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Abstract. — The Eneolithic copper mine at Mali Sturac was discovered in 1980 and subsequently investigated to a smaller extent
from 1981 to 1987. In 2010 the investigations at Prljusa were reactivated with the aim of defining how much and how long the
mine had been exploited during prehistory. Pilot geophysical studies were followed by more extensive explorations in 2011. They
focused on a zone related to Shafts 4 and 6, discovered in 1987. The geophysical explorations have comprised the methods of self-
potential — SP, electrical scanning — ES and seismic profiling with one geophone — SGRP. The explorations covered a surface of
400 m? including five sections, each 50 m long, with 2 m intervals between them. These investigations identified underground
channels in Shaft 4 and Shaft 6. Three meters below Shaft 4, a large underground gallery was found and in the continuation of the
entrance of Shaft 6, a 10 m long horizontal channel was detected. Northwards from Shaft 4 and Shaft 6, at a distance of 6-8 m, at
least six mining shafts were detected. However, they are not visible on the surface because their entrances are filled with loose
material. The investigations carried out in 2011 proved that geophysical investigations are an efficient method for studying old
mining works and, therefore, it has been decided to continue with this type of exploration.
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he name Mali Sturac! has long been known in

archaeology as an Eneolithic copper mine. The

mine was discovered in 1980 during recon-
naissance works on Mt. Rudnik in the preparation for
a new project.” The first archaeological investigations
were done in 1981 when potential entrances into two
shafts (Shafts 1 and 2) were discovered. The explo-
rations continued in1987 when four additional shafts
were found (Shafts 3, 4, 5 and 6) but further excava-
tions of the already detected shafts have never been
done. Shafts 5 and 6 have been extensively studied and
their approaching platforms, with visible mining adits,

I The Eneolithic mine is located at the Prljusa site, which is
situated at the top of Mali Sturac. However, the site appeared in lite-
rature with this second name and it is better known according to it.

2 In 1980 the project entitled “Project of investigations of old
mining and metallurgy on Mt. Rudnik” started. It finished in 1989
and it was completed in cooperation with the Archaeological Insti-
tute of Belgrade, the National Museum of Cacak, the Institute for
Cultural Heritage Preservation of Kraljevo and the National Museum
of Kraljevo. The coordinator of the project was Dr. Borislav Jovano-
vi¢ from the Archaeological Institute. The project aimed at investi-
gating physical traces, indirect evidence and other cultural remnants
related to old mining and metallurgy in the area of Mt. Rudnik, from
Prehistory to the Medieval Age (Joanosuh 1988, 11, footnote. 2).

* The article is the result of the projects: Archaeology of Serbia: cultural identity, integration factors, technological processes and the role of
the Central Balkans in the development of European prehistory (no 177020) and Cultural changes and population movements in the early pre-
history of the Central Balkans (no 177023) financed by the Ministry of Education, Science and Technological Development of the Republic
of Serbia. The investigations at Prljusa have been done with the support of the Ministry of Culture, Media and Information Society of the
Republic of Serbia and the Municipality of Gornji Milanovac.
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Fig. 1. The earliest copper ore
mines and copper finds in Serbia:
1) Prljusa; 2) Vinca;

3) Belovode; 4) Rudna Glava;

5) Jarmovac, 6) Plocnik

Ca. 1. Hajcmapuju pygrhuuu 6akpa
u Haaasu og bakpa y Cpouju:

1) llpawywa; 2. Bunua;

3) Beaosoge; 4) Pygna 'aasa;

5) Japmosau, 6) Ilaounux

indicate that a few ore veins might have been exposed
at this place. Poor archaeological material collected
during the excavations comprised numerous mining
hammers, broken mining tools originally made of deer
horns as well as small fragments of Late Eneolithic or
Early Bronze age ceramics.? Two years later, in 1989,
geodetic surveys were carried out on the part of the
slope where shafts had been detected and these were
the last investigations carried out in this area. However,
during the last decades significant advancements were
made in the study of the beginning of metallurgy in the
territory of Serbia. The earliest occurrences of copper
were dated to the period of the end of the early phase of
the Vinca Culture (the transition from Vin¢a—Turdas II
to Gradac Phase), i.e. 5000 years BC.#Intensive metal-
lurgic activity was recorded at a few sites in Serbia (Belo-
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vode, Plo¢nik and Vin¢a),? and it raised the question as
to where the copper ore, which was melted and produced
the first metal in this area, came from (Fig. 1). Until now
there was only one unequivocally documented mine
from the period of the Vinca Culture — Rudna Glava in
eastern Serbia, while the locality of Jarmovac near Priboj
is considered to have been exploited during the late Vin-
¢a Culture, mainly based on the fact that, in the neighbo-
urhood, a settlement of the same period exists.® Taking

3 Joanosuh 1988, 8; Borocasmesuh 1988, 21, 31.

4 Radivojevic et al. 2010, 2778.

5 Antonovi¢ 2002; Radivojevi¢ 2007; Sljivar et al. 2006.
6 Josanosuh 1982; Derikonjic et al. 2011.
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Fig. 2. The locality of Prljusa:
" 1) modern shaft from 20™ century;
2) geophysical profiles 1-5

(0 m is on the west end,

50 m on the east end);

3) ancient mining works detected in 2011;
4) Shaft 4, discovered in 1987;
5) Shaft 5 discovered in 1987;
6) Shaft 6 discovered in 1987

