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Rezumat. Prospectarea sitului neolitic târziu Bordjoš a beneficiat de o abordare multidisciplinară. Astfel, au fost realizate un studiu geomagnetic la scară largă, un studiu geo-electric
al suprafeţei unei case, foraje pentru identificarea structurii şi colectarea sistematică de materiale descoperite la suprafaţa solului. Scopul prospecţiunilor geo-electrice realizate asupra
unei case mari de formă patrulateră a fost acela de a determina grosimea stratului arheologic,
din moment ce magnetometrul oferă rezultate pentru o adâncime de până la 1 metru. Pentru a
obţine cele mai bune rezultate posibile au fost utilizate două metode geo-electrice: maparea
geo-electrică şi sondajul geo-electric.
Cuvinte cheie: Neoliticul târziu, Bordjoš, prospecțiuni geomagnetice, prospecțiuni geo-electrice, maparea geo-electrică, sondajul geo-electric.

1. Introduction
The Late Neolithic site of Bordjoš is situated in the region of Serbian Banat
(northern Serbia), about 12 km away from the town of Novi Bečej. It is placed near
the Tisza river, beyond its old riverbed, on a small loess terrace (45° 31′ 44.20″ N;
20° 06′ 54.37″ E).
The first archaeological research of Bordjoš began in the spring of 2014 as an
international interdisciplinary project between the Museum of Vojvodina from Novi
Sad (Serbia) and the Institute of Pre- and Protohistoric Archaeology from Kiel University (Germany)1. The coordinators of the project are Aleksandar Medović, archaeobotanist-curator from the Museum of Vojvodina and the leading archaeologist dr.
Robert Hofmann, from the Institute of Pre- and Protohistoric Archaeology, Kiel
University. Preliminary works at the site of Bordjoš have started with detailed geo1
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magnetic prospection, geoelectrical prospection of one specific house, systematic
collection of surface finds and targeted core drillings2. Images of the geomagnetic
prospection have revealed a large Neolithic settlement, encircled by ellipsoidal twinditch system (inner – 3 m, outer – 2 m deep) within the area of c. 7 ha3. According to
the interpretation of geomagnetic anomalies, the settlement consisted of rectangular
houses (areas between 30 and 50 m2), which had been burnt4. The position of the
geomagnetic anomalies allows a specific interpretation of the settlement, in which
radial orientation of the house rows is assumed5. As inferred by R. Hofmann, this
form of the settlement is comparable rather to the Late Neolithic cultural groups in
the East of Europe, then to the ones in central and western Balkans (Vinča sites in
particular)6. In this case, the site of Bordjoš would be the first known Late Neolithic
site of this kind in the region. The geomagnetic anomalies indicate archaeological
findings also in the area towards the south of the encircled settlement: a twin-ditch
semicircle structure, cut by the slope of former Tisza riverbed and eight (at least)
rectangular houses, which represent second small settlement core, maybe contemporaneous to the encircled settlement7.
As inferred from the systematic survey, the material culture reflects mixed
artefacts of Tisza and Vinča culture (Vinča C and Vinča D), and a large number of
stone artefacts8.
Due to the fact that the area of the Neolithic settlement at Bordjoš is considered to be the soil of the best quality, ploughing is taking place here for decades. In
such way, the excavation of this site had to be developed as the rescue archaeology.
The first excavation took place under the leadership of Robert Hofmann in September and October 2014 with a specific purpose to explore the remnants of the aforesaid twin-ditch semicircle structure and the house which was prospected in details,
through geoelectrical prospection. Due to the fact that the largest part of the “tell”
has been covered with corn, it was possible only to investigate another house, on the
top of the “tell”, and a house in the very south of the prospected area, situated out of
the settlement ditch. While the house on the “tell” appears to be less preserved and
indicates mostly pottery of the Vinča style, the house from the southern zone is
much better conserved and shows predominantly Tisza pottery. The complete interpretation of the results of this excavation, together with many multidisciplinary analyses is yet to be performed.
In archaeological practice, geophysical methods have been used since the
1960s and they have been adjusted to the archaeological purposes9. The term
“archaeogeophysics“ has also been invented in order to motivate archeologists to
2
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embrace advantages of these non-destructive metods. Archaeogeophysics provides
important data about archaeological sites, characteristics of the buried structures, as
well as their physical properties and their range. If the geophysical prospection of
archaeological sites is planned carefully and systematically, and if it is combined
with other methods, such as aerial reconnaissance, satellite and laser images or other
types of surveys, it will be possible to make precise plans for archaeological excavations, which will make them less expensive. In that case, “blind excavations” could
be avoided10.
Geoelectrical methods were first used in archaeology in the 1950s, by
Atkinson – in 1952, and Aitken – in 197411. The main advantage of geoelectrical
methods in archaeological prospection lies in the possibility to acquire horizontal
images of the archaeological layers at different depths.
Geoelectrical prospection is a geophysical method based on electrical resistivity as a measurement of the sub-surface, made by assessing the potential drops
between probes in a variety of configurations, depending upon the type of survey12.

