the rais-
ing of the level of transparency in all cases of data
processing, especially when it comes to automated
decision-making by artificial intelligence systems,
as stated in article thirteen, point f. In that point,
it is stated that individuals will be given informa-
tion about the logic by which decisions were made,
as well as the significance and the consequences of
such data processing and such decision-making for
individuals. Transparency is required when per-
sonal data is collected, used, disclosed or otherwise
processed.

Based on the principle of transparency, in point
thirty-nine of the Preamble of the EU General Data
Protection Regulation, it is required that any infor-
mation and communication related to the process-
ing of personal data be easily accessible and under-
standable, that clear and simple language be used.
Point seventy-one of the Preamble, as well as article
twenty-two of the EU General Data Protection Reg-
ulation, directly covers algorithmic decision-mak-
ing. It establishes the right of an individual to re-
quest that he/she would not affected by a decision
made solely on the basis of automated data process-
ing that produces legal consequences for him/her or
significantly affects him/her (Regulation 2016/679
of the European Parliament and of the Council of 7
April 2016 on the protection of natural persons with
regard to the processing of personal data and on the
free movement of such data, and repealing Directive
95/46/EC (General Data Protection Regulation),
Official Journal of the European Union L 119/2016).
Such automated data processing includes the cre-
ation of a profile, that is to say, an assessment of an
individual’s personal traits, especially those related
to work results, economic status, health, person-
al preferences or interests, reliability or behaviour,

location or movement, when it produces legal con-
sequences related to the individual or that affect
him/her. However, decision-making based on such
processing, including profiling, may be permitted if
allowed by EU law or the law of a member country
to which the data processor is subject, among oth-
er things, for the purposes of monitoring and pre-
venting fraud and tax evasion, in accordance with
regulations, standards and recommendations of
EU institutions or national authorities (Regulation
2016/679 of the European Parliament and of the
Council of 7 April 2016 on the protection of natural
persons with regard to the processing of personal
data and on the free movement of such data, and
repealing Directive 95/46/EC (General Data Pro-
tection Regulation), Official Journal of the European
Union L 119/2016). The prohibition of such auto-
mated discriminatory algorithm-based decisions
does not apply in cases where the individual has
given consent, when it is stipulated in the contract
between the data handler and the individual and
when it is stipulated by law.

In these cases, as stipulated in article twen-
ty-two of the EU General Data Protection Regula-
tion, it is necessary for the data handler to imple-
ment appropriate measures to protect the rights
and freedoms and legitimate interests of individ-
uals, especially the right of people to participate
in decision-making, the right to express person-
al opinion and the right to challenge a decision.
Based on article twenty-four of the EU General
Data Protection Regulation, data handlers are re-
quired to take into account risks of different levels
of probability and severity that may threaten the
rights and freedoms of individuals. This certainly
includes the risk of discrimination against indi-
viduals during data processing. Data handlers are
obliged to take appropriate technical and organi-
sational measures in order to eliminate these risks.
This is especially necessary when it comes to the
application of new technologies, such as artificial
intelligence and algorithmic decision-making, if
the handler has not carried out an impact assess-
ment on data protection, as stated in point eighty-
nine of the Preamble of the EU General Data Pro-
tection Regulation. Article thirty-five of the EU
General Data Protection Regulation established
the handler’s obligation to carry out an impact
assessment regarding data protection, in cases of
high risk to the rights and freedoms of individuals.
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Examples of automated algorithm-based deci-
sions with legal consequences are court decisions
or decisions of state authorities on social benefits
provided by law, such as pensions and various oth-
er social benefits. Automated decisions with sim-
ilar consequences are also those made by banks
when approving loans or decisions made by pri-
vate companies on the prices of products or ser-
vices that put individuals and groups of individu-
als in an unequal and disparate position in relation
to others.

Point seventy-five of the Preamble of the EU
General Data Protection Regulation also refers to
algorithmic discrimination. In that point, it is em-
phasised that the processing of personal data may
cause physical, material or non-material damage
(Regulation 2016/679 of the European Parlia-
ment and of the Council of 7 April 2016 on the
protection of natural persons with regard to the
processing of personal data and on the free move-
ment of such data, and repealing Directive 95/46/
EC (General Data Protection Regulation), Official
Journal of the European Union L 119/2016).

The EU General Data Protection Regulation
has great importance in the prevention of discrim-
ination in terms of the processing of personal data,
but even so, a part of algorithmic decision-making
that does not relate to the processing of personal
data remains outside the scope of this legal regula-
tion (Zuiderveen Borgtesius 2018: 44-45).

The Proposal for an EU Directive on improv-
ing working conditions in platform work from
2021 contains a separate chapter on algorithmic
management, divided into five articles (Proposal
for a Directive of the European Parliament and
of the Council on improving working conditions
in platform work, COM(2021) 762 final, https://
eur-lex.europa.eu/legal-content/EN/TXT/HTM-
L/?uri=CELEX:52021PC0762&from=EN):

- Transparency on and use of automated mon-
itoring and decision-making systems,

- Human monitoring of automated systems,

- Human review of significant decisions,

- Information and consultation,

- Persons performing platform work who do
not have an employment relationship.

In addition to regulations on the prohibition
of discrimination, regulations on data protection,
and regulations on improving the working condi-
tions of platform workers, there is a large number

of other regulations in legal systems that can be
helpful when it comes to fighting algorithmic dis-
crimination. These are regulations on consumer
protection, competition, free access to informa-
tion of public importance, freedom of informa-
tion, etc.

There is an increasing number of non-bind-
ing rules on ethical principles regarding the use
of artificial intelligence, which are formulated by
international organisations and professional asso-
ciations, and which can serve as a good basis for
formulating binding legal regulations.

NON-LEGAL MEANS OF
PROTECTION AGAINST
ALGORITHMIC DISCRIMINATION

In addition to strictly legal means to fight
against algorithmic discrimination, there are a
number of other measures that can help in this
fight. These measures are education, risk assess-
ment and mitigation, public sector transparency,
strengthening of equality bodies, strengthening
of human rights monitoring organisations, etc.
(Zuiderveen Borgtesius 2018: 51-60).

A large number of people, such as computer
scientists, lawyers and economists, are not aware
of the risks brought on by the use of artificial in-
telligence, hence, it is necessary to direct attention
at all levels of education to the acquisition of new
knowledge, which can help fight against algorith-

mic discrimination.

CONCLUSIONS

Risk assessment and mitigation is essential
for all projects involving the use of artificial in-
telligence. Any institution that intends to create a
product or service based on artificial intelligence,
i.e., algorithms, should form a team made up of IT
specialists, lawyers and economists, who will as-
sess the possible risks and impact on the rights and
freedoms of individuals. This is not only necessary
in the creation phase of the artificial intelligence
system, but also needs to be done later, during the
testing and implementation phase of the artificial
intelligence system. Special responsibility when
using artificial intelligence systems exists when
such systems are used by public services and state
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bodies. Their decisions often affect a large num-
ber of individuals, endangering human rights, so
it is necessary to exclude all possible forms of dis-
crimination in such algorithmic decision-making.
In order to achieve fairness and equality in the
use of artificial intelligence and algorithmic deci-
sion-making in the public sector, it is necessary to
constantly monitor and control the functioning of
these artificial intelligence systems.

Institutions that deal with equality and those
that deal with the protection of human rights
should handle issues of algorithmic discrimina-
tion, but in order to successfully deal with those
issues, they should acquire new knowledge and
use special expert analyses. Additionally, the task
of these institutions is to work on raising public
awareness regarding the risks brought on by algo-
rithmic decision-making. Cooperation between
institutions that deal with equality and institu-
tions that deal with human rights, on one hand,
with institutions that deal with data protection
and consumer protection, on the other, can also
contribute to a more successful fight against en-
dangering human rights due to the consequences
of algorithmic discrimination.
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REZIME

UTICAJ VESTACKE INTELIGENCIJE
NA LJUDSKA PRAVA

KLJUCNE RECI: VESTACKA INTELIGENCIJA, LJUDS-
KA PRAVA, ALGORITAMSKA DISKRIMINACIJA.

Vestacka inteligencija danas ima direktan uticaj
kako na ekonomiju, politiku, obrazovanje, kulturu,
demokratiju tako i na ljudska prava. Njen razvoj i
ulazak u na$ svakodnevni zivot danas otvara niz
novih pitanja: od pitanja pravnog subjektiviteta i
odgovornosti robota sa vestackom inteligencijom,
do pitanja ugrozavanja ljudskih prava i demokrati-
je od strane sistema vestacke inteligencije. Kroz
prizmu pojmova o ljudskim pravima i vestackoj in-
teligenciji obraden je uticaj vestacke inteligencije na
ljudska prava. S obzirom da sistemi vestacke inteli-
gencije koji su zasnovani na pristrasnim informaci-
jama mogu prouzrokovati algoritamsku diskrim-
inaciju, u radu su istaknuta pravna i nepravna
sredstva zaStite od algoritamske diskriminacije.
Tema rada je aktuelna i prikazuje kako medusobni
odnos vestacke inteligencije i ljudskih prava ima ne
samo prakti¢an uticaj na na$ svakodnevni zivot, ve¢
¢e utice i na kvalitet pravne regulative u ovoj oblas-
ti. Sa jedne strane utice se na ubrzavanje ili uspo-
ravanje primene najnovijih tehnologkih dostignuca
iz oblasti vestacke inteligencije, a sa druge strane
opredeljuje stepen dostojanstva i stvarne slobode
pojedinca u sajber prostoru.

% %

Arheologija i prirodne nauke (Archaeology and
Science) is an Open Access Journal. All articles
can be downloaded free of charge and used in
accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

Casopis Arheologija i prirodne nauke je dos-
tupan u rezimu otvorenog pristupa. Clanci objavl-
jeni u ¢asopisu mogu se besplatno preuzeti sa sajta
i koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.
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PRIKAZI - REVIEWS

Anthony Harding, SALT White Gold in Early Europe, Cambridge University Press - The European
Association of Archaeologists, serija Cambridge Elements - The Archaeology of Europe, Cambridge
2021. Knjiga sadrzi 94 stranice (osam poglavlja, bibliografija i 29 ilustracija).

Publikacija predstavlja rezultate do kojih su ar-
heoloska istrazivanja dosegla vezano za pitanje proi-
zvodnje soli u drevnoj Evropi, od najstarijih perioda
do srednjovekovnog doba. Autor predocava odgovo-
re na pitanja $ta je so, gde se pronalazi, za sta se ko-
risti i znacaj soli za zdravlje ljudi i Zivotinja. Posebna
paznja posvecena je pisanim izvorima koji svedoce o
znacaju soli u grékom i rimskom svetu. kao i najzna-
¢ajnijim mestima njene proizvodnje u Mediteranu
i $ire. Ekonomski i drustveni znacaj soli za ljudske
zajednice ogledao se u tomo $ro je ona predstavljala
vrlo vazan (u nekim slucajevima i najvazniji) ¢ini-
lac u trgovini i razmeni tokom milenijuma, dok je
mogla oznacdavati i pokazatelj pojedina¢nog i drus-
tvenog stepena zdravlja i statusa. Navedene ¢injenice
inspirisale su autora da, u naslovu svoga dela, so na-
zove ,,belim zlatom drevne Evrope®

Na stranicama Uvoda, autor nam sugerise da,
iako so danas predstavlja deo nase svakodnevice
koju prihvatamo ,zdravo za gotovo', takav slucaj
nije bio tokom proteklih epoha. Anticki autori ce-
sto, u svojim delima, pominju so, ali nam ne govore
dovoljno o mestima njenog porekla i na¢inu pro-
izvodnje, verovatno zato $to su smatrali to pozna-
tom ¢injenicom o kojoj nije potrebno davati bliza
obja$njenja. Drugaciju situaciju pronalazimo na
stranicama napisanim od strane srednjovekovnih i
renesansnih pisaca. Autor posebno naznacava zna-
¢aj podataka zabelezenih od strane Georgija Agri-
kole u XVI veku, bududi da je on spasao od zabo-
rava veliki broj podataka vezanih za proizvodnju i
promet soli iz vremena koja su mu prethodila.

Iz navedenih razloga, publikacija posebnu pa-
Znju posvecuje proizvodnji soli na evropskom pro-
storu od najstarijih vremena do rimskog perioda.

Zapocinjuéi svoju studiju, autor predocava
znacaj i opasnosti upotrebe soli za ljude i sve vrste

zivotinja. Posebno je naglasena uloga soli u pre-
dindustrijskim zajednicama, kada su njena anti-
bakterijska svojstva kori$¢enja za potrebe ocuva-
nja hrane.

Potom sledi osvrt na glavna lezista soli u svetu.
Najvece zalihe nalaze se u na prostoru sva tri ame-
ricka kontinenta, Sahari i delovima Azije (Kina i
Himalaji). U dana$nje vreme najveéi proizvodaci
soli su Kina, SAD i Indija. Sto se ti¢e Evrope, naj-
veca proizvodnja belezi se u Nemackoj, dok autor
naglasava resurse u Spaniji, Poljskoj, Rumuniji i Ve-
likoj Britaniji (uz naglasak da je re¢ o jednom od
retkih rudnih potencijala koji se na Ostrvu prona-
laze u dovoljnoj meri da mogu zadovoljiti lokalne
potrebe). U okviru istog poglavlja, predstavljena su
najznacajnija savremena pisana dela i autori posve-
¢eni ovoj problematici.

Autor istic¢e da se prica o soli na prostoru Evro-
pe moze pratiti milenijumima unazad, pri ¢emu su
se procesi njene eksploatacije i proizvodnje tokom
protoka vremena ¢esto menjali i usloznjavali, cemu
¢e biti posveéena naredna poglavlja publikacije.

Predoceni su osnovni pojmovi $ta zapravo
predstavlja so (natrijum hlorid), kao i glavna lezi-
$ta i nacini eksploatacije ovog minerala. Autor po-
sebnu paznju posvecuje nalazistima soli u Evropi i
predstavlja geografsku kartu kao pokazatelj lokacija
najznacajnijih zaliha natrijum hlorida na Starom
kontinentu.

Naglaseno je da se so moze proizvoditi na vise
razlic¢itih nacina, od kojih su mnogi bili poznati jo$
u praistorijskom periodu. Nacin kori$¢en za ek-
sploataciju i preradu najvise je zavisio od vrste le-
Zi$ta minerala. Sa arheologke strane, oba osnovna
nacina dobijanja soli, putem vadenja kamene soli ili
kuvanja slane vode, ostavili su trag u nalazima. Pro-
cesi koji se ne mogu dokumentovati arheoloskim

293



Archaeology and Science 18 (2022)

metodama, rekonstrui$u se putem etnografskih
svedocanstava.

Autor zatim predstavlja faze u razvoju rudarenja
soli, pocev od prvobitnih eksploatacija povrsinskih
lezista, pa sve do razvoja rudarenja na ve¢im dubi-
nama, $to predstavlja rimsko dostignuce. U okviru
poglavlja, predstavljeni su i najznacajniji lokaliteti
na kojima su utvrdeni tragovi drevne eksploatacije
soli, kao i raznovrsni nacini rudarenja na ve¢im du-
binama. Navedeni postupci ilustrovani su kvalitet-
nim i edukativnim fotografijama i planovima.

Drugi nacin dobijanja soli, putem isparavanja
morske vode, predstavljen je u narednom poglavlju.
Nakon objas$njenja pocesa, navedeni su lokaliteti na
kojima je utvrdeno postojanje antickih solana. Citi-
rani su i odlomci dela anti¢kih pisaca (Rutilije Na-
macijan i Marko Manilije), na ¢ijim stranicama se
paznja posvecuje ovom pitanju. Predstavljene su i
paralele sa antickim nac¢inima dobijanja soli, putem
primera i danas kori§¢enim u solanama na atlant-
skoj obali Francuske.

Na narednim stranicama detaljno se razradu-
ju saznanja o tehnikama eksploatacije i proizvod-
nje soli u razlic¢itim arheoloskim epohama, pocev
od mezolita do srednjovekovnog perioda. Narativ
je ilustrovan brojnim planovima, fotografijama i
crtezima arheoloskih lokaliteta (navedena su broj-
na mesta sa utvrdenom eksploatacijom soli $irom
Evrope) i nalaza vezanih za proizvodnju soli (alat-
ke, posude, rimski epigrafski spomenici...), kao i
pokusaji idealne rekonstrukcije rudnika i solana.