Ca. 2. Jloxaaummeit Hpvywa:

1) noso pygapcko okno u3 20. éexka;

2) teogpusuuxu upopuau 1-5

(0 m je na 3aniagnom, 50 m Ha UCTOUHOM KpaAjy);
3) cwiapu pygapcku pagosu geieximosanu 2011. iogune;
4) Oxno 4 omikpuseno 1987. iogune;

5) Okno 5 omikpuseno 1987. togune;

0 50 m $82,00m 6) Oxno 6 ommikpuseno 1987. iogune

into account the evidence of intensive metallurgic acti-  ing in altitude from 882 m to 994.41 m. The slope is
vity, there is no doubt that at that time, as well as later ~ very steep with an average dipping angle ranging from
on, there were several active mines in the territory of ~ 28° to 31°, reaching as much as 37° in the lower part
Serbia and that one of them was Mali Sturac. Untilnow,  (Fig. 2). The investigations undertaken in 2011 re-
however, there has been a lack of material evidence  vealed the presence of 13 complexes of older mining
regarding the exploration at Prljusa during the Vinca  works in the area above the line connecting Shafts 4, 5
culture. Due to this fact, and because of the size of the  and 6 (discovered in 1987). The field relationships
locality and the volume of ore reserves of Mali Sturac,  suggest that this number is likely to be exceeded in the
there was a growing need for a more intensive investi-  future. Considering the shape of the mining works (irre-
gation of this site. This was the major reason for re-  gular form of adits) and the huge number of mining
newing investigations at Prljusa in 2010.” These studies,
principally focused on geophysical methods, are hoped
to define the extent at which the Prljusa site was explo-
ited during prehistory.

7 The project of the Archaeological Institute entitled “Pro-
spection of Mali Sturac: an investigation of prehistoric mining” is
performed in cooperation with the Museum of Rudnik-Takovo
region in Gornji Milanovac. Additional co-operators in the project
ABOUT THE LOCALITY are Ana Cicovi¢, archaeologist-custodian from the aforementioned
museum and Momir Vukadinovi¢, geophysicist from the Institute for
the Development of Water Resources “Jaroslav Cerni”, Belgrade.

The locality of Prljuéa is situated on the south- The coordinator of the project is Dr. Dragana Antonovi¢ from the
western slopes of Mali Sturac. It is not a typical gossan ~ Archaeological Institute of Belgrade.
deposit appearing as an almost ellipsoidal surface with- 8 The word Prljusa means burned soil. Gossan originated from

out vegetationg, elongate d from the southwest to the the decay f)t sulpl'nde r.n.merallsatlon of iron rr.nnerals (pyrite) and
the formation of limonitic products due to the influence of oxygen

northeast. The locality covers a surface of 2.5 ha. It is and electrochemical processes. Due to these processes, the soil is
234 mlong (SW-NE) and 138 m wide (SE-NW), rang- sterile and without plant cover.

97



ANTONOVIC, VUKADINOVIC, Eneolithic mine Prljusa — Mali Sturac (95-106)

hammers with grooves which were found on the surface
along the slope, it can be supposed that these were
Eneolithic and Bronze Age shafts.

The Mt. Rudnik area is characterised by a complex
geological framework.? It consists of sedimentary,
igneous and contact-metamorphic rocks. The most
abundant sedimentary rocks are Cretaceous flysches.
The origin of igneous rocks is explained by volcanic
activity in the Mt. Rudnik area during the Oligocene
and Miocene. Dacite-andesites were formed in the
Oligocene, while the majority of volcanic rocks are re-
presented by quartzlatites which erupted in the Miocene
as huge irregular masses and tiny dikes and sills, wide-
spread in the “Rudnik” ore district. Contact-metamor-
phic rocks are represented by weakly metamorphosed,
marl-clayey sediments, sandstones and conglomerates,
as well as by products of higher grade metamorphic
rocks, such as hornfels and skarn. Intrusions of dacite-
andesites and quartzlatites were mainly controlled by
NE-SW fault systems.

The “Rudnik” lead-zinc ore deposit is polymetallic
in character and consists of a few tens of ore bodies.
The geological framework of the deposit is composed
of several rock complexes, different in genesis, age and
composition. Four main groups can be distinguished:
1. Cretaceous sedimentary complex (sandstone, breccia,
conglomerate, marl and limestone), 2. Tertiary igneous
rocks (dacite-andesite, quartzlatite and rare granitoid
rocks), 3. Contact-metamorphic complex (hornfels,
epidosite, marble, garnetite, skarn, etc.); these are
important because they host the mineralisation, and 4.
Hydrothermal breccia complex; these rocks are signif-
icant because they originated simultaneously to the
mineralisation.

GEOPHYSICAL INVESTIGATIONS

Field geophysical investigations at Prljusa were
conducted in order to detect the spatial distribution of
subsurface mining galleries which, presumably, exist
in this area as well as to plan future excavations. It was,
therefore, decided to first investigate the space above
Shafts 6 and 4 (discovered in 1987) (Fig. 2). Pottery
shards that were found at the access platform of Shaft
6 defined the shaft chronologically as belonging to the
Late Eneolithic or Early Bronze age. The fact that the
entrance to the mining channel was discovered is the
reason to believe it is a real mining shaft. The entrance
was discovered in 1987.
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Geophysical explorations were done using the
methods of self-potential — SP, electrical scanning —
ES and seismic profiling with one geophone — SGRP.