2. Geoelectrical prospection of a house area at the site of Bordjoš
At the site of Borđoš, geoelectrical prospection has been conducted on a specific area, over a large rectangular object/house (Tab. 1), which is considered to be
well preserved, as it was seen by previous geomagnetic prospection13. The aim of
the geoelectrical research was to reveal the thickness of the archaeological layer,
since the maximum reach of magnetometer is up to 1 m. In order to acquire the best
possible results, two different geoelectrical methods have been used: geoelectrical
mapping and geoelectrical sounding. Both of these methods are considered to be the
electrical resistivity methods, based on the studies of artificially produced electrical
fields14. This kind of electrical fields derives from direct electric current of low frequency (less then 20 Hz), which is released in the ground through probes/electrodes15. By inserting two metal probes approximately 10 cm into the ground, and
connecting a battery across them, we are able to measure the ratio of the voltage to
the current that flows between the probes. The current does not pass straight from
probe to probe, but spreads out into many curving paths throught the earth. Some of
it goes deeper then the separation of the probes. The presence of media, more or less
resistive than the normal soil, causes distortion of current paths and shows anomalies in continuous readings16.
Measuring process depends on numerous probe arrays. Each of them includes two types of probes, which can be inserted into the ground in different manners.
9
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The first pair of probes are current probes, usually made of steel, while the second
pair are voltage probes, made mostly of copper17. Greater distance between the probes
allows deeper penetration.
Due to the fact that dimensions of the aforesaid object at the site of Borđoš
are approximately 7 × 10 m, it has been decided that measuring surface for the geoelectrical mapping would be 10 × 12 m. Five profiles have been appointed at different spacings: the spacing between profiles I and II, IV and V was 2 m, while spacing between profiles II and III, III and IV was 3 m. Each profile consisted of 9 points
which have been set at equal distance of 1.5 m between each other (Fig. 1). The geoelectrical mapping was conducted with Wenner array, with three probe spacings:
a=1 m, a=2 m and a=3 m. This means that three subsurface levels have been
reached, at the approximate depths of 0.5–0.75 m, 1.5–2 m and 2.5–3 m.
Within the same area, vertical electric sounding has also been conducted,
based on the resistivity measuring in three points: S-1, S-2 and S-3, with the maximum distance between current probes of AB/2=20 m. In order to compare the results,
core sampling has also been done in the points S-2 and S-3 of the geoelectrical sounding. The point S-2 has been placed in the center of the house and the drilling included 4 m of the core, while in the point S-3, 3 m of the core has been drilled.