Publikacija se zaokruZuje iscrpnom bibliografi-
jom citirane literature.

Istrazivacki rad Entoni Hardinga, publikovan
na stranicama predstavljene knjige, predstavlja ve-
oma znacajan doprinos za proucavanje do sada ne-
dovoljno istrazene teme i bi¢e od velike koristi pri-
likom proucavanja brojnih aspekata Zivota tokom
arheoloskih epoha.

Ljubisa VASILJEVIC

294



Archaeology and Science 18 (2022)

MANTJSA RIMSKA NASELJA NA SLOVENSKEM PROSTORU / MINOR ROMAN SETTLEMENTS
IN SLOVENIA, Jana Horvat, Irena Lazar, Andrej Gaspari (ur.), izdava¢ ZRC SAZU, Institut za
arheologijo, Serija: Opera Instituti Archaeologici Sloveniae 40, Ljubljana 2020. Publikacija sadrzi
420 stranica (predgovor, 21 tematski ¢lanak i zakljucak sa uporednim pregledom i klasifikacijom
manjih rimskih naselja u Sloveniji i bibliografiju serije).

Pubikacija je posve¢ena manjim rimskim na-
seljima, otkrivenim na prostoru danasnje Slove-
nije. Na ovom, geografski raznovrsnom prostoru,
nalazile su se delovi tri upravne jedinice Rimskog
Carstva — Italija i provincije Norik i Panonija.

Karakteristi¢ni rimski lokaliteti, odredeni kao
predmet istrazivanja, predstavljaju stepen i pove-
znicu izmedu znacajnih gradskih centara i rastr-
kanih seoskih naselja koja su, kao svoju okosnicu,
imale manju ili ve¢u vilu rustiku.

Tokom proteklih dekada, arheoloska istraziva-
nja sprovedena Sirom Slovenije pruzila su znacaj-
ne podatke o ovom tipu rimskih naselja, ali dobi-
jene informacije nisu bili detaljno razradene, niti
publikovane u zadovoljavajuc¢oj meri. Predstavlje-
na publikacija predstavlja korak koji je bio neop-
hodan za objedinjavanje i adekvatno predo¢avanje
navedene problematiike.

Prezentovani su rezultati cetvorogodis$njeg
rada i istrazivanja, rezultovani u publikovanju
podataka o dvadeset lokaliteta, razli¢itih po svom
tipu i stepenu istrazenosti. Tekstove, predstavljene
kao posebna poglavlja sa kompletnim nau¢nim
aparatom, potpisuje 26 autora, radno angazovanih
u razli¢itim nau¢nim ili ustanovama za zastitu po-
kretnog i nepokretnog kulturnog nasleda.

Predstavicemo osnovna saznanja o svakom lo-
kalitetu do kojih su stigli razliciti istrazivaci.

Tina Zerjal i Vesna Tratnik, FLUVIO FRIGI-
DO, CASTRA - AJDOVSCINA (str. 9—46).

Rimsko naselje na mestu danasnje Ajdovscine
bilo je smesteno na putu koji je povezivao Emonu
i Akvileju. Smatra se da je ustanovljeno tokom I
veka pre nove ere. U izvorima iz III veka naziva
se Fluvio Frigido, dok se tokom IV veka belezi kao
mutatio Castra. Tokom I i II veka naselje se na-
lazilo, najve¢im delom, na mestu danasnjeg cen-
tra Ajdovscine. O zivotu rimskog naselja najbolje
svedode podaci sa nadgrobnih spomenika, koji
pruzaju podatke o razli¢itim drustvenim slojevi-
ma stanovni$tva. Krajem III veka, kod us¢a potoka
Hubelj i Lokavscek, podignuto je utvrdenje ojaca-

no kulama. Zivot u utvrdenju trajao je do druge
polovine V veka, dok se uoc¢avaju i tragovi posto-
janja manjih naselja iz VI i VII veka.

Maruska Urek, Ana Kovadi¢, FLUVIO FRIGI-
DO, CASTRA - AJDOVSCINA Raziskave / Investi-
gations 2017-2019 (str. 47—60).

Drugi rad posvecen lokalitetu Fluvio Frigido—-
Castra predstavlja rezultate arheoloskih istraziva-
nja, sprovedenih u periodu od 2017—2021. godi-
ne. Iskopavanjima je obuhvacen, u najvecoj meri,
prostor intra muros, a delimi¢no i extra muros
utvrdenja Castra. Istrazivan je deo bedema utvr-
denja i odbrambeni rov, u blizini kule 12. Rezulta-
ti postignuti intra muros posvedocili su postojanje
kasnoanti¢kih gradevina, kanalizacije i puta. Po-
kretni nalazi potvrduju vojni karakter lokaliteta.

Peter Kos, AD PIRUM - HRUSICA (str.
61—76).

Clanak je posveéen rimskom ,zaseoku*, sme-
$tenom na najviSem prevoju (867 m nadmorske
visine), duz puta Aquileia—Emona. Naselje je
podignuto tokom I veka nove ere. Sredinom III
veka izgradeno je utvrdenje, kao sastavni deo ka-
snoantickog odbrambenog sistema, poznatog pod
nazivom Claustra Alpium Iuliarum. U antickim
izvorima, utvrdenje je nazivano Ad Pirum summas
Alpes, a mozda i In Alpe Iulia. Utvrdenje je, unu-
tra$njim zidom, bilo podeljeno na gornji (strm i
nenastanjen) i donji (nastanjen) deo.

Ahac Sinkovec, LONGATICUM - LOGATEC
(str. 77—92).

Rimski Longaticum je predstavljao putnu sta-
nicu, zabeleZenu na kartama i itinerarima, pored
puta koje je povezivao Akvileju i Emonu. Re¢ je o
trasi koja je, jos u praistoriji, bila deo Cilibarskog
puta. Anticko naselje nalazilo se na mestu danas-
njeg Logateca. Predstavljalo je deo zastitnog siste-
ma Claustra Alpium Iuliarum. Putna stanica je,
najverovatnije, izgubila funkciju i bila napustena
tokom turbulentnih vremena sa kraja IV i pocetka
V veka.

295



Archaeology and Science 18 (2022)

Jana Horvat, NAUPORTUS - VRHNIKA (str.
93—112).

Nauportus (danasnja Vrhnika) nalazio se na
trasi puta koji je spajao Italiju sa Srednjim Po-
dunavljem, nedaleko od izvora reke Ljubljanice.
Autohtono naselje keltskog plemena Tauriska
bilo je pod nadzorom novopodignutog rimskog
utvrdenja, poéev od kraja II ili pocetka I veka pre
nove ere. Najkasnije sredinom I veka pre nove ere,
Nauportus ima status vikusa na teritoriji Akvileje.
Polozaj magistri vici bio je rezervisan za pripadni-
ke porodice oslobodenika pri trgovackoj porodici
iz Akvileje. Za vreme Avgustove vladavine po-
dignut je utvrdeni skladi$ni kompleks sa lukom,
radi snabdevanja legija u Srednjem Podunavlju.
Nalazio se na lokalitetu Dolge njive, sme$tenom
na desnoj obali Ljubljanice. Kompleks je napusten
nakon Avgustove vladavine, posle ¢ega citav Na-
uportus gubi na znadaju. Za to vreme, nastavlja
da se razvija naselje na lokalitetu Breg, podignu-
to na suprotnoj obali Ljubljanice. Strateski znacaj
ovog podrudja ponovo je prepoznat u kasnoj an-
tici. Tada se podizu utvrdenje na Gradiscu i kula
na Turnovs$éu, kao i odbrambeni zid na vrhovima
zapadno od Nauportusa. Navedeni graditeljski
poduhvati ¢inili su deo sistema Claustra Alpium
Tuliarum. Naselje na Bregu napusteno je tokom V
veka pre nove ere, poput vecine nizijskih lokaliteta
na ovom podrudju.

Vesna Tratnik, VIPAVA (str. 113—122).

Rimsko naselje u Vipavi smesteno je u oblasti
koju su anticki geografi smatrali za za deo Julij-
skih Alpa, na isto¢nom obodu teritorije Akvileje.
Rimski lokalitet nalazio se u podnozju uzvisenja
Starog grada i duz ravnice koja se prostire ispod
njega. Arheoloskim istrazivanjima utvrdeno je po-
stojanje gradevina iz I—II veka nove ere, kao i isto-
vremene nekropole. Na severnoj periferiji Vipave
konstatovani su objekti datovani od I do IV veka.
Najmladi rimski nalazi vremenski se odreduju u
drugu polovinu IV i pocetak V veka.

Bostjan Laharnar, Edisa Lozi¢, Alenka Miskec,
GRADISCE NAD KNEZAKOM (str. 123—140).

Pronalasci brojnih rimskih rukotvorina, kao i
tragova sloZene arhitekture, inicirali su istraziva-
nje primenom LIDAR tehnologije na visinskom
lokalitetu iznad sela Knezak (Gradi$¢e nad Kne-
zakom). Rezultati istrazivanja pokazali su tragove
intenzivnog urbanog naseljavanja u rimskom pe-
riodu. Utvrden je i kontinuitet naseljavanja, pocev

od gvozdenog doba. Na Gradi$¢u su pronalazeni
manji rimski nalazi iz I i II veka, ali su znatno
brojniji kasnoanticki predmeti kao pokazatelj da
ostaci arhitekture mogu biti datovani u drugu po-
lovinu IIT i IV vek.

Andrej Gaspari, ULAKA (str. 141—172).

Prvi arheoloski podaci o Ulaki poti¢u sa isko-
pavanja izvedenim od 1936—1940. godine. Nakon
vi$e decenija ponovo je posvecena paznja ovom lo-
kalitetu, sprovodenjem, 2010. godine, laserskih ske-
niranja iz vazduha. Utvrdeno je da je lokalitet bio
nastanjen u kontinuitetu, pocev od starijeg gvozde-
nog doba do V veka nove ere. Postoje slabo o¢uvani
ostaci bedema sa tri konstatovana ulaza. U blizini
su pronadeni tragovi dve nekropole, halstatske i la-
tenske. Postojanje rimskog vojnog logora utvrdeno
je i na nedalekom uzviSenju Nadleski hrib.

Lucija Grahek, Anja Ragoli¢, IG (str. 173—186).

Ne postoji mnogo podataka o rimskom nase-
lju na prostoru danasnjeg sela Ig. Okolina sela je,
sa prekidima, naseljavana pocev od neolita. Siste-
matski je istrazivana anti¢ka nekropola, datovana
u I-II vek. Najznacajnije informacije dobijene
su preko natpisa i predstava na nadgrobnim spo-
menicima. Epigrafski podaci sugerisu da je re¢ o
zajednici peregrina, verovatno organizovanih kao
vikus u ataru Emone. Onomasticka analiza li¢cnih
imena ukazuje da su mestani govorili autohtonim
dijalektom, tzv. ,,izanskim® jezikom.

Milan Sagadin, MENGES (str. 187—200).

Praistorijsko utvrdeno naselje registrovano je
na uzviSenju Gobavica, iznad Mendesa. Lokalitet
se prostire i duz isto¢nog podnozja uzvisenja. Naj-
stariji tragovi na utvrdenju poti¢u iz gvozdenog
doba. Pronadeni su i retki latenski nalazi. Na za-
ravni, isto¢no od Gobavice, utvrdeno je postojanje
nekropole sa grobovima spaljenih pokojnika i po-
jedina¢nih grobova sa skeletnim sahranjivanjem.
Nalazi sa Gobavice svedoce o postojanju manjeg
rimskog vojnog logora iz predavgustovskog i po-
znoavgustovskog perioda. Krajem I veka nastaje
novo rimsko naselje u podnozju Gobavice. Po-
tvrdeno je i postojanje anti¢ke nekropole. Tokom
kasne antike dolazi do pomerenja centra naselja u
pravcu severa. Poznato je da je $ira okolina Men-
desa bila gusto naseljena u rimskom periodu.

Milan Sagadin, CARNIUM - KRANJ (str.
201—212).

Kranj se nalazi na prirodno zasti¢enom planin-
skom rtu, iznad u$éa reke Kokre u Savu. Neolitsko
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naselje nalazilo se na najjuznijem delu rta. Naselje
iz starijeg gvozdenog doba §irilo se i preko granica
rta, u pravcu Save, dok latenski lokalitet nije zauzi-
mao tako veliki obim. U srednje i poznoavgustov-
skom periodu na rtu nastaje naselje doseljenika
iz Italije. Bilo je zasticeno kamenim bedemima i
kulama, dok su gradevine unutar bedema bile naj-
¢eSée izgradene od drveta. Neki pokretni nalazi
ukazuju na prisustvo rimske vojske. Naselje je pre-
stalo da postoji nakon kraja Avgustove vladavine.
Strateski znacaj lokaliteta ponovo je iskori$¢en u
kasnoj antici, iz koje potic¢e nekoliko solidno zi-
danih gradevina. Naziv Carnium se pominje u pi-
sanim izvorima iz V i VI veka. U okviru kamenih
bedema otkriveni su ostaci crkve i dve nekropole.

Spela Tomazin¢i¢, Drasko Josipovi¢, SMAR-
TNO PRI CERKLJAH (str. 213—230).

Od sredine I veka pre nove ere do ranog peri-
oda Tiberijeve vladavine, na ovom mestu nalazila
se mala rimska karaula, podignuta iznad praisto-
rijskog lokaliteta Straza. Kasnije se rimsko naselje
prostiralo na prostoru danasnjeg sela Smartno, na
¢ijoj periferiji su pronadeni ostaci ranohri$¢anske
crkve. Pored naselja prolazio je put, podignut u
vreme Tiberija. Otkrivena je i nekropola sa kon-
statovanih 49 grobova. Ve¢ina grobova sadrzi
ostatke spaljenih pokojnika, dok su sahrane iz po-
znijeg vremena skeletne. U okruZzenju nekropole
registrovani su gradevinski objekti.

Ana Plestenjak, BLAGOVICA (str. 231—248).

Clanak je posvecen anti¢kom naselju sa nekro-
polom, otkrivenom u podnozju zapadne padine
Crnog grebena, odnosno istoénom delu danagnje
Blagovice. Naselje nije zasnovano pre I veka nove
ere i bilo je nastanjeno najmanje do sredine IV
veka. Najstariji tragovi sahranjivanja na nekropoli,
smestenoj na isto¢noj strani lokaliteta, poticu iz
IT veka. Smatra se da je re¢ o rimskoj postanskoj
stanici, moguce Ad publicanos station, koju navodi
Tabula Peutingeriana.

Janja Zeleznikar, Julijana Viso¢nik, ATRANS -
TROJANE (str. 249—294).

Rimsko naselje Atrans nalazilo se pored itine-
rarskog puta, na planinskom prevoju Trojane. Pri-
padao je ataru Celeje, u provinciji Norik, premda
neposredno pored provincijske granice sa Itali-
jom. Re¢ je o carinskoj stanici o kojoj su sacuva-
na epigrafska svedocanstva. Autorke su pokusale
da rekonstrui$u topografiju naselja, sa posebnim
osvrtom na veli¢inu, polozaj i funkciju dvanaest

otkrivenih rimskih gradevina. Pojedina¢ni nalazi,
$iroko datovani od I do IV veka, mahom ne poti¢u
iz arheoloski dokumentovanih celina.

Irena Lazar, SEMPETER V SAVINJSKI DOLI-
NI (str. 295—304).

Nije poznato anti¢ko ime, niti precizan polozaj
naselja koje je, izvesno, postojalo na mestu danas-
njeg Sempetera. Na njegovo postojanje ukazuju
nalazi sa rimske nekropole. Otkriveni su i skromni
tragovi arhitekture. Rimski slojevi, u okolini Sem-
petera, utvrdeni su na viSe lokaliteta, ali ni jedan
od njih nije sistematski istrazivan. Sa pomenute
nekropole poznati su 96 grobnih celina i ostaci
mermernih grobnica. Nekropola se nalazila pored
puta Emona—Celeia i uni$tena je tokom nemirnih
vremena III veka. Severno od nje postoje tragovi
jo$ jedne anti¢ke nekropole. Pretpostavka da se,
na ovom mestu, nalazila rimska stanica Ad Medias
zasluzuje da bude zabelezena.