The measurements were carried out along the terrain
surface delineated by five, 50 m long, parallel sections
at 2 m intervals. The measured points at the sections
were located at every 2 m, and the sections were oriented
approximately east-west, according to archaeological
and geological facts.

Self-potential measurements were taken along the
same sections. Vertical, two-dimensional (2D) terrain
sections were defined by electrical scanning on the
basis of specific electrical resistivity. These measure-
ments, along with the measurements taken by seismic
profiling were taken along sections 1, 4 and 5.

Self-potential method

The self-potential method (SP) is based on the
investigation of natural electrical currents which spon-
taneously appear in material below the terrain surface.
The most frequent occurrences of self-potential are
connected with the movement (i.e. filtration) of ground
water through rock masses. The most intensive appear-
ances of self potential are those related to the presence
of metallic ore deposits, where the self potential is ge-
nerated as the consequence of electrochemical proces-
ses occurring in response to interactions between ore
bodies and ground water.'°

Due to the simplicity and efficacy in performing
the SP method in the field, and because of the speed
with which qualitative data can be obtained, this geo-
physical method was selected for detecting ore occur-
rences and the prehistoric mining works ,chambers
and shafts, from which the ore was extracted.

The efficacy of this method was practically exam-
ined at the Prljusa site in 2010. On that occasion, two,
51 m long, sections were allocated — one immediately
below and another above Shafts 6 and 4 from 1987.11

After having obtained satisfactory results by the SP
method, it was decided to apply the same method of in-
vestigation to the majority of the area above the two shafts.

9 All information about the geological framework of the Mt.
Rudnik area presented in the paper has been obtained by the cour-
tesy of the Geological Service at “AD Rudnik i flotacija ‘Rudnik’”
in Rudnik. The authors are very grateful to geologists of the Service
for their very kind cooperation.

10" yukadinovié¢ 2011, 79.

11" Auronosuh, Bykanunosuh 2011.
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Fig. 3. Self-potential map: 1) with position of adits in Shafts 4 and 6 discovered in 1987;
11) with position of the zones of anomalies which represent ore deposit or prehistoric mining works

Ca. 3. Kaptia cotictigenot uottienyujaaa: 1) ca osnavenum yaasuma y Oxno 4 u Oxno 6 usz 1987. iogune;
1]) ca o3naueHum AHOMAAUJCKUM 30HAMA KOje TPegcTiias.bajy opygrere OgHOCHO ToTleHyujaaHe ciiiape pygapcke pagose

The SP measurements were conducted at all 5 sec-
tions; the measured points were placed at 2 m intervals
throughout a regular network of 50 x 8 m.'? The
obtained data were used for constructing a map of
potential isolines in the interval range of -30 to 45 mV
(Fig. 3).

In accordance with the physical laws and explana-
tions of the origin of self-potential in ore-bearing areas,
anomaly zones were delineated on the map. These
anomalies are controlled by negative values which in-
dicate the presence of mineralisation, e.g. the presence
of copper ore bodies. The defined anomaly zones have
a value of -10 to -30 mV (Fig. 3, from orange to red
colour in the legend).

The zones of anomalies defined by positive self-
potential values represent the zones of compact, inten-
sively silicified rock masses in which there is no mine-
ralisation. A strong silicification is also inferred by the
presence of abundant quartz aggregates on the surface.

During the measuring of the self-potential at Prljusa
it was observed that if, in the zone of mineralisation or
ore deposit, a prehistoric pit was opened, there were
pre-conditions for the subsequent filling of the shaft with
atmospheric water. This gave rise to electrochemical
processes which generated self-potential. Furthermore,
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if the shaft was not opened, the mineralisation remained
hermetically captured in compact and water-imper-
meable, highly silicified rocks. In such a scenario,
atmospheric water cannot enter and self-potential can-
not be generated. On the basis of this explanation, it
could be concluded that the detection of self-potential
anomalies at Prljusa is most probably related to the
presence of prehistoric pits.

Electrical scanning measurements

Electrical scanning by direct current (Direct
Current Resistivity Imaging) is a commonly used tech-
nique in archaeology. It is aimed at getting 2D (two-
dimensional) terrain models in the form of a vertical
section according to a specific electrical resistivity
parameter.!> The scanning represents a method of
investigating a certain area at several depth levels
below the surface in order to detect subsurface struc-
tures (cultural remnants) and to determine their spatial

12 In the field, self-potential was measured by milivoltmetre
Voltcraft type M-3630B. The nonpolarised electrodes are of
Canadian production (Scintrex Company).

13 Vukadinovic 2011, 55.



ANTONOVIC, VUKADINOVIC, Eneolithic mine Prljusa — Mali Sturac (95-106)

position. Moreover, it is possible to use different types
of electrodes, depending on the aims of the investiga-
tion and the desired outcome.

At the Prljusa site, the electrical scanning method
was chosen with the goal of creating spatial 2D detec-
tions of ore occurrences and mineralisations, i.e. pre-
historic mining works, such as mining chambers or adits
from where the ore was extracted.