Fig. 1. House area with a measuring grid for geoelectrical prospection.
17
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3. Interpretation of the results of Geoelectrical mapping
Geoelectrical mapping has been conducted with Wenner array, with four
probes A, M, N, and B, set on the same distance, AM = MN = NB = a:
a – distance between the probes
A, B – current probes
M, N – voltage probes

Fig. 2. Wenner array.
The instrument for the geoelectrical prospection we have used (ABEM, type
SAS 300B), consisted of ampermeter and voltmeter. Current (I) is injected through
the current probes and potential (ΔV) is measured between the inner probes. The
values of the electrical current intensity are read on ampermeter and voltage is read
on voltmeter. When Wenner array is used, the apparent resistivity is calculated by
the formula18:

 w  2 a

V
l

ρw – apparent electrical resistivity
2πa – dielectric constant
a – distance between probes
ΔV – potential difference between
two voltage probes
I – current intensity
At the site of Borđoš geoelectrical mapping has been conducted with 3
probe arrays, which means that three depths have been reached, which can be seen
in following table:
18
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a
1m
2m
3m
Approximate depth
0.5–0.75 m
1.5–2 m
2.5–3
Interpretation of the data given by geoelectrical prospection included graphic presentation, within the maps of isolines. Isolines are used to represent points of
equal value of electrical resistivity. Maps of isolines show lithological structure of
the terrain in its horizontal projection, with clearly visible anomalies, which should
be interpreted as traces of anthropogenic activity in the past19. Interpretation of isoline maps from Borđoš included interpolation of the apparent resistivity values on
each depth. Apparent resistivity values, the form and density of isolines reflect lithological structure. Illogical isoline form and much higher or much lower resistivity
values are caused by traces of human activity in the past, i.e. remains of cultural layer.

4. Isoline map of apparent electrical resistivity for the level a=1 m
(Tab. 2)
Distance (a) between the probes (A, M, N, B) is 1 m, reflects the layer at the
depth of 0.5–0.75 m approximately. The table shows three different zones with values
of apparent electrical resistivity: ρ < 50 Ωm, ρ = 50–60 Ωm and ρ > 60 Ωm. These
zones are isolated not only by the values of apparent electrical resistivity, but also
according to relations between the isolines and their course.
Zone with the highest values of apparent electrical resistivity ρ > 60 Ωm can
be seen on profiles I, II, III and close to the profile IV:
‒for the profile I, it can be seen between the points 7 and 6;
‒for the profile II, it is situated between the points 3 and 4, 7 and 6, and in the points
5 and 6;
‒for the profile III, it spreads the most from the point 4 to the point 9;
‒it ends between the profile III and IV, up to the point 9;
‒in the profile V, a small zone of ρ > 60 Ωm can also be seen around the point 2.
This zone reflects the most solid structures, the biggest and the most compact concentration of burnt wattle-and-daub.
Zone with the mid values of apparent electrical resistivity ρ = 50–60 Ωm can
be seen in all profiles:
‒profile I: in the points 2, 3, 4, 5, 6 and 9;
‒profile II: in the points 1, 3, between 3 and 4, and 9;
‒profile III: it surrounds the points: 1, 2, 3, between 3 and 4;
‒profile IV: in every point;
‒profile V: in every point, except the point 2, and it surroundings.
This zone reflects a less compact archaeological material.
Zone with the lowest values of apparent electrical resistivity ρ < 50 Ωm can
be seen only in some parts of the geoelectrically prospected terrain, such as:
‒in the profile I, between the points 1 and 2 and surroundings of the point 8;
19
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‒in the profile II, in surroundings of the point 2 and surroundings of the point 8,
where the measured values of apparent electrical resistivity are less than 40 Ωm.
In this zone archaeological structures, such as burnt wattle-and-daub, do not
exist. The layer at the depth of 0.5–0.75 m at the zone where ρ < 50 Ωm, shows small
pieces of natural soil, undisturbed by archeological remains.