Sasa Djura Jelenko, COLATIO - STARI TRG
PRI SLOVEN] GRADCU (str. 305—324).

Anticki Colatio lezao je na prostoru dana$njeg
Starog Trga, predgrada Slovenj Gradeca, pored
nekadasnjeg rimskog puta. Prvi put je arheoloski
istrazivan jo$ u periodu od 1909—1912. godine.
Re¢ je o nizijskom naselju, koje je zasnovano u I
veku nove ere i trajalo sve do V veka. Otkriveni su
ostaci hrama, stambenog dela naselja i nekropole.
Utvrdeno je postojanje luksuznih grobnica pri-
padnika ruralne elite. Nekoliko sa¢uvanih natpisa
ukazuje na prisustvo autohtone keltske populacije,
mada se javljaju i latinska imena.

Sasa Djura Jelenko, ZAGRAD (str. 325—338).

Visinski lokalitet Zagrad nalazi se u blizini rim-
skog puta, koji je povezivao naselja Colatio i Iuenna.
Pocev od druge polovine XIX veka, pronadeno je
viSe od pedeset kamenih ostataka rimskih grobnica i
arhitektonske dekoracije (verovatno ostaci svetilista).
Mnostvo fragmenata izradeno je od isto¢noalpskog
mermera. U vecini grobnica pronadeni su ostaci spa-
lienih pokojnika. Izuzetak predstavlja brncurnicki
sarkofag, koji predstavlja svedocanstvo o skeletnom
sahranjivanju na ovom lokalitetu. Reljefi sa Zagrada
datuju se od sredine II do sredine III veka. U blizini
lokaliteta moguce je postojanje i vile rustike.

Mira Strménik Guli¢, SLOVENSKA BISTRICA
(str. 339—348).

Rimsko naselje, na mestu danasnje Slovenske
Bistrice, nalazilo se pored antickog puta Celeia-
—Poetovio. Iskopavanja su utvrdila postojanje dr-
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venih gradevina datovanih u I—II vek. Poznijem
horizontu pripadaju ostaci velikih zidanih objeka-
ta, prevashodno namenjenih za potrebe transporta
i skladistenja roba. U okviru naselja pronadeni su i
ostaci kovacnice. U blizini lokaliteta registrovana
je i nekropola sa ostacima spaljenih pokojnika.

Zvezdana Modrijan, ANCNIKOVO GRADISCE
(str. 349—362).

An¢nikovo gradi$ce predstavlja kasnoanticko
utvrdeno visinsko naselje, smesteno na juznim
padinama Pohorja. Uzvisenje je prvobitno nasta-
njeno jo$ tokom praistorije. Postoje pojedina¢ni
nalazi iz rane antike, ali jo§ nisu utvrdeni tragovi
naselja iz tog perioda. Procvat kasnoantickog na-
selja dogodio se tokom druge polovine IV i po-
¢etkom V veka. U ovom periodu naselje je zasti-
¢eno podizanjem kamenog bedema, sa ulazom na
zapadnoj strani. Duz zida pruzao se red kuca, od
kojih je vec¢ina bila drvena ili od istog materijala sa
temeljima od kamena. Pokretni nalazi ukazuju na
trgovacku povezanost naselja sa $irim prostorima i
prisutnost manje vojne jedinice. Naselje je uniste-
no pre polovine V veka, najverovatnije u pozaru.

Uro$§ Bavec, PRAETORIUM LATOBICORUM
- TREBNJE (str. 363—386).

Rimsko naselje Praetorium Latobicorum nala-
zilo se na najaznacajnijem itinerarskom putu, koji
je od Emone vodio u pravcu istoka. Danas se na
tom mestu nalazi Trebnje. Autohtono stanovnis-
tvo ¢inili su pripadnici keltskog plemena Latobici.
Epigrafski spomenici kazuju da se ovde nalazila i
beneficijarna stanica i svetili$te Jupitera Dolihena.
Iz perioda Ranog Carstva poti¢u dve gradevine,
od kojih je jedna bila livnica. Iz kasne antike po-
stoje ostaci kuca sa radionicama (najverovatnije
krojackim), podignutim duz trase puta. Sa nase-
ljem se moze povezati nekropola, od koje je istra-
Zen zapadni deo. U blizoj okolini je konstatovano
postojanje vile rustike i kamenoloma.

Irena Lazar, ROMULA - RIBNICA (str.
387—402).

Rimska stanica Romula poznata je iz pisanih
izvora i pominje se u dva itinerara (Tabula Peutin-
geriana i Itinerarium Antonini). Na osnovu otkri-
venih ostataka naselja, stanica je locirana na mestu
danagnjeg sela Ribnica (okolina Jesenica u Do-
lenjskoj). Podignuta je na strateSkom mestu, koje
povezuje doline Krke i Save sa Panonskom ravni-
com. Arheoloska istrazivanja pokazala su posto-
janje velikog naselja sa znac¢ajnim odbrambenim

gradevinama, delove rimskog puta Emona—Siscia
i veliki deo zapadne nekropole sa 129 grobova. Po-
sebno se naglasava znacaj votivnog spomenika sa
posvetom Silvanu Augustusu, ¢iji je dedikant rob
koji je pripadao zakupcu carinske stanice i natpis
ROMVLA, urezan na olovnoj plo¢i. Navedeni na-
lazi znacajni su zbog definisanja statusa naselja i
potvrde njegovog imena i lokacije.

Jana Horvat, PRIMERJALNI PREGLED MA-
NJSIH RIMSKIH NASELI] / MINOR ROMAN
SETTLEMENTS - COMPARATIVE OVERVIEW
(str. 403—420).

Zaklju¢no poglavlje publikacije predstavlja
sveobuhvatan i uporedan pogled na manja rimska
naselja u Sloveniji, primenom jedinstvenog krite-
rijuma. Na taj nacin izdvojene su Cetiri osnovne
grupe ovog tipa lokaliteta: urbana naselja, putne
stanice, naselja udaljena od glavnih puteva i vi-
sinska naselja (zastupljena isklju¢ivo na prostoru
Notranjske). Vec¢ina naselja nastala su uI1iII veku
nove ere i bivaju napustena tokom prve polovine
V veka. Naselja u okviru prve dve grupe podignu-
ta su u blizini glavnih putnih pravaca i odlikuje ih
prisustvo kvalitetno izgradenih objekata privatne i
javne namene. Epigrafski nalazi iz prve dve grupe
ukazuju na prisustvo doseljenika iz Italije i pripad-
nika lokalne elite, od kojih neki poti¢u iz autoh-
tonog stanovni$tva. Naselja trece i etvrte grupe
bila su udaljena od znacajnih puteva i odlikuje ih
skromnija arhitektura, dok su njihovi stanovnici
imali pretezno autohtoni karakter.

Publikacija pruza znacajan doprinos poznava-
nju anticke proslosti na teritoriji Slovenije i ozna-
¢ava putokaz za pravac budule sistematizacije
antickih lokaliteta i na drugim geografskim pro-
storima.

Ljubisa VASILJEVIC
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Izlozba “BOZICA I KONJANICI 1 - KULTNI SINKRETIZAM DONJE PANONIJE”, Galerija

Arheoloskog muzeja u Zagrebu, 5-30.VII 2022.

Tokom jula 2022. godine u Galeriji Arheolos-
kog muzeja u Zagrebu, odrzana je izlozba pod na-
zivom “BoZica i konjanici 1 - Kultni sinkretizam
Donje Panonije”, autora Ozrena Domitera, kustosa
Arheoloskog muzeja u Zagrebu. Tema izlozbe je
tzv. kult podunavskih konjanika, na $ta upucuje i
sam njen naziv buduéi da se odnosi na centralni
ikonografski prikaz pomenutog, dok izlozeni ma-
terijal obuhvata gotovo sve olovne plocice koje se
njemu pripisuju a ¢uvaju se u hrvatskim muzeji-
ma. Tako je ovom prilikom predstavljeno 87 pri-
meraka, od kojih 83 potice sa tla rimske provincije
Donje Panonije, i to iz muzeja u Splitu, Zagrebu,
DPakovu, Osijeku, Pozegi, Slavonskom Brodu i
Vinkovcima, zajedno sa prate¢im uputima na re-
levantnu stru¢nu literaturu.

Posebno se moze ista¢i na¢in na koji je izlozba
koncipirana jer predstavlja jedan sasvim nov inter-
pretativni pristup, gde je autor prakticno dao na
uvid svoj li¢ni istrazivacki proces kao podsticaj za
ukljucivanje publike u odgonetanje jedne od glav-
nih nepoznanica kulta o kome je ovde re¢ odnosno
toga ko su zapravo njegova glavna boZanstva. Kroz
predloZzene smernice za istrazivanja i metodoloske
pristupe najvaznijih autora koji se odnose na pro-
stornu i tipolosku zastupljenost nalaza olovnih plo-
Cica, kao i analizu drustvenog konteksta u kome su
dominantno mogli biti prisutni, pokre¢u se i druga
vazna pitanja vezana za razumevanje ovog kulta po-
put hronoloskog opredeljenja ili toga ko su zapravo
bili njegovi postovaoci te kakva je mogla biti name-
na ovih ikonica. Stoga ova izlozba ne nudi uobicaje-
no autorsko videnje problematike i njegovu krajnju
interpetaciju iste, ve¢ suceljava autora i publiku, pr-
venstveno onu stru¢nu, stavljajudi ih pred jednaka
sredstva. Tako su pored izlozenog arheoloskog ma-
terijala, publici dati na raspolaganje sto, kompjuter,
literatura i beleznica tj. radna atmosfera u kojoj je
promisljao sam autor, kao prostor za interakciju i
ukljucivanje. Krajnji koncept postavke podrazu-
meva da posetioci ponude svoje odgovore i ideje u
pisanoj formi kao doprinos prosirenoj izlozbi pod
nazivom BoZica i konjanici 2, dok je sli¢na zamisao
vezana i za katalog izlozbe koji je ona sama trebalo
da nadogradi. Takode, stremljenja autora su da se

istoimeni nastavak izlozbe obogati i novoste¢enim
znanjima i idejama uz nalaze iz srpskog dela pro-
vincije Donje Panonije.

Neophodno je naglasiti i da je ova izlozba bila
izuzetno vazna za sve one koji se sa nau¢nog as-
pekta prevashodno bave problematikom tzv. kulta
podunavskih konjanika, ali i rimskom religijom
generalno. Shodno tome da je vec¢ina poznatih
primeraka olovnih ploc¢ica pomenutog kulta ane-
pigrafska, dok je re¢ o nalazima koji u znatnom
obimu nisu otkriveni u procesu sistematskih
istrazivanja te je evidentan nedostatak arheolos-
kog konteksta, danas se brojni autori slazu da je
sagledavanje njihove ikonografije i dalje krucijal-
no za razumevanje prirode ovog kulta. Stoga je za
sve istrazivace veoma znacajna bila mogucnost da
uzivo pogledaju reprezentativne primerke velikog
broja zastupljenih tipova koji su strukturalno ja-
sno bili odeljeni i na adekvatan nacin prezentova-
ni prema novijoj tipologiji koja je data u obimnom
katalogu nedavno publikovane knjige Vladimira
Malbasica, U potrazi za neimenovanom boginjom:
Kult podunavskih konjanika - paradigma ili za-
bluda (Sremska Mitrovica 2021). Svemu tome
potrebno je dodati i prisutnost rede zastupljenih
tipova, poput onog sa obostranim predstavama
koji je poznat u jako malom broju primeraka, §to
je ovu izlozbu ¢inilo jedinstvenom prilikom da se
zainteresovani direktno upoznaju sa njihovom li-
kovnom postavkom.

Nazalost, moze se re¢i da ovoj izlozbi nije dat
regionalni publicitet koji zasluzuje, a posebno u
nasoj sredini koja, kako je poznato, bastini veoma
veliki broj primeraka olovnih plocica tzv. kulta
podunavskih konjanika koji poti¢u sa teritorije
rimske provincije Donje Panonije, prvenstveno iz
danasnjeg Srema. Iz tog razloga smatrali smo da
je ovom prilikom bilo neophodno uputiti doma-
¢u stru¢nu publiku na odrzavanje sada ve¢ minule
izlozbe, kao i na njen katalog cije se publikovanje
tek ocekuje, a koji ¢e, bez sumnje, ¢initi dragocen
materijal u buduéim istrazivanjima ovog zagonet-
nog kulta.

BOJANA PLEMIC
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UREDIVACKA POLITIKA CASOPISA ARHEOLOGIJA
I PRIRODNE NAUKE

Casopis Arheologija i prirodne nauke posve-
¢en je temama iz nau¢nih oblasti: arheologije, isto-
rije arhitekture, istorije umetnosti, antropologije,
arheozoologije, arheobotanike, geofizike, ra¢unar-
skog inzenjerstva i ostalih srodnih disciplina.

Casopis Arheologija i prirodne nauke je kao
samostalno izdanje poceo da izlazi 2005. godine
kao glasilo Centra za nove tehnologije Viminaci-
um i Arheoloskog instituta iz Beograda.

Casopis Arheologija i prirodne nauke objav-
ljuje originalne, prethodno neobjavljene radove:
originalne naucne radove, pregledne radove, izve-
$taje sa iskopavanja, kritike i prikaze.

Casopis Arheologija i prirodne nauke je do-
stupan u reZimu otvorenog pristupa.

Jezici na kojima se mogu predati ¢lanci su en-
gleski, nemacki ili francuski. Ukoliko je rad napi-
san na engleskom jeziku, rezime moze biti na srp-
skom (za domace autore) ili engleskom (za strane
autore), dok kod ¢lanaka predatih na nemackom
ili francuskom, rezimei moraju biti na engleskom
jeziku.

Rukopisi za $tampanje u ¢asopisu predaju se
sekretaru redakcije, a prema Uputstvu za autore o
nacinu pripreme ¢lanka.

Casopis Arheologija i prirodne nauke izlazi
jedanput godisnje.

OBAVEZE UREDNIKA I REDAKCIJE

Redakcija ¢asopisa Arheologija i prirodne na-
uke donosi kona¢nu odluku o tome koji ¢e se ru-
kopisi objaviti. Prilikom donosenja odluke redak-
cija se rukovodi uredivackom politikom vodeci
racuna o zakonskim propisima koji se odnose na
klevetu, krsenja autorskih prava i plagiranje.

Redakcija zadrzava diskreciono pravo da pri-
mljene rukopise proceni i ne objavi, ukoliko utvr-
di da ne odgovaraju propisanim sadrzinskim i for-
malnim kriterijumima. U redovnim okolnostima,
redakcija obavestava autora o tome da li je prihva-
tila tekst najduze u roku od 120 dana od datuma
prijema rukopisa.

Redakcija ne sme imati bilo kakav sukob in-
teresa u vezi sa rukopisima koje razmatra. Ako
sukob interesa postoji kod jednog ili vise ¢lanova
redakcije, ti ¢lanovi se isklju¢uju iz postupka iz-
bora recenzenata i odlu¢ivanja o sudbini rukopisa.
Urednik i ¢lanovi redakcije su duzni da blagovre-
meno prijave postojanje sukoba interesa.

Redakcija je duzana da sud o rukopisu donosi
na osnovu njegovog sadrZaja, bez rasnih, polnih/
rodnih, verskih, etnickih ili politickih predrasuda.

Urednik i ¢lanovi redakcije ne smeju da koriste
neobjavljen materijal iz predatih rukopisa za svo-
ja istrazivanja bez izri¢ite pisane dozvole autora, a
informacije i ideje iznesene u predatim rukopisi-
ma moraju se ¢uvati kao poverljive i ne smeju se
koristiti za sticanje licne koristi.

U casopisu Arheologija i prirodne nauke spro-
vodi se sistem double-blind recenziranja radova.
Urednik i ¢lanovi redakcije duzni su da preduz-
mu sve razumne mere kako bi identitet recenze-
nata ostao nepoznat autorima pre, tokom i nakon
postupka recenzije i kako bi identitet autora ostao
nepoznat recenzentima do okoncanja postupka
recenzije.

Radove pripremljene za $tampu treba predati
sekretaru redakcije, od 01. do 30. juna za svesku
koja izlazi do kraja tekuce godine. Redakcija se sa-
staje nakon predaje svih radova i na prvom sastan-
ku redakcije biraju se recenzenti.