After having analysed the results obtained by the
self-potential method, we concluded that the electrical
scanning should be done along sections 1, 4 and 5 be-
cause it is along these sections that the most significant
anomaly zones, indicating the presence of mineralisa-
tion extracted from prehistoric shafts, were identified.

Along the above mentioned sections, the electrical
scanning measurements were conducted at intervals of
1 m. The protocol pole-pole was used'?, and a penetration
of around 10 m was achieved. The data obtained by the
measurements were processed using inversion proce-
dures and in this way 2D electrical models were pro-
duced (Fig. 4).

On these 2D electrical models, different geological
units are detected in the range between 170 and 18 000
Ohmm. The lowest values of electrical resistivity cor-
respond to copper ore (malachite), while high resistiv-
ity values indicate the presence of crystalline and sili-
cified rocks with abundant aggregates of quartz
crystals.

Based on the obtained 2D models it is observed
that copper mineralisation (malachite) is distributed in
the form of irregular steep, vertical channels. The cop-
per mineralisation has an electrical resistivity from
170 to 300 Ohmm (Fig. 4, dark blue and blue colour in
legend). These channels were created by the deposi-
tion of mineralisation during the post-magmatic
hydrothermal phase. The circulating hydrothermal flu-
ids leached copper and accompanying elements and
precipitated them along the channels, forming charac-
teristic north-northwest-south-southeast stretching ore
veins.

In section 1 (Fig. 4), two large zones with anomalies
were distinguished. The first zone is close to the terrain
surface and stretches between the 12 and 19™ metre
of the section. It further reaches depths of around 10 m
where it continues from the 18" to 34™ metre along
section 1. The aforementioned zone is most probably in
functional connection with Shaft 4 which has a 2-3 m
long, vertical entrance. The second anomaly zone is
isolated in the right-hand side of the 2D electrical sec-
tion, between the 38™ and 48 metre along the section.
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This zone is detected at depths of around 5 m and it is
most probably in functional connection with Shaft 6.
This shaft continues horizontally towards the east, i.e.
towards the central part of the mineralisation zone.

Given that there are no known shafts for correla-
tion with the results of the electrical scanning, we have
only reported the position of three anomaly zones that
have the lowest electrical resistivity in section 4 (Fig. 4).
These anomaly zones could indicate that buried shafts,
not visible from the terrain surface, also exist. The first
zone was detected at depths of around 4 m and between
the 4™ and 15" metre along the section. The second
zone was detected at similar depths from the 271 to
29th metre along the section. The third zone was found
at depths of 4-5 m and from the 34 to 43'd metre along
the section.

Neither of the section 5 prehistoric shafts, whose
position can be used for correlation with the results of
electrical scanning, are present (Fig. 4). In this section
three anomaly zones with low electrical resistivity are
detected, suggesting that some shafts may be present.
The first anomaly zone is located from the 16 to 18t
metre along the section and runs vertically more than
10 m in depth. The second anomaly zone is situated from
the 251 to 27™ metre, reaching depths of around 3 m.
The third anomaly zone is almost vertical and stretches
from the 37 to 42" metre and is as deep as 10 m.

Seismic profiling

The SGRP method (Single Geophone Refraction
Profiling) represents a procedure of seismic terrain map-
ping with one or two geophones. It relies on methodo-
logical approaches used for carrying out refraction or
reflective seismic methods. The SGRP method enables
the detection of the lateral influences of geological ma-
terials and distinguishing hollowed spaces as decom-
pression zones beneath the terrain surface. In addition,
it allows the detection of vertical and subvertical dis-
continuities between various geological materials cha-
racterised by differences in seismic wave velocities.!?

The application of the SGRP method at Prljusa was
aimed at distinguishing hard and silicified rock masses
from disintegrated zones and subsurface cavities from
which prehistoric miners had extracted the raw material,
malachite.

14 The device Geophysical Resistivity & Self Potential Meter
RPM-12 IP was used for the measurements.
15 Vukadinovi¢ 2011, 43.
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Fig. 4. 2D resistivity sections along the profiles 1, 4 and 5
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Fig. 5. Diagrams of seismic profiling along
the profiles 1, 4 and 5. Position of adits in Shafts 4
and 6 discovered in 1987 is marked on the profile 1

Ca. 5. dujaipamu ceusmuuxol upopuaucarna
o apouauma I, 4 u 5. Yaazuy Oxkna 4 u 6
u3 1987. iogune cy osnauenu na poguay 1

The SGRP method was conducted using a measu-
rement network composed of an excitation point, Tx
and two reception points, Rx1 and Rx2.1¢ It required
acquiring the variation of seismic waves coming
between the two reception points in order to easily
recognise the influences of lateral lithological changes
or the presence of underground empty spaces, i.e. pre-
historic mining shafts.

The above described seismic profiling was perfor-
med along sections 1, 4 and 5 in order to enable easier
correlation with the results obtained by the self-potential
and electrical scanning procedures.

In section 1 (Fig. 5) two anomaly zones with con-
siderably longer arrival times of seismic waves were
observed. The first zone (from the 18t to 34™ metre
along the section) with a maximum of almost 30 ms
(milliseconds) overlaps with the anomaly in electrical
resistivity, which was observed by the scanning method.
The second anomaly zone is characterised by shorter
arrival times, below 15 ms, and corresponds to the ano-
maly in the resistivity parameter, which was observed
from the 38 to 48" metre along section 1.