5. Isoline map of apparent electrical resistivity for the level a=2 m
(Tab. 3)
Distance (a) between the probes (A, M, N, B) of 2 m, reflects the layer at the
depth of 1.5–2 m approximately. The table shows three different zones with values
of apparent electrical resistivity: ρ < 60 Ωm, ρ = 60–70 Ωm and ρ > 70 Ωm.
Zone with the highest values of apparent electrical resistivity ρ > 70 Ωm can
be seen on profiles I, II, III and between the profiles IV and V:
‒in the profile I, there is a small, approximately 1 m high anomaly, around the point
4, which spreads towards west;
‒in the profile II, there is another small anomaly, approximately wide 2 m and high
1 m, around the point 3;
‒between the profiles IV and V, and beyond the measurment grid, towards east,
there is a linear, very solid zone of high values of apparent electrical resistivity, which
in the point 3 of the profile V goes over 90 Ωm.
This zone is caracterized by the highest values of the apparent electrical
resistivity and can be interpreted as a zone of solid burnt wattle-and-daub, with two
interesting anomalies in points I/4 and II/3 which can maybe refer to the remains of
possible hearth-structure.
Zone with the mid values of apparent electrical resistivity ρ = 60–70 Ωm can
be seen in profiles I, II, III, IV and the area between the profiles IV and V:
‒in the profile I, this zone can be seen in the points 3 and 4 and their surroundings;
‒in the profile II, the zone is reflected in the area between the points 2 and 3, point
3, and between 3 and 4, and a larger area around the points 4, 5, 6, 7, 8, and between
8 and 9;
‒in the profile III, one area is noticed in points 2, 3, 4 and between 4 and 5, while
the other area can be seen in the points 5, 6 and 7;
‒in the profile IV, it is reflected around the points 2 and 7, between 6 and 7 and
between 7 and 8;
‒the zone ends between the profiles IV and V in the linear form.
The zone with values of apparent electrical resistivity ρ = 60–70 Ωm can be
interpreted as a zone of solid burnt wattle-and-daub.
Zone with the lowest values of apparent electrical resistivity ρ < 60 Ωm in
this level can be seen in two areas:
‒the first area belongs to the profiles I, II, III and IV up to the point 3 in profile I;
from the point 1 to the area between 2 and 3 in the profile 2; from the point 1 to the
point 2 in the profile III; from the point 1 to the area between the profiles 1 and 2;
and it ends a little after the point 1 towards the profile V;
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‒the second area is larger and is situated in the points 5–9 in the profile I; around the
point 4 and 9 in the profile II; around the point 5; and between the point 7 and point
9 in the profile III; in the area between the points 2 and space between 6 and 7 and
between 8 and 9 within the profile IV.
This zone reflects a less compact archaeological material.
Obviously, this layer, at the depth of 1.5–2 m, shows the highest values of
apparent electrical resistivity. Therefore, archaeological layer here can be interpreted
as the most compact and shows solid burnt wattle-and-daub structures, with 2 two
elipsoid anomalies, possibly interpretated as hearths or ovens.