OBAVEZE AUTORA

Autori garantuju da rukopis predstavlja njihov
originalan doprinos, da nije objavljen ranije i da
se ne razmatra za objavljivanje na drugom mestu.
Istovremeno predavanje istog rukopisa u vise ¢a-
sopisa predstavlja kr§enje etickih standarda. Takav
rukopis se momentalno isklju¢uje iz daljeg razma-
tranja.

Ako autori delimi¢no ili u potpunosti preno-
se prava na izdavaca: Autori takode garantuju da
nakon objavljivanja u ¢asopisu Arheologija i pri-
rodne nauke, rukopis nece biti objavljen u drugoj
publikaciji na nekom drugom jeziku bez saglasno-
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sti izdavaca.

U slu¢aju da je poslati rukopis rezultat nau¢no-
istrazivackog projekta ili da je, u prethodnoj ver-
ziji, bio izlozen na skupu u vidu usmenog saop-
$tenja (pod istim ili slicnim naslovom), detaljniji
podaci o projektu, konferenciji i sli¢no, navode
se u odeljku ispred prve fusnote rada, koji treba
oznaciti zvezdicom. Rad koji je ve¢ objavljen u ne-
kom ¢asopisu ne moze biti prestampan u casopisu
Arheologija i prirodne nauke.

Autori su duzni da se pridrzavaju etickih stan-
darda koji se odnose na naucnoistrazivacki rad.
Autori garantiju i da rukopis ne sadrzi neosnovane
ili nezakonite tvrdnje i ne kr$i prava drugih. Izda-
va¢ nece snositi nikakvu odgovornost u slucaju is-
postavljanja bilo kakvih zahteva za naknadu $tete.

Sadrzaj rada

Rad treba da sadrzi dovoljno detalja i referen-
ci kako bi se recenzentima, a potom i ¢itaocima
omogudilo da provere tvrdnje koje su u njemu
iznesene. Namerno iznoSenje neta¢nih tvrdnji
predstavlja krsenje etic¢kih standarda. Prikazi, kri-
tike i stru¢ni ¢lanci moraju biti precizni i objek-
tivni. Ovi radovi se takode recenziraju i odluku o
njihovom prihvatanju donosi redakcija, na osnovu
pozitivnih recenzija.

Autori snose svu odgovornost za sadrzaj pre-
datih rukopisa i duzni su da, ako je to potrebno,
pre njihovog objavljivanja pribave saglasnost svih
lica ili institucija koje su neposredno ucestvovale u
istrazivanju koje je u rukopisu predstavljeno.

Autori koji Zele da u rad ukljuce ilustracije, ta-
bele ili druge materijale koji su ve¢ negde objav-
lieni duZzni su da za to pribave saglasnost nosilaca
autorskih prava. Materijal za koji takvi dokazi nisu
dostavljeni smatrace se originalnim delom autora.

Autorstvo

Autori su duzni da kao autore navedu samo
ona lica koja su znacajno doprinela sadrzaju ru-
kopisa, odnosno duzni su da sva lica koja su zna-
¢ajno doprinela sadrzaju rukopisa navedu kao
autore. Ako su u bitnim aspektima istrazivackog
projekta i pripreme rukopisa ucestvovala i druga
lica koja nisu autori, njihov doprinos treba pome-
nuti u napomeni ili zahvalnici.

Navodenje izvora

Autori su duzni da ispravno citiraju izvore koji
su bitno uticali na sadrzaj istrazivanja i rukopisa.
Informacije koje su dobili u privatnom razgovo-
ru ili korespondenciji sa tre¢im licima, prilikom
recenziranja prijava projekata ili rukopisa i sli¢no,
ne smeju se koristiti bez izri¢ite pisane dozvole
izvora.

Plagijarizam

Plagiranje, odnosno preuzimanje tudih ideja,
re¢i ili drugih oblika kreativnog izraza i predstavlj-
nje kao svojih, predstavlja grubo krSenje nau¢ne
i izdavacke etike. Plagiranje moze da ukljucuje i
kr$enje autorskih prava, §to je zakonom kaznjivo.

Plagijat obuhvata sledece:

doslovno ili gotovo doslovno preuzimanje ili
smisljeno parafraziranje (u cilju prikrivanja pla-
gijata) delova tekstova drugih autora bez jasnog
ukazivanja na izvor ili obelezavanje kopiranih fra-
gmenata (na primer, kori$¢enjem navodnika);

kopiranje slika ili tabela iz tudih radova bez
pravilnog navodenja izvora i/ili bez dozvole auto-
ra ili nosilaca autorskih prava.

Rukopisi kod kojih postoje jasne indicije da se
radi o plagijatu bi¢e automatski odbijeni i autori-
ma e biti privremeno zabranjeno da objavljuju u
Casopisu Arheologija i prirodne nauke.

Ako se ustanovi da je rad koji je objavljen u ¢a-
sopisu plagijat, isti ¢e biti povucen u skladu sa pro-
cedurom opisanom pod Povlacenje vec objavljenih
radova, a autorima ce biti privremeno zabranjeno
da objavljuju u Casopisu Arheologija i prirodne
nauke.

Sukob interesa

Autori su duzni da u radu ukazu na finansijske
ili bilo koje druge sukobe interesa koji bi mogli da
uti¢u na iznesene rezultate i interpretacije.

Greske u objavljenim radovima

U sluc¢aju da autori otkriju vaznu gresku u
svom radu nakon njegovog objavljivanja, duzni su
da momentalno o tome obaveste urednika ili izda-
vaca i da sa njima saraduju kako bi se rad povukao
ili ispravio.

Predavanjem rukopisa redakciji Arheologija i
prirodne nauke autori se obavezuju na postovanje
navedenih obaveza.
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OBAVEZE RECENZENATA

Recenzenti su duzni da stru¢no, argumento-
vano, nepristrasno i u zadatim rokovima dostave
uredniku ocenu nau¢ne vrednosti rukopisa.

Recenzenti evaluiraju radove u odnosu na
uskladenost teme rada sa profilom ¢asopisa, rele-
vantnost istrazivane oblasti i primenjenih metoda,
originalnost i nau¢nu relevantnost podataka izne-
senih u rukopisu, stil nau¢nog izlaganja i opre-
mljenost teksta nau¢nim aparatom.

Recenzent koji ima osnovane sumnje ili sazna-
nja o krsenju etickih standarda od strane autora
duzan je da o tome obavesti urednika. Recenzent
treba da prepozna vazne objavljene radove koje
autori nisu citirali. On treba da upozori urednika
i na bitne sli¢nosti i podudarnosti izmedu ruko-
pisa koji se razmatra i bilo kojeg drugog objavlje-
nog rada ili rukopisa koji je u postupku recenzije
u nekom drugom ¢asopisu, ako o tome ima licna
saznanja. Ako ima saznanja da je isti rukopis raz-
matra u viSe Casopisa u isto vreme, recenzent je
duzan da o tome obavesti urednika.

Recenzent ne sme da bude u sukobu interesa sa
autorima ili finansijerom istrazivanja. Ukoliko po-
stoji sukob interesa, recenzent je duzan da o tome
momentalno obavesti urednika.

Recenzent koji sebe smatra nekompetentnim
za temu ili oblast kojom se rukopis bavi duzan je
da o tome obavesti urednika.

Recenzija mora biti objektivna. Komentari koji
se ti¢u licnosti autora smatraju se neprimerenim.
Sud recenzenata mora biti jasan i potkrepljen ar-
gumentima.

Rukopisi koji su poslati recenzentu smatraju se
poverljivim dokumentima. Recenzenti ne smeju
da koriste neobjavljen materijal iz predatih ruko-
pisa za svoja istrazivanja bez izricite pisane dozvo-
le autora, a informacije i ideje iznesene u predatim
rukopisima moraju se ¢uvati kao poverljive i ne
smeju se koristiti za sticanje licne koristi.

POSTUPAK RECENZIJE

Primljeni radovi podlezu recenziji. Cilj recen-
zije je da redakciji pomogne u donosenju odluke
o tome da li rad treba prihvatiti ili odbiti i da kroz
proces komunikacije sa autorima pobolj$a kvalitet
rukopisa.

Svaki rad predat redakciji ¢asopisa Arheolo-
gija i prirodne nauke dobija po dva recenzenta.
Recenzenti su istaknuti istraziva¢i, u nau¢nom
zvanju istom ili viSem od autora rukopisa, kom-
petentni u oblasti kojom se rukopis bavi. Predlog
recenzenata daje redakcija, a usvaja glavni i odgo-
vorni urednik.

Rukopisi se recenziraju po sistemu double-blind,
koji podrazumeva anonimnu recenziju: identitet
autora je nepoznat recenzentima i obrnuto.

Recenzent je duzan da recenziju po$alje redak-
ciji najkasnije u roku od 30 dana nakon prijema
rukopisa. Recenzenti za svoj rad ne dobijaju ho-
norare.

Ukoliko recenzenti traze izmene u rukopisu,
autori su duzni da u roku od 30 dana redakciji
vrate izmenjen rukopis, ili ukoliko ne izmene, uz
rukopis dostave argumentovano obrazloZenje za-
$to izmena nije u¢injena. Isto vazi i za radove koji
nisu pripremljeni u skladu sa uputstvom za autore.

Odluku o prihvatanju rukopisa za $tampu do-
nosi redakcija ¢asopisa Arheologija i prirodne
nauke ve¢inom glasova na predlog recenzenata, a
u skladu sa izmenama na rukopisu koje su autori
izvrsili ili u skladu sa dostavljenim obrazlozenjem.

Nakon kona¢nog formiranja sadrzaja broja,
rukopisi idu na lekturu, a potom se $alju grafi¢-
kom dizajneru koji treba da uradi prelom za $tam-
pu. Pre odlaska u $tampu rade se jos dve korekture
u PDF formatu. Kona¢no odobrenje za Stampanje
¢asopisa Arheologija i prirodne nauke daje glavni
i odgovorni urednik. Rukopis celog broja u $tam-
pariji treba da bude do 30. novembra.

Predlozeni recenzenti od strane redakcije, do-
bijaju recenzentski obrazac koji sadrzi niz pitanja
na koja treba odgovoriti, a koja recenzentima uka-
zuju koji su to aspekti koje treba obuhvatiti kako
bi se donela odluka o sudbini jednog rukopisa. U
zavr$nom delu obrasca, recenzenti moraju da na-
vedu svoja zapazanja i predloge kako da se pod-
neti rukopis poboljsa. Identitet recenzenata ostaje
nepoznat autorima pre, tokom i nakon postupka
recenzije. Autorima se preporucuje da prilikom
pisanja radova izbegavaju formulacije koje bi
mogle otkriti njihov identitet. Redakcija garantu-
je da ¢e pre slanja rukopisa na recenziju iz njega
biti uklonjeni li¢ni podaci autora (pre svega, ime
i afilijacija) i da ¢e se preduzeti sve razumne mere
kako bi identitet autora ostao nepoznat recenzen-
tima do okoncanja postupka recenzije.
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Izbor recenzenata spada u diskreciona prava
redakcije. Recenzenti moraju da raspolazu relevan-
tnim znanjima u vezi sa oblas¢u kojom se rukopis
bavi i pozeljno je da to ne budu autori koji su u
skorije vreme objavljivali publikacije zajedno (kao
koautori) sa bilo kojim od autora podnesenog rada.

Tokom ¢itavog procesa, recenzenti deluju ne-
zavisno jedni od drugih. Recenzentima nije poznat
identitet drugih recenzenata. Ako odluke recenze-
nata nisu iste (prihvatiti / odbiti), glavni urednik
moze da trazi misljenje drugih recenzenata.

Tokom postupka recenzije urednik moze da
zahteva od autora da dostave dodatne informaci-
je, ako su one potrebne za dono$enje suda o na-
uénom doprinosu rukopisa. Urednik i recenzenti
moraju da ¢uvaju takve informacije kao poverljive
i ne smeju ih koristiti za sticanje li¢ne koristi.

Redakcija je duzna da obezbedi kontrolu kvali-
teta recenzije. U slucaju da autori imaju ozbiljne i
osnovane zamerke na ra¢un recenzije, redakcija ¢e
proveriti da li je recenzija objektivna i da li zado-
voljava akademske standarde. Ako se pojavi sum-
nja u objektivnost ili kvalitet recenzije, urednik ¢e
traziti migljenje drugih recenzenata.

RAZRESAVANjE SPORNIH SITUACIJA

Svaki pojedinac ili institucija mogu u bilo kom
trenutku da uredniku i/ili redakciji prijave sazna-
nja o kr$enju eti¢kih standarda i drugim nepravil-
nostima i da o tome dostave neophodne informa-
cije/dokaze.

Provera iznesenih navoda i dokaza

Urednik ¢e u dogovoru sa redakcijom odludi-
ti o pokretanju postupka koji ima za cilj proveru
iznesenih navoda i dokaza.

Tokom tog postupka svi izneseni dokazi sma-
trae se poverljivim materijalom i bi¢e predoceni
samo onim licima koja su direktno uklju¢ena u
postupak.

Licima za koja se sumnja da su prekrsila etic-
ke standarde bi¢e data moguénost da odgovore na
optuzbe iznesene protiv njih.

Ako se ustanovi da je zaista doslo do nepravil-
nosti, procenice se da li ih treba okarakterisati ako
manji prekrsaj ili grubo krsenje etickih standarda.

Manji prekrsaj

Situacije okarakterisane kao manji prekrsaj re-
$avace se u direktnoj komunickaciji sa licima koja
su prekr$aj ucinila, bez ukljucivanja trecih lica, npr.:

obavestavanjem autora/recenzenata da je doslo
do manjeg prekrsaja koji je proistekao iz nerazu-
mevanja ili pogresne primene akademskih stan-
darda;

pismo upozorenja autoru/recenzentu koji je
ucnio manji prekrsaj.

Grubo krsenje etickih standarda

Odluke u vezi sa grubim krenjem etickih stan-
darda donosi urednik u saradnji sa redakcijom i,
ako je to potrebno, malom grupom struc¢njaka.
Mere koje ¢e preduzeti mogu biti sledece (i mogu
se primenjivati pojedina¢no ili istovremeno):

objavljivanje saopstenja ili uvodnika u kom se
opisuje slucaj krsenja etickih standarda;

slanje sluzbenog obavestenja rukovodiocima
ili poslodavcima autora/recenzenta;

povladenje objavljenog rada u skladu sa pro-
cedurom opisanom pod Povlacenje vec objavljenih
radova;

autorima Ce biti zabranjeno da tokom odrede-
nog perioda $alju radove u ¢asopis;

upoznavanje relevantnih stru¢nih organizacija
ili nadleznih organa sa slu¢ajem kako bi mogli da
preduzmu odgovarajuce mere.

Prilikom razre$avanja spornih situacija redak-
cija Casopisa se rukovodi smernicama i preporu-
kama Odbora za etiku u izdavastvu (Committee
on Publication Ethics - COPE): http://publicatio-
nethics.org/resources/.

POVLACENJE VEC OBJAVLJENIH
RADOVA

U slucaju kr$enja prava izdavaca, nosilaca au-
torskih prava ili autora, povrede profesionalnih
etickih kodeksa, tj. u slu¢aju slanja istog rukopisa
u viSe Casopisa u isto vreme, lazne tvrdnje o au-
torstvu, plagijata, manipulacije podacima u cilju
prevare, kao i u svim drugim sluc¢ajevima grubog
krienja etikih standarda, objavljeni rad se mora
povuéi. U nekim sluc¢ajevima ve¢ objavljeni rad se
moze povudi i kako bi se ispravile naknadno uo-
Cene greske.

304



Archaeology and Science 18 (2022)

Standardi za razreSavanje situacija kada mora
do¢i do povlacenja rada definisani su od strane
biblioteka i nau¢nih tela, a ista praksa je usvojena
i od strane ¢asopisa Arheologija i prirodne nau-
ke: u elektronskoj verziji izvornog c¢lanka (onog
koji se povlaci) uspostavlja se veza (HTML link)
sa obave$tenjem o povlacenju. Povuceni ¢lanak se
¢uva u izvornoj formi, ali sa vodenim Zigom na
PDF dokumentu, na svakoj stranici, koji ukazuje
da je ¢lanak povucen (RETRACTED).