The SGRP measurements in section 4 (Fig. 5) de-
tected several anomaly zones characterised by longer
arrival times of seismic waves. They are essentially lo-
cated at the beginning and the end of the section. The
first anomaly established by this method is located
from the beginning to the 15 metre along section 4.
The second, smaller anomaly of longer arrival times of
seismic waves is detected around the 20! metre along
the section. It is most probably connected to the elec-
trical resistivity anomaly zone found occurring at depths
of around 8 m. The third and fourth anomaly indications
are situated between the 30" and 35" metre and between
the 45" and 50" metre along the section, respectively.
The identification of anomaly zones obtained by the
SGRP method on this section was difficult due to fre-

16 To measure the arrival time of seismic waves an Iskrascope
LCD type ODU0401 device was used. SN-3 geophones with a fre-
quency range of 10-14 Hz were used as geophones.
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quent lithological changes and vertical and/or steeply
dipping structures.

The same SGRP measurements were performed
along section 5 (Fig. 5). The estimated arrival times of
seismic waves revealed the presence of two anomaly
zones situated from the 15 to 20" metre and from the
30t to 40" metre along the section. These two anomaly
zones spatially overlap with the locations of the ano-
malies detected by electrical scanning.

CONCLUSION

The field measurements performed using the geo-
physical methods of self-potential, electrical scanning
and seismic profiling at the Prljusa site provided some
useful data and conclusions.

The self-potential method conducted along five
sections, each 50 m long, revealed the existence of
malachite mineralisation zones inferred from distinc-
tive negative values (Fig. 3). The acquired results sug-
gest that the observed anomalies are most probably the
result of the presence of subsurface prehistoric shafts.
These shafts were subsequently filled with atmospheric
water creating the necessary electrochemical conditions
for the formation of self-potential.

Electrical scanning performed on sections 1, 4 and
5 gave clearer definitions of the anomaly zones obtained
by the self-potential method. The results of these two
methods enabled the correlation and connection with
the opened prehistoric Shafts 4 and 6. This gave rise to
the detection of old mining operations in the whole
zone covered by geophysical investigations (Fig. 6).
Thus, the reconstruction of mining operations in the
zone of Shaft 6 was achieved. In section 1, from the 38t
metre to the end of the section and at depths of around
5 m, a mineralisation zone (malachite) was detected. The
altitude of this almost horizontal zone is 936 m and is
directed towards the east. The beginning of the minera-
lisation zone at the 38" metre overlaps with the entrance
of Shaft 6, which was discovered in 1987 at the eastern
end of the entrance platform. Hence, it could be expected
that the mining channel continues from the entrance
horizontally to the east for the next ten metres, and then
abruptly goes vertically down. Its termination point is
still not known because that part of the shaft was not
covered by geophysical investigations.

In section 1, from the 181 to 19t metre, there is
inferred mineralisation which has an almost vertical
position and is in direct connection with Shaft 4 (dis-
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covered during archaeological excavations in 1987).
The entrance of Shaft 4 is covered with loose material
and is not visible today. According to the geophysical
data, we expect that the shaft stretches vertically down
for around 3 m from the surface and then continues
further, forming a huge, almost horizontal, underground
gallery. In fact, it is possible that it is a larger gallery or
a crossroad of two vertical mining corridors which are
situated deeper than 10 m from the surface. In this case,
geophysical investigations reaching more than 10 m
would resolve a large anomaly detected in section 1
where it connects with Shaft 4 (discovered in 1987).

If we combine the results obtained from section 1
with those acquired during the archaeological investi-
gations in 1987, and apply them to the image provided
by our geophysical studies in sections 4 and 5, we may
conclude that there were at least six mining shafts
whose entrances were situated 6 m and 8 m northwards
from shafts 4 and 6, respectively. Some of these works
penetrated 4 m in depth (2D electrical section 4: 41 5t
metre, 27P-29" metre, 341434 metre, 2D electrical
section 5: 2527 metre, Fig. 4) while others had depths
greater than 10 m (2D electrical section 5: 161—18®
metre, 371427 metre; Fig. 4).

The SGRP seismic profiling confirmed, albeit not
so precisely, the most probable presence of mining shafts
at the locations where anomaly zones were distin-
guished according to the parameters of self-potential
and specific electrical resistivity.

Numerous pieces of evidence of mining operation
works testify to intensive mining activity at the Prljusa
site. The size of the entrances into some underground
galleries led previous researchers to suppose that these
shafts originated from periods younger than prehistory,
possibly even from the Medieval Age. However, the fact
that at Prljusa malachite was found — the carbonate
copper ore which had not been exploited since the Iron
Age. i.e. since the mastering of iron melting technology,
along with the large number of stone mining hammers
located on the surface from the top to the bottom of the
locality, especially in the zone below the shafts, addi-
tionally suggest that Prljusa was a large prehistoric mine.
The exploitation in the upper parts was carried out dur-
ing the late Eneolithic and early Bronze Age, and this is
confirmed by typical finds from Shaft 6. We presume
that in the lower parts of the slope, now covered by
thick layers of loose material, the exploitation could
have been even earlier.