6. Isoline map of apparent electrical resistivity for the level a=3 m
(Tab. 4)
Distance (a) between the probes (A, M, N, B) of 3 m, reflects the layer at the
depth of 2.5–3 m approximately. On Table 3, the horizontal image is also given in
scale 1:100. The table shows three different zones with values of apparent electrical
resistivity: ρ < 50 Ωm, ρ = 50–60 Ωm and ρ > 60 Ωm, similarly to Table 1 (layer
with a=1 m). These zones are isolated not only by the values of apparent electrical
resistivity, but also according to relations between the isolines and their course.
There are only two small anomalies with the apparent electrical resistivity ρ
> 60 Ωm:
‒in the area of the point 3 in the profile I, which is probably related to the anomaly
from the previous layer a=2 m in the area of the point 4 and continues towards west,
beyond the measurement grid;
‒in the area of the point 7 in the profile I, which maybe interpreted as a new anomaly,
since in the layer a=2 m, surroundings of the point I/7 reflect the values ρ < 60 Ωm.
This area continues towards west, beyond the measurement grid.
Zone with the mid values of apparent electrical resistivity ρ = 50–60 Ωm can
be seen in all profiles:
‒profile I: in the point 2 and between the points 2 and 3; between the points 6 and 8,
with the break around the anomaly of the point 7 (where the values of the apparent
electrical resistivity are ρ < 60 Ωm);
‒profile II: in the points 2–3, and 5–9;
‒profile III: in every point;
‒profile IV: in every point with the break around the anomaly in points 5 and 6
(where the values of the apparent electrical resistivity are ρ < 50 Ωm);
‒profile V: in the points 1–5; around the points 7 and 9, clearly broken by two
anomalies: in the points 5–6, and around the point 8 (where the values of the apparent electrical resistivity are ρ < 50 Ωm).
This zone reflects a less compact archaeological material.
Zone with the lowest values of apparent electrical resistivity ρ < 50 Ωm can
be seen in 5 smaller areas:
‒area in the profiles I, II and III: in the points 1–2 of the profile I; in the point 1–2, a
somewhat exceeding the point 2 of the profile II; at the very beginning of the point a
in the profile III;
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‒area around the points 4, 5, 6 in the profile I, points 3–5 in the profile II, which ends
in front of the area between the points 4 and 5 of the profile III. This area consist of
extremely low values of apparent electrical resistivity from 50 to 25 Ωm and less,
which means it can be interpreted as the undisturbed soil;
‒area around the points 8 and 9 in the profile I, semicircular in its form, ending
towards the profile II, but continuing beyond the measurement grid towards northwest.
In this zone, with the lowest values of apparent electrical resistivity ρ < 50
Ωm, archaeological structures, such as burnt wattle-and-daub, do not exist.
This level for a=3 m, which reflects the layer at the depth of 2.5–3 m shows
5 areas with very small values of apparent electrical resistivity ρ < 50 Ωm. These areas
are the areas in which the cultural layer clearly ends.

7. Diagrams of apparent electrical resistivity
In order to identify changes in the terrain structure along the measuring
profiles and points, diagrams of the geoelectrical mapping, i.e. diagrams of apparent
electrical resistivity, have been created. The diagrams are drawn for each probe spacing separately (a=1 m, a=2 m and a=3 m) and for each profile as well. On diagrams, X – axis shows distance between the measuring points (2 m) from the first
until the nineth point in a profile, while Y – axis shows values of apparent electrical
resistivity. Through the analysis of diagrams of apparent electrical resistivity, change
of the values for each point, along the profile can be percieved. Position of a certain
archaeological structure can be determined based on the values of apparent electrical
resistivity, their ups and downs along the profile. Diagrams of the apparent electrical
resistivity for the profile 1 are represented on Tab. 5.

8. Interpretation of the results of Vertical electrical sounding
Vertical electrical sounding is conducted in order to define lithological
structure of the terrain, as well as the cultural layer, its depth, position and outline.
Schlumberger array was used, with two unmovable voltage probes – M, N and two
current probes – A, B, which were moved according to the central point O. The
greater spacings between A and B probes allows deeper penetration20. In geological
applications the Schlumberger array, comprising two, widely spaced current electrodes creating potential distributions examined by two, closely spaced, potential
electrodes has been widely used both for area and sondage surveys21.
The interpretation of the results of geoelectrical sounding consists of curve
identification with graph-analytical methods, based on which, electrical zones have
been identified. These zones have their lithological interpretation with the identification of anomalies that may represent archaeological remains.
Three geolectrical sounds have been positioned: S-1, S-2 and S-3, diagonally through the measuring grid of the geoelectrical mapping. With the maximum
distance between current probes of AB/2=20 m, the archieved depth was approxi20
21
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mately 10 m. When Schlumberger array is used, the resistivity is calculated by the
formula22:

AB 2  MN 2 V
S 

4MN
I
ρs – electrical resistivity
AB – distance between current probes
MN – distance between voltage probes
ΔV – potential difference between two
voltage probes
I – current intensity

Fig. 3. Schlumberger array.