OTVORENI PRISTUP

Casopis Arheologija i prirodne nauke je dostu-
pan u rezimu otvorenog pristupa. Clanci objavlje-
ni u ¢asopisu mogu se besplatno preuzeti sa sajta i
koristiti u skladu sa licencom Creative Commons
— Autorstvo-Nekomercijalno-Bez prerada 3.0 Sr-
bija (https://creativecommons.org/licenses/by-nc-
nd/3.0/rs/.

Postupak predavanja rukopisa, recenzija i
objavljivanje radova su besplatni.

SAMOARHIVIRANJE

Casopis Arheologija i prirodne nauke omogu-
¢ava autorima da prihvacena, recenzirana verzija
rukopisa, kao i finalna, objavljena verzija u PDF
formatu deponuju u institucionalni repozitorijum
i/ili nekomercijalne baze podataka, ili da rad obja-
ve na licnim veb stranicama (ukljuc¢ujuéi i profile
ne drustvenim mrezema za nau¢nike, kao $to su
ResearchGate, Academia.edu itd.) i/ili na sajtu in-
stitucije u kojoj su zaposleni, a u skladu sa odred-
bama licence Creative Commons Autorstvo-Ne-
komercijalno-Bez prerada 3.0 Srbija (http://
creativecommons.org/licenses/by-nc-nd/3.0/rs/),
u bilo koje vreme nakon objavljivanja u ¢asopisu.
Pri tome se moraju navesti osnovni bibliografski
podaci o ¢lanku objavljenom u ¢asopisu (autori,
naslov rada, naslov ¢asopisa, volumen, sveska,
pagincaija), a mora se navesti i identifikator digi-
talnog objekta — DOI objavljenog ¢lanka u formi
HTML linka.

AUTORSKA PRAVA

Kada je rukopis prihvacen za objavljivanje, au-
tori prenose autorska prava na izdavaca.

Na izdavaca se prenose slede¢a prava na ruko-
pis, uklju¢ujudi i dodatne materijale, i sve delove,
izvode ili elemente rukopisa:

o  pravo da reprodukuje i distribuira rukopis
u Stampanom obliku, ukljucujuéi i $tam-
panje na zahtev;

e  pravo na Stampanje probnih primeraka,
reprint i specijalnih izdanja rukopisa;

«  pravo da rukopis prevede na druge jezike;

o pravo da rukopis reprodukuje koristeci fo-
tomehanicka ili slicna sredstva, uklju¢uju-
¢i, ali ne ogranicavajudi se na fotokopira-
nje, i pravo da distribuira ove kopije;

o  pravo da rukopis reprodukuje i distribuira
elektronski ili opticki koriste¢i sve nosioce
podataka ili medija za pohranjivanje, a na-
ro¢ito u masinski citljivoj/digitalizovanoj
formi na nosac¢ima podataka kao $to su
hard disk, CD-ROM, DVD, Blu-ray Disc
(BD), mini disk, trake sa podacima, i pra-
vo da reprodukuje i distribuira rukopis sa
tih prenosnika podataka;

o pravo da sacuva rukopis u bazama poda-
taka, uklju¢ujudi i onlajn baze podataka,
kao i pravo prenosa rukopisa u svim teh-
nic¢kim sistemima i reZimima;

o pravo da rukopis ucini dostupnim javno-
sti ili zatvorenim grupama korisnika na
osnovu pojedinac¢nih zahteva za upotrebu
na monitoru ili drugim ¢ita¢ima (ukljucu-
judi i ¢itace elektonskih knjiga), i u $tam-
panoj formi za korisnike, bilo putem inter-
neta, onlajn servisa, ili putem internih ili
eksternih mreza.

ODRICANjE ODGOVORNOSTI

Izneseni stavovi u objavljenim radovima ne
izrazavaju stavove urednika i ¢lanova redakcije
¢asopisa. Autori preuzimaju pravnu i moralnu
odgovornost za ideje iznesene u svojim radovima.
Izdavac nece snositi nikakvu odgovornost u sluca-
ju ispostavljanja bilo kakvih zahteva za naknadu
Stete.
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UPUTSTVO AUTORIMA O NACINU PRIPREME CLANKA
ZA CASOPIS ARHEOLOGIJA I PIRODNE NAUKE

Redakcija ¢asopisa Arheologija i prirodne na-
uke odlucila je da primenom Akta o uredivanju
naucnih ¢asopisa-Ministarstva za nauku i tehno-
loski razvoj Republike Srbije, kojim se ureduje
opremanje nauc¢nih casopisa u celini, unapredi do-
sadasnji kvalitet ¢asopisa i na taj nacin doprinese
njegovom potpunijem ukljuc¢ivanju u medunarod-
ni sistem razmene nau¢nih informacija.

Casopis Arheologija i prirodne nauke posve-
¢en je temama iz nau¢nih oblasti arheologije, isto-
rije arhitekture, istorije umetnosti, antropologije,
arheozoologije, arheobotanike, geofizike, racu-
narskog inZenjerstva i ostalih nau¢nih disciplina
i tehnika.

Casopis Arheologija i prirodne nauke objav-
ljuje originalne, prethodno neobjavljene radove:
originalne nau¢ne radove, pregledne radove, izve-
$taje sa iskopavanja, kritike i prikaze.

Jezici na kojima se mogu predati ¢lanci su en-
gleski, nemacki ili francuski. Ukoliko je rad napi-
san na engleskom jeziku, rezime moze biti na srp-
skom (za domace autore) ili engleskom (za strane
autore), dok kod ¢lanaka predatih na nemackom
ili francuskom, rezimei moraju biti na engleskom
jeziku.

Clanci koji se predaju redakciji ¢asopisa Arhe-
ologija i prirodne nauke moraju biti opremljeni
na standardni nadin. Svaki tekst koji se predaje
treba da sadrzi: naslov; ime autora; naziv ustanove
(afilijacija); apstrakt; klju¢ne redi; osnovni tekst;
rezime; graficke priloge sa listom ilustracija; bibli-
ografiju; kontakt podatke.

1. Naslov treba da bude kratak i jasan, i da
$to vernije opiSe sadrzaj ¢lanka. U naslo-
vu treba da se koriste re¢i prikladne za in-
deksiranje i pretrazivanje. Ako takvih reci
nema u naslovu, pozeljno je da se naslovu
pridoda podnaslov. Naslov se pise u petom
ili $estom redu ispod gornje margine ve-
likim masnim (bold) slovima veli¢ine 14
(pts).

2. Autor ili autori c¢lanka treba da navedu
svoje puno ime i prezime.

3. Autor ili autori treba da navedu zvani¢an
naziv i sediSte ustanove u kojoj su zapo-
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sleni, a eventualno naziv i sedi$te ustanove
u kojoj su obavili istrazivanja ¢ije rezultate
sada objavljuju. Kod slozenih intstitucija
navodi se ukupan naziv (na pr.: Univerzi-
tet u Beogradu, Filozofski fakultet, Odelje-
nje za arheologiju, Beograd).

Apstrakt je kratak prikaz sadrzaja ¢lanka
(100-250 reci). Pozeljno je da sadrze ter-
mine koji se Cesto koriste za indeksiranje
i pretrazivanje ¢lanaka. Apstrakt treba da
pruzi podatke o cilju istrazivanja, metodi,
rezultatima istrazivanja i zakljucku. Ap-
strakte treba priloziti dvojezi¢no (na srp-
skom jeziku, engleskom ili nekom drugom
jeziku rasirene upotrebe). Za sazetke na
stranim jezicima nuzno je obezbediti kva-
lifikovanu lekturu, odnosno gramaticku i
pravopisnu ispravnost.

Klju¢ne reci treba da budu termini koji
najbolje opisuju sadrzaj ¢lanka za potrebe
indeksiranja i pretrazivanja. Treba ih na-
voditi na osnovu nekog medunarodnog
izvora (popisa, re¢nika, tezaurusa) koji je
najsire prihvacen, kao $to je lista kljucnih
re¢i Web of Science. Broj klju¢nih reci ne
treba da bude ve¢i od 10.

Clanci ne bi trebalo da prelaze dva au-
torska tabaka (32 strane), u formatu A4
uklju¢ujué¢i napomene i ilustrativni deo.
Tekst treba uraditi kompjuterski u fontu
Times New Roman ili Arial (12 pts), MS
Office Word 97 ili novijim, sa proredom
1,5 i marginama 2,54cm. Osnovni tekst ne
sme da sadrzi ilustracije, ve¢ se one se pre-
daju kao posebni fajlovi.

Rukopisi se predaju na srpskom jeziku u
¢irili¢noj ili latini¢noj verziji pisma. Ukoli-
ko autor Zeli da rad pisan na srpskom jezi-
ku preda za stampu u verziji prevedenoj na
engleski ili neki drugi jezik rasirene upo-
trebe u medunarodnoj komunikaciji, du-
zan je da navede ime prevodioca, odnosno
lektora koji je tekst priredio za Stampu na
stranom jeziku. Pored toga, radu pisanom
na nekom od stranih jezika treba dodati i
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10.

11.

rezime na srpskom jeziku. Re¢i, navodi i
naslovi pisani na nekom od stranih jezika
treba da budu napisani u svom izvornom
obliku. Napomene mogu biti sastavni deo
osnovnog teksta. Treba da sadrze manje
vazne podatke ili odgovarajuca objasnje-
nja. One nisu zamena za citiranu literatu-
ru. (Poseban odeljak ovog Uputstva govori
o nacdinu citiranja koji treba primenjivati
prilikom pisanja tekstova).

Rezime treba da sadrzi isto $to i apstrakt,
ali u prosirenom obimu koji ne bi smeo da
prelazi 1/10 obima osnovnog teksta. Po-
sebno je pozeljno da rezime bude u struk-
turalnom obliku. Za tekstove predate na
engleskom jeziku, rezimei treba da budu
predati na srpskom jeziku. Za tekstove
predate na nemackom ili francuskom, pre-
dati rezimei treba da budu na engleskom
jeziku.

Graficki prilozi (fotografije, table, skice,
grafikoni itd.) treba da budu dati na jed-
noobrazan nacin. Skenirane priloge treba
priloziti u rezoluciji 600 dpi/inch, a foto-
grafije u rezoluciji najmanje 300 dpi/inch
u formatima TIFE, PSD ili JPG. Graficki
prilozi se predaju kao poseban deo rada
i ne treba da budu u sastavu osnovnog
teksta. Naslove i tekstualne sadrzaje ilus-
trativnih priloga treba priloziti dvojezi¢no
(na jeziku rada, na engleskom ili nekom
drugom jeziku rasirene upotrebe).
Citirirana literatura obuhvata bibliograf-
ske izvore (¢lanke, monografije itd.) i daje
se u posebnom delu ¢lanka u vidu liste
referenci. Ona je je sastavni deo svakog
naucnog rada, sa precizno navedenim bi-
bliografskim jedinicama (referencama)
koje su citirane. Literatura se navodi na
dosledan nacin, redosledom koji zavisi
od standarda navodenja u tekstu i koji je
preciziran ovim uputstvom. Bibliografske
jedinice navode se u literaturi na jeziku i
pismu na kojima su objavljene.

Citirirana literatura obuhvata bibliograf-
ske izvore (¢lanke, monografije itd.) i u
radu se navodi u vidu referenci u fusno-
tama i spiska literature / bibliografije na
kraju teksta. Ona je je sastavni deo svakog
nau¢nog rada, sa precizno navedenim bi-

bliografskim jedinicama (referencama)
koje su citirane. Literatura se navodi na
dosledan nacin, redosledom koji zavisi
od standarda navodenja u tekstu i koji je
preciziran ovim uputstvom. Literatura se
u bibliografiji ispisuje na jeziku i pismu na
kome je objavljena. U slu¢ajevima kada je
publikacija §tampana dvojezi¢no, sve po-
datke treba navesti dvojezi¢no takode, ili
ukoliko je rezime $tampan na drugom je-
ziku, onda navesti naslov rezimea na tom
jeziku.

Nacin navodenja u bibliografiji:

Popovié, 1. 2009

Gilt Fibula with Christogram from Imperial
Palace in Sirmium (Pe3ume: I[Toznahena ¢pubyna ca
XPUCTOTpaMoOM 13 Lapcke manare y Cupmujymy)
Starinar LVII (2007): 101-112.

Publikacije $tampane ¢irili¢nim, grékim ili bilo
kojim drugim nelatini¢nim pismom, transkribuju
se na latinicu u skladu sa standardima Americkog
biblioteckog drustva i Kongresne biblioteke SAD
(http://www.loc.gov/catdir/cpso/roman.html), npr:

Citat u tekstu/fusnoti: (ITorroBuh 1988: 67)

Nacin navodenja u bibliografiji:

ITonosuh, M. 1988

Anmuuxo opyhe 00 esoxcha y Cp6uju, beorpan:
Haponuu myse;j.

(Popovi¢, 1. 1988

Anticko orude od gvozda u Srbiji, Beograd: Na-
rodni muzej).

12. Sastavni delovi bibliografskih jedinica (au-
torska imena, naslov rada, izvor itd.) navo-
de se u skladu sa usvojenom formom na-
vodenja. Redakcija ¢asopisa Arheologija
i prirodne nauke prihvatila je preporuku
Ministarstva za nauku i tehnoloski razvoj
i odlucila da autori treba dosledno da pri-
menjuju pravila citiranja i navodenja lite-
rature prema uzoru na sistem koji navodi-
mo u daljem delu teksta.

U primerima koji slede navedene su najcece
citirane vrste refererenci:
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I KNJIGE (MONOGRAFIJE)

1. Autorizovane knjige

a. jedan autor

u tekstu: (Popovic 2006)

u literaturi:

Prezime, Inicijal imena. Godina

Naslov monografije (u kurzivu), Mesto izda-
nja: Izdavac.

Popovi¢, 1. 2006

Roma aeterna inter Savum et Danubium, Works
of Roman Art from the Petrovi¢-Vasié Collection,
Belgrade: Archaeological Institute.

- Potrebno je navesti i naziv serije i broj:

Mirkovi¢, M. 1968

Rimski gradovi na Dunavu u Gornjoj Meziji,
Dissertationes 6, Beograd: Arheolosko drustvo
Jugoslavije.

Papazoglu, E1969

Srednjobalkanska plemena u predrimsko doba
(Tribali, Autarijati, Dardanci, Skordisci i Mezi),
Djela 30, Centar za balkanoloska ispitivanja 1,
Sarajevo: Akademija nauka i umjetnosti Bosne i
Hercegovine.

b. dva ili tri autora

Izmedu imena prvog i drugog autora, ili dru-
gog i tre¢eg u bibliografskoj jedinici na srpskom
jeziku treba da stoji veznik i (¢iriliénim pismom,
ako je bibliografska jedinica na ¢irilici, a latini¢-
nim i, ako je na latinici). Ako je rad naveden u li-
teraturi na engleskom ili nekom drugom stranom
jeziku, treba da stoji (bez obzira na kori$¢eni jezik)
engleski veznik and.

u tekstu: (Popovi¢ i Bori¢-Breskovi¢ 1994: 16-18)

u Literaturi:

Popovi¢, 1. i Bori¢-Breskovi¢ B. 1994

Ostava iz Bele Reke, Arheoloske monografije 7,
Beograd: Narodni muze;j.

IvaniSevi¢, V., Kazanski, M. and Mastykova, A. 2006

Les necropoles de Viminacium a I'Epoque des
Grandes Migrations, Monographies 22, Paris:
Association des Amis du Centre d’Histoire et Ci-
vilisation de Byzance.

c. Cetiri i viSe autora
Za knjige Stampane ¢irilicom koje imaju cetiri
i viSe autora, u osnovnom tekstu navodi se samo

ime prvog autora i dodaje se u nastavku i dr. Za
knjige $tampane latinicom koristi se u nastavku
skracenica et al. Skradenica etc. Kkoristi se u slu-
¢ajevima kada ima viSe od tri suizdavaca ili mesta
izdanja.

2. Autorizovane knjige sa pridodatim ime-
nom urednika

u tekstu: (Jeremic¢ 2009: 40)

u Literaturi:

Jeremié, G. 2009

Saldum, Roman and Early Byzantine Fortifica-
tion, ed. S. Peri¢, Cahiers des Portes de Fer, Mo-
nographies 6, Belgrade: Institute of Archaeology.