Due to all these facts, we argue that geophysical
investigations should be continued along the whole
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Fig. 6. Correlation of self-potential measurements and 2D electrical scanning along the profile 1
with the prehistoric Shafts 4 and 6 discovered in 1987, on the right is a photo of the entrance to the mining channel
of the Shaft 6 when it was discovered

Ca. 6. Kopeaauuja pesyamaiia mepewa COUCmaeHol TOMeHUUjala U eaeKmpUu4Hol cCKeHupawa no apouay 1,
ca o3nauenum y Oxnuma 4 u 6 uz 1987. iogune; gecro je cauxa yaaszay OkHo 6 u3 8pemena kaga je omKpuser

slope. In the upper part, above the mining works dis-
covered during the 1980’s, geophysical investigations
should be conducted in the zone where the majority of
potential shafts were detected in 2011. Such investiga-
tions should also be carried out in the lower parts of the
slope as there is a reasonable possibility that old min-
ing works and archaeological objects are hidden below
the thick layers of loose material. According to the
acquired results and taking into consideration the fore-
seen activities, it is concluded that the application of
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self-potential (SP) and electrical scanning (ES) meth-
ods in using 2D and 3D variants would be most appro-
priate and most economic. The self-potential measure-
ments should cover almost the entire locality and only
at places revealing negative anomaly values, would
the presence of prehistory mining works be proved by
electrical scanning.

Translated by Kristina Sari¢
and Vladica Cvetkovic
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Pe3zunme:

HOPATAHA AHTOHOBWHR, Apxeousomiku MHCTUTYT, beorpan

MOMMUP BYKAIIMHOBUR, UnctutyT 3a Bonomnpuspeny ,.Japocnas Yepuu®, bBeorpan

EHEOJIMTCKU PYJHHK ITP/bYIIIA - MAJIN HITYPAIIL
APXEOJIOILIKA U TEOOHU3NYKA NCTPAKNBAIHA

Kuwyune peuu. — pynHuk 6akpa, reopusnyka UCTpaKMBamba, €HEeOJUT, apxeoMeTaypruja, Cpouja.

Mme Mauor IlITypria omaBHO je O3HATO y apXEOJIOTHj! Kao Ha-
31B €HEOJIMTCKOr pyIHUKa 6akpa. ITo BeroBor otkprha Jomio
je jour naBHe 1980. rommHE TOKOM PEKOTHOCIMpAaba TIaHUHE
PynHuK y OKBUpY jeIHOT HOBOT MPOjeKTa. APXEOoJIoIIKa CTpa-
JKUBama BpiueHa cy oz 1981. no 1989. ronune. Tana cy oTkpu-
BeHe yJa3He I1aTdopMe y IMIeCT MPaucTOPUjCKUX PyAapCKUX
okaHa. Jlajbe MCKOMaBame JEeTeKTOBAHNX OKaHa HHKana Hije
u3BpIIeH0. ManoOpojaH apXeoJsoKi MaTepujal MPUKYIJbeH
TOKOM HCKOMaBama cacTojao ce ox Beher 6poja pynapckux Oa-
TOBA, YJIOMaKa PyJapCKUX aJIaTKK Off jeJISHCKOT pora M MaJimx
(parmeHarta KepamMyKe U3 KAaCHOT €HEOJIMTa UJIM PaHOT OpOH3a-
Hor j106a. Kako je y mehyBpemeHy, TOKOM MPOTEKJIUX JELEeHU-
ja, yYMIeH 3HATaH MIOMAK Y MPOyYaBarby MoYeTaka MeTasypruje
Ha iy CpOuje, murame nopekya pyje 6akpa off Koje ce TOIMo

MIPBY METaJI HA OBOM TJTy MOCTAJIO je BpJIo akTyeJsHo. o caza je
Ha OBHIM IIPOCTOPUMA MOY3/IaHO JOKYMEHTOBAH CaMo jeflaH pya-
HUK U3 BpeMeHa BUHYaHCKe KyaType — PynHa [aBa y uctouHoj
Cpbuju. Hema cymme 1a je y To Bpeme, ajli U KacHUje, ¢ 003U-
POM Ha MHTEH3UBHY METAJIypIIKY aKTHBHOCT, OWJIO BHILIE aKTUB-
HUX pyJHuKa Ha Tepuropuju Cpouje u na je Masm HTtypan 6uo
jenaH oI BUX.

Jlokamuter [psbyma Hama3u ce HA jyrosamamHoj MaJUHU
Maumnor Hltypa. Ped je o He 6ai THIIMYHOM ,,FBO3IEHOM IIEIIH-
py* — noBpIIMHU 6€3 BereTaluje, CKOpo eJMICOUIHO U3y KEHO]
MpaBIIEM jyro3araa—CceBepoucToK. JIokaInTeT uMa MOBpPIINHY
oko 2,5 ha u npoctupe ce on 882 m y monHoXjy 10 994,41 m
HaJMOpCKe BUCHHE TIpM BpXy maauHe. Peu je o Beoma cTpMOj
najauHy ca Harubom ox 28° no 37°. Tokom uctpakuBama 2011.
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rOMHE Ha Jiesly aguHe U3HAM JIMHKje KOjy YnHe OkHa 4, 5 1 6,
oTkpuBeHa 1987. ronuHe, KOHCTaTOBAHO je 13 KoMIuieKkca cTapux
pynapckux pamosa. IIpema usrieny pynapckux panosa (yiasu
HEeNpaBUJIHOT 00JIMKA) U BEJIMKOM Opojy kaMeHMX OaToBa ca
7KJ1e00M, Ha KOje ce Haula3y Ha TOBPIIMHM JI0 CaMOTr BpXa Ma-
IVHE, TIPETIIOCTaBbaMO JIa j€ Ped O eHEOIUTCKUM U OPOH3aHO-
NOOHUM OKHUMA.

leodusnuka ucrpakuBamwa crnposefneHa 2011. rogune y
30nM, BenmunHe 400 m?2, usHan OkHa 4 1 OkHa 6 nana cy Heke
KOPHCHE TTOIaTKe U 3aKJbYUKe.