9. Geolectrical section (Tab. 6)
Based on the interpretation of the vertical electrical sounding data, at the site
of Borđoš, four different zones have been identified (1, 2, 3, 4).
Zone 1 is a surface layer, with resistivity values 48–60 Ωm, indicating
humus and humificated clay, with a large amount of cultural layer remains. This zone
is deep 1.35 m in S-1, 1.2 m in S-2 and 1.1 m in S-3.
Zone 2 is a subsurface layer, with resistivity values 58–62 Ωm, indicating
loess-clay, with large amount of cultural layer remains (mostly burned wattle-anddaub and other archaeological artefacts). This zone is deep 2.1 m in S-1, 2.6 m in S2 and 1.9 m in S-3.
Zone 3 is the layer with resistivity values 28–42 Ωm indicating debased
loess and loess-clay, but without the remains of cultural layer. This zone is deep 5.3 m
in S-1, 4.9 m in S-2 and 6.1 m in S-3.
Zone 4 with the resistivity values 11–12 Ωm, is identified as the natural geo-

22
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logical layer (loess-clay, dusty clay) without cultural remains. The depth of this layer
is not reached by the specified probe spacing of AB/2=20 m.
S–1
S–2
S–3
Depth Resistivity Depth Resistivity Depth Resistivity
(m)
Value
Value
Value
(Ωm)
(Ωm)
(Ωm)
1.35
60
1.2
59
1.1
48
2.1
62
2.6
62
1.9
58
5.3
42
4.9
33
6.1
28
‒
12
‒
11
‒
12
Tab. 7. Depths and resistivity values in sounds S-1, S-2 and S-3.

10. Conclusion
The first works at the archaeological site of Bordjoš in spring 2014, included geomagnetic prospection, core sampling, systematic artifact collection and geoelectrical prospection of a house. Two basic methods of geoelectrical prospection have
been used in order to obtain horizontal images for different layers, as well as vertical
section. Geoelectrical mapping with Wenner array has given three horizontal images
for the probe spacings of 1 m, 2 m and 3 m and depths of 0.5–0.75 m, 1.5–2 m and
2.5–3 m. Geoelectrical sounding (vertical electric sounding) with Schlumberger array
has given geoelectrical section, based on the interpretation of the geoelectrical sounding curves within the depth of 10 m (AB/2=20 m). Four different zones have been
identified. The depth of the zone 2 should reflect the depth of the cultural layer on
the measurement surface. The layer is deepest in the very center of the geoelectrical
mapping measurement grid, which is the sound S-2 for vertical electric sounding.
Based on the interpretation of vertical electric sounding and geoelectrical mapping,
this depth is 2.6 m approximately. In the sound S-3 and sound S-1, the cultural layer
is lower and would be approximately 2.1 m deep in S-1 and 1.9 m deep in S-3.
Interdisciplinary approach used for the prospection of the site of Bordjoš combined
good principles: applying two different geophysical methods, based on the research
of diverse physical properties which enabled a good excavation planning and serves
as a basis for further archaeological studies.
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Tab. 1. Plan of geomagnetic survey with marked house area for
geoelectrical prospection23.
23
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Tab. 2. Isoline Map of Apparent Electrical Resistivity a=1 m.
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Tab. 3. Isoline Map of Apparent Electrical Resistivity a=2 m.
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Tab. 4. Isoline Map of Apparent Electrical Resistivity a=3 m.
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Tab. 5. Diagrams of Apparent Electrical Resistivity.
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Tab. 6. Geoelectrical Section (Vertical Electrical Sounding).
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