3. Priredene knjige (umesto autora - urednik,
prirediva¢, prevodilac) - (ur.), (ed., eds.), (prev.).

u tekstu: (ITomosuh 1994)

u Literaturi:

ITonosuh, N. (ur.) 1994

Anmuuxo cpebpo y Cpbuju, beorpan: Hapogun
MY3€j.

u tekstu: (Morris 2002)

u Literaturi:

Morris, I. (ed.) 2002

Classical Greece-Ancient Histories and Modern
Archaeologies, Cambridge: Cambridge University
Press.

u tekstu: (Hurst and Owen 2005)

u Literaturi

Hurst, H. and Owen. S.(eds) 2005

Ancient Colonizations-Analogy, Similarity and
Difference, London: Duckworth.

u tekstu: (Pagojunh 1960)

u Literaturi:

Papojuuh, H. (prev.) 1960

3axonuk yapa Cmepana Jywana 1349. u 1354,
Beorpap: Cpricka akafieMyja HayKa ¥ YMETHOCTH.

4. Knjiga bez naznacenog autora

u tekstu: (Anon. 1985)

u Literaturi:

Anon. 1985

Anonymi Peri strategias, The Anonymous By-
zantine Treatise on Strategy, Three Byzantine Mi-
litary Treatise (trans. G.T. Dennis), Washington
DC.
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5. Istovremeno citiranje i navodenje vise
knjiga istog autora

a. pisanih razli¢itim pismom

u tekstu: (TTomosuh 2002: 23-26; Popovi¢ 2006: 33)

u Literaturi:

[Tomosuh, M. 2002

Haxum ca Jyxopa, ocmaea unu cakpanvu
me3saypyc, Apxeonoumke MoHorpapuje 14,
ITocebna uspama 36, beorpan: Hapoguu mMysej u
ApxeonouKn MHCTUTYT.

Popovig, 1. 2006

Roma Aeterna inter Savum et Danubium,
Works of Roman Art from the Petrovi¢-Vasi¢
Collection, Belgrade: Archaeological Institute.

b. pisanih iste godine

u tekstu: (Dawkins 1996a; Dawkins 1996b)
u Literaturi:

Dawkins, R. 1996a

Climbing Mount Improbale, London: Viking.
Dawkins, R. 1996b

River out of Eden, London: Pfoenix.

6. Citiranje i navodenja poglavlja i odeljka u
knjizi (zborniku radova)

u tekstu: (ITerposuh 1997: 87-90)

u Literaturi:

[Terposuh, b. 1997

Haxwr, y: Aumuuxa 6ponsa Cuneudynyma, yp.
C. Kpynuh, beorpan: Mysej rpapa, 85-117.

u tekstu: (Samson 1970: 44-68)

u Literaturi:

Samson, C. 1970

Problems of information studies in history,
in: Humanities information research, S. Stone, ed.,
Sheffield: CRUS, 44-68.

7. Prevedene knjige

u Literaturi:

Bajron, Dz. G. 2005 (1812)

Cajld Harold, predgovor Z. Paunovi¢, prevod i
predgovor N. Tucev, Beograd: Zavod za udzbenike
i nastavna sredstva.

8. Knjige i ¢lanci objavljeni u elektronskom
obliku

u tekstu: (Fishman 2005: 11)

u Literaturi:

Fishman, R. 2005

The rise and fall of suburbia, [e-book], Chester:
Casle Press. Available through Anglia Ruskin Uni-

versity Library. http://libweb.anglia.ac.uk>[pri-
stuplieno 5 juna 2005].

II RADOVI OBJAVLJENI U
ZBORNICIMA, AKTIMA KONGRESA I
SLICNO

Prezime, Inicijal imena. Godina

Naslov rada, Naslov zbornika (kurziv), ur.
Inicijal imena. Prezime, Mesto izdanja: Izdavac,
broj strane.

bpyknep, O. 1987

VimMnopToBaHa M ITaHOHCKA KepaMM4Ka IIpo-
OYKIUja ca aclleKTa MAPYIITBeHO-eKOHOMCKUX
npoMeHa, y: Iloueyu pomanusayuje y jy20ucmou-
Hom Odeny nposunyuje Ilanonuje, yp. M. CrojaHoB:
Hosu Cap: Matuua cprcka, 25-44.

Potrebno je navesti i podatke o seriji:

[Merposuh, II. 1997

Pumsbann vHa TuMoky, y: Apxeonozuja ucmoure
Cpbuje (Hayunm cxyn Apxeonormja MCTOYHE
Cpb6uje, beorpap-Towyu Munanosal, menemobap
1995), yp. M. Jlasuh, Ilentap sa apxeomoluka
uctpaxuBamwa 18: beorpam:  ®Pumosodcku
¢axynrert, 115-131.

ITI PERIODIKA

Prezime, Inicijal imena. Godina
Naslov rada, Naziv ¢asopisa (kurziv) broj ¢a-
sopisa: broj strane.

Bajanosuh-Xanu-ITeunh, M. 2001

Hanasu xabaHcke 1 mocTxabaHCKe KepaMmKe y
Cp6uju, Ioduwrwax epada beoepada 47-48 (2000-
2001): 107-121.

- Za ¢asopise ¢iji su nazivi sli¢ni, iza naziva ¢a-
sopisa u zagradi treba navesti mesto izdanja:

Anbenkosnh, B. 1988

[Ipancropmjcku  Hamasu ca  JIOKalIuTeTa
Jenmuua-Ipanuna, 36opHux  padosa Hapooroe
myseja (Hagak) 18: 81-85.
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Anbenkosnh, b. 1994

IIppu  pesynraru aHanmuse MyMmuje U3
Hapogsor myseja y beorpany, 360pnux HapooHoe
myseja (beorpan) 15-1: 153-159.

- Cmapunap se, zavisno od godine izdanja, na-
vodi punim nazivom:

godine 1884-1895 - Cmapunap Cpncxoe apxe-
on10UiK02 Opywmea

godine 1906-1914 [novogreda] - Crmapunap (a.p.)

godine 1922-1942 [treca serija] - Cmapunap (1.c.)

godine 1950-2010 [nova serija] - Crmapunap (1.c.)

- Ukoliko se godina izlazenja i godina za koju
¢asopis izlazi razlikuju, navesti i drugu godinu u
zagradi:

Kepasuna, 3., u Kepasuma, JI. 1979

CpenmOBeKOBHO Hace/be y IlomoBuuM KOX
Herotnna, Cmapunap (u.c.) 28-29 (1977-1978):
201-211.

Rad u $tampi / u pripremi

- (u $tampi), u tekstu na engleskom jeziku (in
press)

- (u pripremi), u tekstu na engleskom jeziku
(forthcoming).

u tekstu: (Joanosuh, u Stampi)

u literaturi:

JoBanoBmh, A. (u $tampi)

Bop u okonmua y anTudkom nepuony, y: bop u
OKONUHA Y NPAUCOPUJU, AHMULU U CDeOHeM 8eKY,
yp- M. Jlasuh, Bop u Beorpan: Mysej pygapctsa u
Meranypruje u Punozodpckn akynrer.

Iv CLANCI I1Z ELEKTRONSKIH
CASOPISA

Clanci preuzeti sa interneta iz elektronskih ¢a-
sopisa navode se na isti na¢in kao $tampani ¢lanci,
ali se na kraju dodaje puna veb adresa sa http://...

V Doktorske disertacije i magistarske teze

Umesto mesta izdanja i izdavaca navodi se na-
ziv fakulteta/univerziteta gde je teza odbranjena.

u literaturi:

Ili¢, O. 2005

Ranohriséanski pokretni nalazi na podrucju dije-
ceze Dakije od IV do pocletka VII veka, Magistarski
rad, Filozofski fakultet, Univerzitet u Beogradu.

Patch, D. C. 1991

The Origin and Early Development of Urbani-
sm in Ancient Egypt: A regional Study, Ph.D thesis,
University of Pennsylvania.

VI Popularni magazini/Casopisi i novinski
clanci

u tekstu: Kamranun, M. 1929

u literaturi:

Kamanmu, M. 1929

Mysej caBpeMmeHe ymeTHOCTH, Tlonumuxa, 23.
jyn, 7-8.

12. Sve reference citirane u tekstu navode se po
azbu¢nom (abecednom ukoliko je tekst na engle-
skom ili nekom drugom jeziku) redosledu inicija-
la u prezimenu autora ili pocetnog slova u nazivu
dela (ako autor ili urednik nisu naznaceni).

Predaja radova

13. Prilikom predaje rukopisa, autor treba da
navede i svoje kontakt podatke u posebnom fajlu:
adresu ustanove u kojoj je zaposlen i svoju e-ma-
il adresu. Ako ima vide autora, navode se kontakt
podaci samo prvog autora. Takode autor je duzan
da navede naziv i $ifru projekta, odnosno naziv
programa u okviru kojeg je ¢lanak nastao, kao i
naziv institutcije koja je finansirala projekat.

14. Svaki od prispelih nau¢nih radova redakci-
ja Casopisa prosledi¢e anonimnim recenzentima.
O postupku recenzije, duznostima i obavezama
autora, recenzenata i redakcije, autori se mogu in-
formisati u AKTU O UREDIVACKOJ POLITICI
Casopisa Arheologija i prirodne nauke.

15. Radove pripremljene za S$tampu treba
predati sekretaru redakcije. Pored kopije teksta
u Stampanoj verziji, rad treba dostaviti i u elek-
tronskoj formi na CD-u. Radove pripremljene za
$tampu treba predati sekretaru redakcije. Pored
kopije teksta u $tampanoj verziji, rad treba do-
staviti i u elektronskoj formi na CD-u ili putem
e-meil poste.

- Stampana verzija rada treba da bude uredena
na slededi nacin: 1. naslov rada; 2. ime, srednje slo-
vo i prezime autora; 3. afilijacija autora; 4. apstrakt
; 5. klju¢ne reci; 6. osnovni tekst; 7. rezime; 8. bi-
bliografija; 9. ilustrativni deo; 10. spisak ilustraci-
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ja; 11. kontakt podaci (adresa ili e-mail).

- Digitalna verzija rada treba da sadrzi vie faj-
lova: 1. Word fajl u kome su sadrzani prvih Sest
delova rada (1. naslov rada; 2. ime, srednje slovo
i prezime autora; 3. afilijacija autora; 4. apstrakt ;
5. klju¢ne reci; 6. osnovni tekst); 2. Word fajl sa
rezimeom rada; 3. Word fajl sa citiranom biblio-
grafijom; 4. folder sa grafickim prilozima; 5. Word
fajl sa spiskom ilustracija (dvojezi¢no, na srpskom
i engleskom jeziku ili nekom drugom jeziku rasi-
rene upotrebe) ; 6. Word fajl sa kontakt podacima.

Rukopisi ¢e biti primljeni samo ukoliko su pi-
sani i opremljeni u skladu sa navedenim pravili-
ma. Ukoliko se autor ne slozi sa zahtevima Redak-
cije, ne uvazi primedbe recenzenta, ili intervencije
lektora, rad nece biti Stampan. Izmene tekstova
nakon dostavljenih recenzija nisu dozvoljene,
osim ukoliko se odnose na primedbe recenzena-
ta. Redakcija zadrzava pravo da od autora trazi da
ilustrativne priloge neodgovarajuéeg kvaliteta za-
meni odgovaraju¢im.

Za dodatna obja$njenja mozete se obratiti se-
kretaru redakcije dr Oliveri Ili¢ (adresa: Arheolos-
ki instiut, Kneza Mihaila 35/IV 11000 Beograd;
tel. 381 (0)11 2637 191 ili na e-mail adresi: o.ilic@
ai.sanu.ac.rs.

olivera.arh011@gmail.com

Redakcija ¢asopisa
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EDITORIAL POLICY

The journal Arheologija i prirodne nauke (Ar-
chaeology and Science) is dedicated to topics in
the areas of: archaeology, architecture, history of
arts, anthropology, archaeozoology, archaeobota-
ny, geophysics, computer engineering and similar
scholarly disciplines.

The journal Arheologija i prirodne nauke (Ar-
chaeology and Science) started to be published
in 2005 as a periodical publication issued by the
Centre for New Technologies Viminacium and the
Institute of Archaeology in Belgrade.

The journal Arheologija i prirodne nauke (Ar-
chaeology and Science) publishes original papers
that have not been published previously: original
scientific articles, scientific reviews, excavation re-
ports, book reviews, critical reviews.

Arheologija i prirodne nauke (Archaeology
and Science) is an Open Access journal.

Articles can be submitted in English, German
or French. If the paper is written in English, sum-
mary can be in Serbian (for authors from Serbia)
or English (for international authors), while arti-
cles submitted in German or French need to have
a summary in English.

Papers for Arheologija i prirodne nauke (Ar-
chaeology and Science) have to be submitted to
the editorial secretary and must be formatted in
accordance with the Guidelines/Submission in-
structions for authors.

The Journal Arheologija i prirodne nauke (Ar-
chaeology and Science) is issued once a year.

EDITORIAL RESPONSIBILITIES

The Editorial Board is responsible for deciding
which articles submitted to Arheologija i prirodne
nauke (Archaeology and Science) will be pub-
lished. The Editorial Board is guided by the Edito-
rial Policy and constrained by legal requirements
in force regarding libel, copyright infringement
and plagiarism.

The Editorial Board reserves the right to decide
not to publish submitted manuscripts in case it is
found that they do not meet relevant standards

concerning the content and formal aspects. The
Editorial Staff will inform the authors whether the
manuscript is accepted for publication within 120
days from the date of the manuscript submission.

Editorial Board must hold no conflict of in-
terest with regard to the articles they consider for
publication. If an Editor feels that there is likely to
be a perception of a conflict of interest in relation
to their handling of a submission, the selection of
reviewers and all decisions on the paper shall be
made by the editor and editorial board.

Editorial Board shall evaluate manuscripts for
their intellectual content free from any racial, gen-
der, sexual, religious, ethnic, or political bias.

The Editor and the Editorial Staff must not
use unpublished materials disclosed in submitted
manuscripts without the express written consent
of the authors. The information and ideas present-
ed in submitted manuscripts shall be kept confi-
dential and must not be used for personal gain.

The journal Arheologija i prirodne nauke
(Archaeology and Science) applies the system
of double-blind peer review. Editors and the Ed-
itorial Staff shall take all reasonable measures to
ensure that the reviewers remain anonymous to
the authors before, during and after the evaluation
process and the authors remain anonymous to re-
viewers until the end of the review procedure.

Papers prepared for publishing should be sub-
mitted to the editorial secretary between 01 to 30
June for the volume that will be published the by
the end of the current year. The Editorial board
meets after the submission of all papers. At the
first meeting, reviewers are selected and assigned
manuscripts for review.

AUTHORS’ RESPONSIBILITIES

Authors warrant that their manuscript is their
original work, that it has not been published be-
fore and is not under consideration for publication
elsewhere. Parallel submission of the same paper to
another journal constitutes a misconduct and elim-
inates the manuscript from consideration by Arhe-
ologija i prirodne nauke (Archaeology and Science).
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The Authors also warrant that the manuscript
is not and will not be published elsewhere (after
the publication in Arheologija i prirodne nauke
(Archaeology and Science) in any other language
without the consent of the Publisher.

In case a submitted manuscript is a result of a
research project, or its previous version has been
presented at a conference in the form of an oral
presentation (under the same or similar title),
detailed information about the project, the con-
ference, etc. shall be provided in front of the first
footnote and it should be marked with a star. A
paper that has already been published in anoth-
er journal cannot be reprinted in Arheologija i
prirodne nauke (Archaeology and Science).

It is the responsibility of each author to ensure
that papers submitted to Arheologija i prirodne
nauke (Archaeology and Science) are written with
ethical standards in mind. Authors affirm that the
article contains no unfounded or unlawful state-
ments and does not violate the rights of third par-
ties. The Publisher will not be held legally respon-
sible should there be any claims for compensation.

Reporting standards

A submitted manuscript should contain suf-
ficient detail and references to permit reviewers
and, subsequently, readers to verify the claims
presented in it. The deliberate presentation of false
claims is a violation of ethical standards. Book re-
views, critical reviews, and other professional arti-
cles are reviewed as well and the decision on their
acceptance or rejection is made by the Editorial
Board based on reviews.

Authors are exclusively responsible for the
contents of their submissions and must make sure
that they have permission from all involved par-
ties to make the data public.