MeTo10M COIICTBEHOT MOTEHIMjaa, Iy K MeT npocuia mno-
jenuHauHe nyskuHe of 1o 50 m, JeTeKToBaHa Cy MecTa OJJHOCHO
30HE OpY[Hberma MajaXxuTa Ha OCHOBY M3Pa3sUTO HEraTUBHUX
BpenHoctH (ci. 3). Ilpema noOujeHUM pe3yJsITaTUMa MOJKE ce
3aKJbYYUTH []a C€ AHOMaJIMje HajBEpPOBATHU]jE CTBAPAjYy UCKJIbY-
YMBO y 30HY IIPANCTOPHjCKUX OKAHA KOja Cy TOKOM BpeMeHa 3a-
MykheHa 1 Y Koje je yIuia atMocdepcKka Bojia, Koja je CTBOpuIIa
HEOIXOJaH YCJIOB 32 €JIeKTPOXEMHUjCKO I'€HEePUCAE COTICTBE-
HOT' IOTEHIIMjaJa.

T'eoenekTpuyHO CKEHUpPame U3BEIEHO Ha rpodummma 1,4 u
5 jacHuje je nepuHKUCAI0 AHOMAJIM]CKE 30HE TOOUjeHe METOIOM
coricTBeHor noteHnujana (ci. 4). Ha ocHOBy mobujeHux pesyJi-
TaTa momMohy oBe /IBe MeTOzie caunmeHa je MehycoOHa Kopea-
LIMja ¥ Be3a ca OTKPUBEHUM MPANCTOPUjCKUM OKHUMA 4 1 6 (CJ1.
6), a mpeMa TOMe U JeTeKTOBabe CTAPUX PYyAAPCKUX panoBa y
LieJ10j 30HM 00yxBaheHOj reo(pu3nUKUM UCTpaskUBabUMa. Tako
j€ U3BpINIeHA PEKOHCTPYKITHja pynapckux panosa y 30au OkHa 6.
Ha npoduiy 1, mo cranmonaxu o 38. MeTpa 1o Kpaja npodu-
J1a, ca {yOMHOM 3aJierama Off OKO 5 m, IETEKTOBaHA 30Ha OPY/IHe-
Ba (MaJaxXuT) MPOCTUPE Ce Ka MCTOKY, HAJa3u ce MPUOIMKHO
Ha KOTH 936 m 1 uMa CKOPO XOPU3OHTAJIHU NouoXkKaj. [Touetak
30HE Opy/Ibea Ha 38. MeTpy nokJiana ce ca yJja3om y OkHo 0,
koju je 1987. romvHe OTKpPMBEH Ha WCTOYHOM Kpajy yJiasHe
riaTdopme. 3aTo ce MOke OUEKHBATH a Ce Off yJIa3a pyaapcKu
KaHaJl XOPM30HTAIHO HACTaBJba Ka CTOKY HaPEIHUX JeCeT Me-
Tapa, a 1a ce 3aTUM HaIJIo BEPTUKAJIHO crywuTa y nyouny. Kpaj
My 3a cajia HUje JeTeKTOBaH, MOIITO Taj Ie0 XOIHUKa Huje 00Y-
xBaheH reo(u3snUKUM CHUMAabEM.

Ha nmpocpuuty 1, Ha craumonaxu of 18. no 19. meTpa netek-
TOBAHO je MPUCYCTBO OPYIHEHa KOje UMa CKOPO BEPTUKAHU
MIPOCTOPHU TMOJIOXKA] U y HETOCPEnHOj je Be3u ca OKHOM 4 OTKpH-
BEHUM apXEOJIOIIKUM HcKonaBameM 1987. ronune. Yina3 y OkHo
4 3acyT je cunapoM U laHac ce Buie He Buau. [Ipema pesysrratu-
Ma reo(pU3IIKOT CIMTHBAa OUEKYjeMO J1a C& OKHO BEPTUKAIIHO
CITyIITa OKO TPY METpa Off MOBPIIMHE TJIa, a Ia 3aTUM TIpesasu y
CKOPO XOPU3OHTAJIHY POCTPaHy MOA3eMHyY rajiepujy. 3amnpaso,
Mmoryhe je na je ped unu o Behoj ranepuju uim o yKpiTamy aBa
BEPTUKAJHA XOIHMKA Koja ce crymrajy nyosse on 10 m ucrnon
TOBPIINHE TJa. [e0(pU3NYKO UCIUTHBAe ca JTYOWHCKUM 3a-
xBatoM Behum ont 10 m nasio 6u 'y 0BOM cJiydajy pa3peiiete Be-
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JIMKe aHOMaJiije KOHCTaToBaHe Ha npoduiy | y nesy kKoju ce
nioBesyje ca Oxaom 4 u3 1987. ronune.