Authors wishing to include figures, tables or
other materials that have already been published
elsewhere are required to obtain permission from
the copyright holder(s). Any material received
without such evidence will be assumed to origi-
nate from the authors.

Authorship

Authors must make sure that all only contrib-
utors who have significantly contributed to the
submission are listed as authors and, conversely,
that all contributors who have significantly con-

tributed to the submission are listed as authors.
If persons other than authors were involved in
important aspects of the research project and the
preparation of the manuscript, their contribution
should be acknowledged in a footnote or the Ac-
knowledgments section.

Acknowledgment of Sources

Authors are required to properly cite sources
that have significantly influenced their research
and their manuscript. Information received in a
private conversation or correspondence with third
parties, in reviewing project applications, man-
uscripts and similar materials, must not be used
without the express written consent of the infor-
mation source.

Plagiarism

Plagiarism, where someone assumes another’s
ideas, words, or other creative expression as one’s
own, is a clear violation of scientific ethics. Plagia-
rism may also involve a violation of copyright law,
punishable by legal action.

Plagiarism includes the following:

Word for word, or almost word for word copy-
ing, or purposely paraphrasing portions of another
author’s work without clearly indicating the source
or marking the copied fragment (for example, using
quotation marks);

Copying equations, figures or tables from
someone else’s paper without properly citing the
source and/or without permission from the origi-
nal author or the copyright holder.

Please note that all submissions are thoroughly
checked for plagiarism. Any paper which shows
obvious signs of plagiarism will be automatically
rejected and authors will be temporary permitted
to publish in Arheologija i prirodne nauke (Ar-
chaeology and Science).

In case plagiarism is discovered in a paper that
has already been published by the journal, it will
be retracted in accordance with the procedure
described below under Retraction policy, and au-
thors will be temporary permitted to publish in
Arheologija i prirodne nauke (Archaeology and
Science).
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Conflict of interest

Authors should disclose in their manuscript
any financial or other substantive conflict of inter-
est that might have influenced the presented re-
sults or their interpretation.

Fundamental errors in published works

When an author discovers a significant error or
inaccuracy in his/her own published work, it is the
author’s obligation to promptly notify the journal
Editor or publisher and cooperate with the Editor
to retract or correct the paper.

By submitting a manuscript the authors agree
to abide by the Arheologija i prirodne nauke (Ar-
chaeology and Science)’s Editorial Policies.

REVIEWERS’ RESPONSIBILITIES

Reviewers are required to provide written,
competent and unbiased feedback in a timely
manner on the scholarly merits and the scientific
value of the manuscript.

The reviewers assess manuscript for the com-
pliance with the profile of the journal, the rele-
vance of the investigated topic and applied meth-
ods, the originality and scientific relevance of
information presented in the manuscript, the pre-
sentation style and scholarly apparatus.

Reviewers should alert the Editor to any
well-founded suspicions or the knowledge of pos-
sible violations of ethical standards by the authors.
Reviewers should recognize relevant published
works that have not been cited by the authors
and alert the Editor to substantial similarities be-
tween a reviewed manuscript and any manuscript
published or under consideration for publication
elsewhere, in the event they are aware of such. Re-
viewers should also alert the Editor to a parallel
submission of the same paper to another journal,
in the event they are aware of such.

Reviewers must not have conflict of interest
with respect to the research, the authors and/or
the funding sources for the research. If such con-
flicts exist, the reviewers must report them to the
Editor without delay.

Any selected referee who feels unqualified to
review the research reported in a manuscript or
knows that its prompt review will be impossible
should notify the Editor without delay.

Reviews must be conducted objectively. Per-
sonal criticism of the author is inappropriate.
Reviewers should express their views clearly with
supporting arguments.

Any manuscripts received for review must
be treated as confidential documents. Reviewers
must not use unpublished materials disclosed in
submitted manuscripts without the express writ-
ten consent of the authors. The information and
ideas presented in submitted manuscripts shall be
kept confidential and must not be used for per-
sonal gain.

PEER REVIEW

The submitted manuscripts are subject to a
peer review process. The purpose of peer review
is to assists the Editorial Board in making editorial
decisions and through the editorial communica-
tions with the author it may also assist the author
in improving the paper.

To every paper submitted to editorial board of
Arheologija i prirodne nauke (Archaeology and
Science) two reviewers are assigned. Reviewers
could be members of the Editorial Board, asso-
ciates of the Institute of Archaeology or eternal
associates, with the same or higher scientific de-
gree as the author(s), competent in the field of
the manuscript’s topic. The suggestions on who
the reviewers should be are made by the Editorial
Board, and adopted by the Editor-in-Chief.

All papers are reviewed by using the dou-
ble-blind peer review system: the identity of the au-
thor is not known to the reviewers and vice versa.

Reviewers shall send their reviews within the
period of 30 days after the receipt of the manu-
script. Reviewers are not paid for this work.

If a reviewer requires a revision of a manu-
script, authors shall send a revised version with
changes made in accordance with the reviewer’s
suggestions within the period of 30 days. In case
they consider the revision request unfounded,
the authors should send their arguments explain-
ing why they did not make the required revision.
The same timeframe applies to revisions of manu-
scripts that are not written in accordance with the
author guidelines.

The decision of acceptance of the paper is made
by the Editorial Board of Arheologija i prirodne
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nauke (Archaeology and Science) by majority
vote based on the peer reviews and the evaluation
of the authors’ revision or their arguments, if they
did not make changes to the manuscript.

After the final decision on the content of a vol-
ume is made, manuscripts are sent for editing and
proofreading, and then to a graphic designer, who
is responsible for computer layout, design and pre-
press. Before printing, the authors will have the op-
portunity to proofread their paper twice in the PDF
format. The final approval for printing is given by
the Editor-in-Chief. The whole volume should be
send to the printing press by 30 November.

The reviewers selected by the Editorial Board,
receive a peer review form with questions that they
should answer. The purpose of the questions is to
indicate all aspects that they should consider in or-
der to make a decision on the destiny of a paper. In
the final part of the form, reviewers are supposed to
write their opinion and suggestions how to improve
the paper. The identity of reviewers is unknown to
authors, before, during and after the review pro-
cedure. The identity of authors is unknown to re-
viewers before, during and after the review proce-
dure (until the paper is published). It is suggested
to authors to avoid formulations that could reveal
their identity. The Editorial Board shall ensure that
before sending a paper to a reviewer, all personal
details of the author (name, affiliation, etc.) will be
deleted and that all measures will be undertaken in
order to keep the author’s identity unknown to the
reviewer during the review procedure.

The choice of reviewers is at the Editorial
Board’s discretion. The reviewers must be knowl-
edgeable about the subject area of the manuscript;
and they should not have recent joint publications
with any of the authors.

All of the reviewers of a paper act independent-
ly and they are not aware of each other’ identities.
If the decisions of the two reviewers are not the
same (accept/reject), the Editor may assign addi-
tional reviewers.

During the review process Editor may re-
quire authors to provide additional information
(including raw data) if they are necessary for the
evaluation of the scholarly merit of the manu-
script. These materials shall be kept confidential
and must not be used for personal gain.

The Editorial team shall ensure reasonable
quality control for the reviews. With respect to

reviewers whose reviews are convincingly ques-
tioned by authors, special attention will be paid
to ensure that the reviews are objective and high
in academic standard. When there is any doubt
with regard to the objectivity of the reviews or
quality of the review, additional reviewers will be
assigned.

Procedures for dealing with unethical be-
haviour

Anyone may inform the editors and/or Edi-
torial Staff at any time of suspected unethical be-
haviour or any type of misconduct by giving the
necessary information/evidence to start an inves-
tigation.

Investigation

Editor-in-Chief will consult with the Editorial
Board on decisions regarding the initiation of an
investigation.

During an investigation, any evidence should
be treated as strictly confidential and only made
available to those strictly involved in investigating.

The accused will always be given the chance to
respond to any charges made against them.

If it is judged at the end of the investigation
that misconduct has occurred, then it will be clas-
sified as either minor or serious.

Minor misconduct

Minor misconduct will be dealt directly with
those involved without involving any other par-
ties, e.g.:

Communicating to authors/reviewers when-
ever a minor issue involving misunderstanding
or misapplication of academic standards has oc-
curred.

A warning letter to an author or reviewer re-
garding fairly minor misconduct.

Major misconduct

The Editor-in-Chief, in consultation with the
Editorial Board, and, when appropriate, further
consultation with a small group of experts should
make any decision regarding the course of action
to be taken using the evidence available. The pos-
sible outcomes are as follows (these can be used
separately or jointly):
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Publication of a formal announcement or edi-
torial describing the misconduct.

Informing the author’s (or reviewer’s) head of
department or employer of any misconduct by
means of a formal letter.

The formal, announced retraction of publica-
tions from the journal in accordance with the Re-
traction Policy (see below).

A ban on submissions from an individual for a
defined period.

Referring a case to a professional organization
or legal authority for further investigation and ac-
tion.

When dealing with unethical behaviour, the
Editorial Staft will rely on the guidelines and rec-
ommendations provided by the Committee on
Publication Ethics (COPE): http://publicationeth-
ics.org/resources/.

Retraction Policy

Legal limitations of the publisher, copyright
holder or author(s), infringements of professional
ethical codes, such as multiple submissions, bogus
claims of authorship, plagiarism, fraudulent use of
data or any major misconduct require retraction
of an article. Occasionally a retraction can be used
to correct errors in submission or publication. The
main reason for withdrawal or retraction is to cor-
rect the mistake while preserving the integrity of
science; it is not to punish the author.

Standards for dealing with retractions have
been developed by a number of library and schol-
arly bodies, and this practice has been adopted for
article retraction by Arheologija i prirodne nauke
(Archaeology and Science): in the electronic ver-
sion of the retraction note, a link is made to the
original article. In the electronic version of the
original article, a link is made to the retraction
note where it is clearly stated that the article has
been retracted. The original article is retained un-
changed, save for a watermark on the PDF indicat-
ing on each page that it is “retracted.”

OPEN ACCESS POLICY

Arheologija i prirodne nauke (Archaeology
and Science) is an Open Access Journal. All ar-
ticles can be downloaded free of charge and used

in accordance with the licence Creative Commons
— Attribution-NonCommercial-NoDerivs 3.0
Serbia (https://creativecommons.org/licenses/by-
nc-nd/3.0/rs/.

The submission, review and publishing proce-
dures are free of charge.

SELF-ARCHIVING POLICY

The journal Arheologija i prirodne nauke (Ar-
chaeology and Science) allows authors to deposit
the accepted, reviewed version of the manuscript,
as well as final, published PDF version of the paper
in an institutional repository and non-commercial
subject-based repositories, or to publish it on Au-
thor’s personal website (including social network-
ing sites, such as ResearchGate, Academia.edu,
etc.) and/or departmental website, and in accord-
ance with the licence Attribution-NonCommer-
cial-NoDerivs 3.0 Serbia (http://creativecom-
mons.org/licenses/by-nc-nd/3.0/rs/), at any time
after publication. Full bibliographic information
(authors, article title, journal title, volume, issue,
pages) about the original publication must be pro-
vided and a link must be made to the article’s DOIL.

Copyright

Once the manuscript is accepted for publica-
tion, authors shall transfer the copyright to the
Publisher.

Authors grant to the Publisher the following
rights to the manuscript, including any supple-
mental material, and any parts, extracts or ele-
ments thereof:

the right to reproduce and distribute the Manu-
script in printed form, including print-on-demand;

the right to produce prepublications, reprints,
and special editions of the Manuscript;

the right to translate the Manuscript into other
languages;

the right to reproduce the Manuscript using
photomechanical or similar means including, but
not limited to photocopy, and the right to distrib-
ute these reproductions;

the right to reproduce and distribute the Man-
uscript electronically or optically on any and all
data carriers or storage media — especially in ma-
chine readable/digitalized form on data carriers

316



Archaeology and Science 18 (2022)

such as hard drive, CD-Rom, DVD, Blu-ray Disc
(BD), Mini-Disk, data tape — and the right to re-
produce and distribute the Article via these data
carriers;

the right to store the Manuscript in databases,
including online databases, and the right of trans-
mission of the Manuscript in all technical systems
and modes;

the right to make the Manuscript available to
the public or to closed user groups on individu-
al demand, for use on monitors or other readers
(including e-books), and in printable form for the
user, either via the internet, other online services,
or via internal or external networks.

DISCLAIMER

The views expressed in the published works do
not express the views of the Editors and Editorial
Staft. The authors take legal and moral responsibil-
ity for the ideas expressed in the articles. Publisher
shall have no liability in the event of issuance of
any claims for damages. The Publisher will not be
held legally responsible should there be any claims
for compensation.
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SUBMISSION INSTRUCTIONS FOR THE JOURNAL
ARHEOLOGTIJA I PRIRODNE NAUKE
(ARCHAEOLOGY AND SCIENCE)

Editorial staft of the periodical Arheologija i
prirodne nauke (Archaeology and Science) de-
cided to apply Akta o uredivanju naucnih casopisa
(Acta about editing scientific periodicals) proposed
by the Ministry of Science and technological de-
velopment of the Republic of Serbia. By applying
these acta, complete editing of scientific period-
icals is determined, quality of periodicals is pro-
moted and their integration into the international
system of exchanging academic information shall
become more complete.

The journal Arheologija i prirodne nauke (Ar-
chaeology and Science) is dedicated to topics in
the areas of: archaeology, architecture, history of
arts, anthropology, archaeozoology, archaeobota-
ny, geophysics, computer engineering and similar
scholarly disciplines.

The journal Arheologija i prirodne nauke (Ar-
chaeology and Science) publishes original papers
that have not been published previously: original
scientific articles, scientific reviews, excavation re-
ports, book reviews, critical reviews.

Articles can be submitted in English, German
or French. If the paper is written in English, sum-
mary can be in Serbian (for authors from Serbia)
or English (for international authors), while arti-
cles submitted in German or French need to have
a summary in English.

Papers submitted to the editorial staff of the
periodical Arheologija i prirodne nauke (Archae-
ology and Science) must be formed in a standard
way. Each paper submitted has to contain: title;
author’s name; name of the institution (affiliation);
abstract; key words; main text; resume; illustra-
tions with captions; bibliography; contact address.

1. Titles need to be short and clear, describ-
ing content in the best possible way. Words
used in titles should be apropriate for in-
dexing and web-searching. If there are no
such words withing titles, it is advised to
add a subtitle. Titles are to be written in
the fifth or sixth line, under the top mar-
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gin, bold and with font size 14 (pts).
Author(s) should give their full name(s),
including first name, surname and middle
initial.

Autor(s) need to state official names and
addresses of their employees, including
names and addresses of employees which
conducted research that lead to the results
published. With complex institutions,
complete title is to be named (ex.: Belgrade
University, Faculty of Philisophy, Archae-
ological Department, Belgrade).

Abstract, consisting of 100-250 words, de-
scribes shortly content of the paper. With-
in abstracts, it is advised to use terms con-
venient for indexing and web-searching.
Abstracts should offer data about aims,
methods, results and conclusions of the
research. Abstracts should be bilingual
(in Serbian, English or some other foreign
language). Abstracts in foreign languages
need to be adequatly lectured, i.e. posses
correct grammar and spelling.

Key words need to be terms which describe
paper’s content in a best way, suitable for
indexing and web-searching. They should
be named according to a widely accepted
international source (lists, indexes, dic-
tionary, thesaurus), like list of key-words
Web of Science. The number of key-words
should not exceed ten words.

The lenght of papers should not exceed 32
pages, DIN A4, including footnotes and il-
lustrations. The main text should be writ-
ten in Times New Roman or Arial (12 pts),
MS Office Word 97 or later, line-spacing
1,5 and with margins 2,54 cm. Main text
should not contain illustrations. They are
to be submitted as separate files.

Apart from Serbian, manuscripts can be
submitted in one of worldwide languag-
es (English, German, French). Names of
translators, if any, should be stated. Papers
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10.

11.

submitted should have an abstract and a
resume written in some other language. If
a paper is submitted in a language other
than Serbian, there should be an abstract
and a resume written in Serbian language.
Words, quotations and titles written in
some other language should be written in
their original form.

Footnotes can be incorporated within the
main text. They should contain less im-
portant data or apropriate explanations.
They are not to be replaced with quoted
literature. (An appendix to these Instruc-
tions explains the way of quoting to be ap-
plied).

The summary must have the same con-
tent as the abstract, only expanded, but
not longer than 1/10 of the paper’s over-
all size. It is strongly advised to write the
summary in a structural form. Papers sub-
mitted in English must have the summary
in Serbian (for Serbian authors) or English
(for foreign authors). Papers in German or
French must have the summary in English.
As well as the summary text, the title of the
paper, the key words and the author’s affil-
iation should be written in the appropriate
language.

Hlustrations (photographs, tables, draw-
ings, graphs etc.) should be submitted in
a proposed manner. Scanned illustrations
should be submitted in a 600 dpi resolu-
tion, while photographs are to be submit-
ted in a resolution of at least 300 dpi, in
formats TIFE, PSD or JPG. Illustrations
are to be submitted as separate files and
should not be incorporated into the main
text. Captions should be submitted bilin-
gually (using the language in which the
manuscript was written and in English or
some other of the proposed languages).
The bibliography should include bibli-
ographic sources (articles, monographs
etc.). Within the paper it should be quoted
with references in the footnotes and as a
list of literature/bibliography at the end of
the manuscript. The bibliography repre-
sents a part of every scientific paper, with
precisely quoted bibliographical referenc-
es. The list of used sources should follow
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a unique pattern, in a sequence based
on the quoting standards determined by
these instructions. The bibliography must
be presented in the language and alphabet
in which each source has been published.
In cases when the publication is published
bilingually, all data should also be written
bilingually. In cases where the summary is
written in another language, then the title
of the summary should be written in the
same language.

In the list of references: Popovi¢, 1. 2009

Gilt Fibula with Christogram from the Impe-
rial Palace in Sirmium (Pesume: ITosmahena
¢ubyna ca XpucTorpaMoM 13 LiapCKe Iajiare
y Cupmujymy) Starinar LVII (2007): 101-112.
Publications published in Cyrillic, Greek or
any other non Latin alphabet should be trans-
literated into the Latin alphabet in accordance
with the standards of The American Library
Association and The Library of Congress of the
United States (http://www.loc.gov/catdir/cpso/
roman.html), for example:

Quotation within a footnote: (ITomopuh 1988: 67)

In the list of references: Ilonmosuh, V. 1988
Anmuuxo opyhe 00 esoxcha y Cp6uju, beorpan:
Haponuu myse;j.

(Popovi¢, 1. 1988

Anticko orude od gvoZda u Srbiji, Beograd:
Narodni muzej).

12. Bibliography’s structural elements (author’s
name, title of work, source etc.) should be
written according to standard forms of
quoting. Editorial staff of the periodical
accepted the reccomendation of the Min-
istry of science and technological develop-
ment and decided that authors should pre-
cisely follow quotation rules named below.

The following examples describe the most fre-

quently quoted kinds of references:
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I BOOKS (MONOGRAPHS)

1. Author’s books

a. single author

within main text: (Popovi¢ 2006)

in bibliography:

Surname, name’s initial. Year of publishing
Title of book (italic), Place: Editor.

Popovi¢, 1. 2006

Roma aeterna inter Savum et Danubium,
Works of Roman Art from the Petrovi¢-Vasi¢ Col-
lection, Belgrade: Archaeological Institute.

- Series’ name and number is also needed:

Mirkovi¢, M. 1968

Rimski gradovi na Dunavu u Gornjoj Meziji,
Dissertationes 6, Beograd: Arheolosko drustvo
Jugoslavije.

Papazoglu, F1969

Srednjobalkanska plemena u predrimsko doba
(Tribali, Autarijati, Dardanci, Skordisci i Mezi),
Djela 30, Centar za balkanoloska ispitivanja 1,
Sarajevo: Akademija nauka i umjetnosti Bosne i
Hercegovine.

b. two or three authors

Between the names of the first and the second
author, or the second and the third author, “and”
should be written, no matter what the main lan-
guage of the publication.

within main text: (Popovi¢ i Bori¢-Breskovi¢
1994)

in bibliography:

Popovig, 1. i Bori¢-Breskovi¢ B. 1994

Ostava iz Bele Reke, Arheoloske monografije 7,
Beograd: Narodni muzej.

Ivanisevi¢, V., Kazanski, M. and Mastykova, A. 2006

Les necropoles de Viminacium a I'Epoque des
Grandes Migrations, Monographies 22, Paris: As-
sociation des Amis du Centre d'Histoire et Civili-
sation de Byzance.

c. four or more authors

Books written by four or more authors, within
the main text and in Serbian cyrillic, only the first
name is written and i dr. is added. Books printed
in Lati alphabet, the abbrevation et al. is applied.

The abbrevation efc. is used in cases when there
are more than three editors or places of editing.

2. Author’s books with added name of the editor

within main text: (Jeremi¢ 2009: 40)

in bibliography:

Jeremi¢, G. 2009

Saldum, Roman and Early Byzantine Fortifica-
tion, S. Peri¢ (ed.), Cahiers des Portes de Fer, Mo-
nographies 6, Belgrade: Institute of Archaeology.

3. Edited books (instead of the author - edi-
tor, translator) - (ed., eds.), (trans.).

within main text: (ITomosuh 1994)

in bibliography:

[Tonosuh, U. (yp.) 1994

Anmuuxo cpebpo y Cpouju, beorpan: Hapoguu
MY3€j.

within main text: (Morris 2002)

in bibliography:

Morris, 1. (ed.) 2002

Classical Greece-Ancient Histories and Modern Ar-
chaeologies, Cambridge: Cambridge University Press.

within main text: (Hurst and Owen 2005)

in bibliography:

Hurst, H. and Owen. S.(eds) 2005

Ancient Colonizations-Analogy, Similarity and
Difference, London: Duckworth.

within main text: (Pagojunh 1960)

in bibliography:

Papojuuh, H. (prev.) 1960

3axonux uapa Cmegana Hywana 1349. u
1354., beorpap: Cprcka akajeMmMmja Hayka M
YMETHOCTH.

4. Way of quoting books without author’s name

within main text: (Anon. 1985)

in bibliography:

Anon. 1985

Anonymi Peri strategias, The Anonymous Byz-
antine Treatise on Strategy, Three Byzantine Mil-
itary Treatise (trans. G.T. Dennis), Washington
DC.

5. Simultaneous quoting of several books of
the same author
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a. written in different alphabets

within main text: (IlomoBuh 2002, Popovié
2006)

in bibliography:

ITonosuh, M. 2002

Hakum ca Jyxopa, ocmasa unu cakpanHu
mesaypyc, Apxeonomke MoHorpaduje 14,
ITocebHa uspama 36, beorpan: Haponuu Mysej u
ApXeoIoIKy UHCTUTYT.

Popovig, 1. 2006

Roma Aeterna inter Savum et Danubium,
Works of Roman Art from the Petrovi¢-Vasi¢ Col-
lection, Belgrade: Archaeological Institute.

b. written in the same year

within main text: (Dawkins 1996a, Dawkins
1996b)

in bibliography:

Dawkins, R. 1996a

Climbing Mount Improbale, London: Viking.

Dawkins, R. 1996b

River out of Eden, London: Pfoenix.

6. Quoting chapters in books (acta)

within main text: (ITerposuh 1997: 87-90)

in bibliography:

ITerposuh, B. 1997

Haxnr, y: Aumuuxa 6pornsza Cumneudymnyma, C.
Kpynuh (yp.), beorpan: Mysej rpapna, 85-117.

within main text: (Samson 1970: 44-68)

in bibliography:

Samson, C. 1970

Problems of information studies in history, in:
Humanities information research, S. Stone, (ed.),
Sheffield: CRUS, 44-68.

7. Translated books

in bibliography:

Bajron, DZ. G. 2005 (1812)

Cajld Harold, Z. Paunovi¢ (predgovor), N.
Tucev (prevod), Beograd: Zavod za udZbenike i
nastavna sredstva.

8. Books and articles published in electronic
form

within main text: (Fishman 2005: 11)

in bibliography:

Fishman, R. 2005

The rise and fall of suburbia, [e-book], Chester:

Casle Press. Available through Anglia Ruskin Uni-
versity Library. http://libweb.anglia.ac.uk>[pristu-
pljeno 5 juna 2005].

IT PAPERS PUBLISHED IN
PERIODICALS, CONGRESS ACTA
AND SIMILAR

within main text: (Vasi¢ 2008: 69, fig.3)

in bibliography:

Surname, name’s initial. Year

Title, Title of the acta (italic), Name’s initial.
Surname, (ed.), Place of editing: Editor, page
numbers.

Vasié, M. 2006. Stibadium in Romuliana and
Mediana. Felix Romvliana 50 years of archaeolog-
ical excavations. M. Vasi¢ (ed.). October, 27-29
2003, Zajecar, Serbia. Belgrade: Institut of Arh-
caeology, Committee on Archaeology of Serbian
Academy of Sciences and Arts, and Zajecar: Na-
tional Museum, 69-75.

Series’ data are also needed:

[Terposuh, II. 1997

Pumbann Ha TuMOKYy, y: Apxeonozuja ucmoure
Cpéuje (Hayunm ckyn Apxeonorymja MCTOYHe
Cp6uje, beorpan-Jowyu MwumanoBal, genembap
1995), M. Jlasuh (yp.), Llentap 3a apxeosnoika
ucrpaxmpama 18, Deorpam:  Dumosodcku
¢axynret, 115-131.

IIT PERIODICALS

within main text: (Bajamosuh-Xaym-ITemnh,
2001: 108)

Surname, Name’s initial. Year

Title, Name of the periodical (italic) number
of the periodical: page number.

bajanosuh-Xayu-ITennh, M. 2001

Haasu xabancke 1 mocTxabaHcke KepaMuke y
Cpbuju, Ioduwrax epada Beozpada 47-48 (2000-
2001): 107-121.

- For periodicals with similar titles, behind the
name of the periodical, place of publishing should
be stated in brackets:

Anbenkosnh, B. 1988

[IpaucTopmjcku  Hanmasu ca  JIOKajauUTeTa
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Jemnua-Ipanwna, 36opHux  padosa Hapoownoe
myseja (Hagak) 18: 81-85.

Aunbenkosnh, B. 1994

[IpBu pesyaTaTu aHanmse MyMuje U3
Hapopuor myseja y Beorpany, 36oprux Hapooroe
myseja (beorpan) 15-1: 153-159.

- Depending on the year of publishing
Cmapunap is named in its full title:

years 1884-1895 - Cmapunap Cpnckoz apxeo-
JI0UWKO02 0Py uimaea

years 1906-1914 [novog reda] - Cmapunap (H.p.)

years 1922-1942 [treca serija] - Cmapumap (1.c.)

years 1950-2010 [nova serija] - Crmapunap (H.c.)

- If there is a difference between the year of ac-
tual printing and the year of publishing, the sec-
ond is stated in brackets:

Kepasuma, 3., n Kepasuna, JI. 1979,
CpenmoBekoBHO Hace/be y IlomoBuum Kop
Herotnna, Cmapunap (u.c.) XXVII-XXIX,
(1977-1978): 201-211.

Paper in print / forthcoming

- (in print), within papers written in English
(in print)

- (forthcoming), within papers written in En-
glish (forthcoming).

within main text: (JoanoBuh, in print)

in bibliography:

JoBanosuh, A. (in print)

Bop u okonuHa y aHTMYKOM IIepuopny, y: bop u
OKONUHA Y NPAUCHOPUU, AHIMUUU U CDeOrbeM 8eKY,
yp. M. JTazuh, Bop u Beorpazn: Mysej pysapcTsa u
Metanypruje u Gunozopcku pakynrer.

Papers overtaken from the internet, from elec-
tronic periodicals, are quoted in the same way as
printed papers, only there is a full web-address
written at the end with http://...

V Doctoral and master theses

Instead of place of editing and editor, the full
name of faculty/university is given, where the the-
sis was conducted.

within main text: (Ili¢, 2005)

in bibliography:

Ili¢, O. 2005

Ranohriséanski pokretni nalazi na podrucju di-
jeceze Dakije od IV do pocetka VII veka, Magis-

tarska teza, Filozofski fakultet, Univerzitet u Beo-
gradu.

within main text: (Patch, 1991)

in bibliography:

Patch, D. C. 1991

The Origin and Early Development of Urbanism
in Ancient Egypt: A regional Study, Ph.D thesis,
University of Pennsylvania.

VI Articles from newspapers

within main text: (Kamanus, 1929)

in bibliography:

Kamanmu, M. 1929, Mysej
ymeTHOCTH, [lonumuxa, 23. jyn, 7-8.

caBpeMeHe

Main text

Quoting bibliography in the main text accord-
ing to the pattern (author’s surname and year:
page number, footnote, figure, table):

(Papazoglu 1969: 52, sl. 4/1, T. 18-4-6)

(Babovi¢ 1984: 68; Moritz 1978: 68, figs. 40-41;
Tasi¢ 1997: 84, sl. 21)

- Additional data within brackets can be writ-
ten after a dash:

(Swoboda-Milanovi¢ 1958: 55, Taf. 18/24 —
olovne plocice).

- The same work of the same author in the next
quotation can be quoted abbrevated ibidem (ibid.:
page number).

- The second work of the same author in the
next quoting, if there are no quotations in be-
tween, is quoted as (idem year: page number):
(Faltings 1998a: 367; idem 1998b: 31-32).

- In papers written in Serbian language, the
transcribed exact pronounciation of a foreign au-
thor’s name is written within the main text, with-
out brackets, but the original name is written in
quotation: ...Vencel (Wenzel 1965: T. HS/4).

- If the author, work and page number are the
same as in the previous quotation, they are quoted
as loc. cit. (lat. loco citato) - quoted place.

- Abbrevation f. (lat. confer) - compare

- Abbrevation e.g. (lat. exempli gratia) - for example

- Abbrevation i.e. (lat. id est) - actually.

12. All of the quoted referrences are listed after
alphabetic order, if written in English or some oth-
er foreign language, initial’s order withing author’s
surname or the initial letter within the quoted title
(if the author or editor are not stated).
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Submitting papers

13. While submitting, the author should write
his/her full contact address in a separate file: ad-
dress of the institution and e-mail address. If there
are several authors, only the contact address of the
first author should be written. Author is also ob-
ligated to name title and code of the project, i.e.
name of the programme under which the artice
came to being, as well as the name of the institu-
tion which financed the project.

14. Each of the submitted papers will be for-
warded to anonymous reviewers by the editorial
board. For further information concerning the
peer review process and the editorial board’s, re-
viewer’s and author’s obligations and duties, au-
thors can refer to the EDITORIAL POLICY of the
Arheologija i prirodne nauke (Archaeology and
Science) journal.

15. Manuscripts accepted for printing should
be submitted to the editorial secretary. Apart from
printed version, papers should be submitted in
electronic form, on a CD.

- Printed version should be written as follows:
1. title of work; 2. name, middle initial and surna-
me of the author; 3. author’s affiliation; 4. abstract;
5. key words; 6. text body; 7. resume; 8. biblio-
graphy; 9. illustrations; 10. captions; 11. author’s
address (address or e-mail address).

- Digital version should be divided into several
files: 1. Word file with the first six parts of paper (1.
title; 2. author’s name, middle initial and surname;
3. author’s affiliation; 4. abstract; 5. key words; 6.
text body); 2. Word file with resume; 3. Word file
with quoted bibliography; 4. Folder with graphic
illustrations; 5. Word file with captions (billingual,
Serbian and English or some other language); 6.
Word file with author's address.

Manuscripts shall be accepted only if they are
written and submitted according to the rules stated
above. Shold author not agree to the requests of the
editorial staff, does not accept remarks of the review-
ers or the proof-reader, paper shall not be printed.
It is not allowed to change papers after reviews have
been submitted, unless they are in accordance with
these remarks. Editorial staff holds the right to de-
mand illustrations of lesser quality to be replaced
with illustrations of better quality if necessarry.

For additional explanations, please contact
the secretary Oliveri Ili¢, PhD (address: Arheolo-
$ki institut, Kneza Mihaila 35/IV 11000 Beograd,;
phone: 381 (0)11 2637 191 or send an e-mail to:
o.ilic@ai.sanu.ac.rs.

olivera.arh011@gmail.com

Editorial staff of
ARHEOLOGIJA I PRIRODNE NAUKE
(ARCHAEOLOGY AND SCIENCE)
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