AKO ce pe3yJITaTi Koju cy nobujeHu 3a mpoduit 1 u \Buxo-
Ba KOpeJamuja ca pe3ylTaTiMa apXeosolKUX UCTINTHBAbA U3
1987. ronuHe npUMeHe Ha CJMKY NOOUjeHy reo(pu3nuKUM CHU-
MameM 3a npocuie 4 u 5, onna ce Moske pehu na je nocrojasio
Oap LiecT pynapcKUX OKaHa YMju Cy ce yJia3u HaJIa3UiIu Ha yaa-
JeeHOCTH o1 6 m 1 8 m ceBepHO of1 okaHa 4 1 6. Heku on oBux
panoBa unum cy 1o nyouse og 4 m (2D reoesnekTpudHU Ipecek
npoduna 4: 4-15. metpa, 27-29. metpa, 34—43. metpa; 2D reo-
@JIEKTPUYHU Tpecek npocuna 5: 25-27. merpa; ci1. 4), a HeKU
cy umasm nyouny sehy on 10 m (2D reoesekrpuuHu npecek
npoduia 5: 16-18. merpa, 37-42. metpa; ci. 4).

[Ipumenom ceusmuukor npodumcamwa meronom SGRP
MoTBpheHo je, Majia He TIOTITYHO MPEeU3HO, HajBEPOBATHH]E IO-
CTOjabe PyJapcKuX OKaHa Ha MECTHUMa IJie ce M0jaBibyjy aHo-
MaJiMjcKe 30HE MO MapaMeTpuMa COICTBEHOr MOTEeHLMjasla U
crienruIHe eJIeKTPUYHE OTIIOPHOCTH.

O MHTEH3MBHO]j pylapCcKoj akTUBHOCTU Ha [1pibymm cBeno-
ye OPOjHU BUIUBMBU CTapyl pyAapcKu pagoBy. Beiamunna ynasa
y TIOTI3eMHe rasieprje KoJi HeKMX Off IBbHX HaBeJIa je HeKalalllbhe
HCTpa’kMBaye Ha MPETIIOCTABKY f1a Ce Pajii O OKHUMA U3 NepHo-
na Miabux on npaucropuje, Moryhe yak u3 cpenmer Beka. Mebhy-
TUM, YuBeHuIa aa je Ha [Ipipym Bahen Manaxur, kapOoHaTHA
pyZna, Kao ¥ BEeJMKU Opoj KaMEeHMX pyJapcKux 6aToBa Koju ce
HaJla3e CBYZIa MO MOBPIIIHY JIOKAJIUTETA, & TOCEOHO OKO OKaHa,
TOBOpH y IPWJIOT TOMe J1a je nedna [Ipspyma 0una jenaH BeJuKu
MIPAUCTOPUjCKU PYIHUK. Y TOPHUM JIeJOBMMA eKCIUloaTaluja
je BpIIeHa TOKOM KacHOTI €HeoJIMTa M paHor GpoH3aHor nooa,
ITO je NoTBpheHo KapakTeprcTUYHUM Haja3uma u3 OkHa 6.
[peTnocraBpaMo 1a je y ZOBUM IeI0BUMa MaayHe, cajia mpe-
KPHBEHUM JIe0eJINM CJI0jeM CUTapa, U Mpe OBOT BpeMeHa MOIJIa
OUTH BpIIIeHa eKcryIoaTalyja pyie.

3aTo 61 cBakako TpebdaJIo 1a ce HacTaBe reopu3nyKa UCIIU-
THBaka Ha 11eJ10j MaJUHU. Y TOPEEeM ey, U3Ha pyAapcKUX pa-
TI0Ba OTKPMBEHHUX TOKOM OCaMJIECETHX IOIMHA IBAECETOr BeKa,
UCTIUTHBAabe reor3nuKuM Metofama Tpebajio 61 M3BecTu y
30HM BehuHe MOTEHIIMjaTHNX OKaHa Koja cy nerektoBana 2011.
rofuHe. Y IOmeM ey naguHe 6u Takohe Tpebasio M3BpLIMTH
HCIUTHUBaKka OBE BPCTE, IOLITO [I0CTOjU MOTYhHOCT [1a ce ucnoz
nebesix HacJiara curapa Kpujy crapy pyaapcKyl paoBy U apxe-
ostomky o0jexty. [Ipema no6ujeHnM pesyraTiMa TocaJalimbux
reo(U3IIKIX NCTPAKUBaba Ha JokanureTy [Ipibyma 3aksbyde-
HO je 1a 61 y ckJtomy Oynyhux panoBa mpuMeHa METOa COTICTBE-
Hor noteHuujana (SP) u enexrpuunor ckeHupawa (EK) y Bapu-
jantama 2D u 3D 6una HajcBpCUCXOIHU]a U HAjeKOHOMUYHU]A.
Mepemwem nnomohy MeTozie CONCTBEHOT OTEHLMjaj1a IPEKPUo Ou
ce Behu mpocTop J1okanmTeTa, a caMo Ha MECTHMa ca HeTaTUBHIM
AQHOMAJIMjCKVM BPEIHOCTHMA OM Ce eJIEKTPIUHNM CKEHHPABEM
MOTBPAMIJIO TPUCYCTBO PYAAPCKUX PafioBa U3 MparcTopHje.
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