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Abstract

Inspired by the Romisch-Germanische Kommission
(RGK) in Frankfurt and the Archaeological Institute of
Kosovo, the first mining archaeological/archaecometal-
lurgical surveys were conducted in Kosovo in 2009-2011
by the Deutsches Bergbau-Museum Bochum (DBM) /
German Mining Museum Bochum. We conducted the
surveys mainly in cooperation with the Archaeological
Institute of Kosovo. After the approval of two project
phases by the DFG in 2012, five field campaigns were
carried out (2013-15, 2017/18). The mining archaeologi-
cally oriented excavations were also carried out based on
extensive prospection work by magnetometer prospec-
tion, geoelectric and pedological drillings. Initially
used in different areas — magnetometer prospection and
“Piirckhauer” drillings in settlement areas and on smelt-
ing sites, geoelectric investigations in mining areas - it
became more and more clear that the combination of the
methods would be a promising approach and added val-
ue for the clarification of features, also and especially in
mining areas.

The specific combination of the methods makes it
possible, particularly in the case of extensive fields of
mining depressions such as those found in the Shash-
koc/Janjevo area, to get ideas of their size and, above
all, the shape of the shaft entrances, not just the depth,
as initially planned. The shape of the mouth holes may
be a very important indication of the age of the shafts,
which in turn influences the planned excavations. Thus,
unnecessary excavations can be avoided. Therefore, in
the past two campaigns a whole series of mining depres-
sions were investigated in this way. In order to evaluate
and compare the measurement results, targeted exca-
vations were then carried out in the upper areas of the
shafts.
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Although there are restrictive conditions such as
different soil types, magnetic and electric disturbances
and similar factors that may impede the measurement
results, the combination of methods has provided con-
siderable benefit and created a systematic working basis,
future investigation can build on.

Introduction

In 2009 Kosovo became the focus of mining archaeologi-
cal research at the Deutsches Bergbau-Museum Bochum
(DBM) / German Mining Museum in Bochum. Start-
ing from Roman Municipium Ulpiana near Graganica
southeast of Prishtina, the aim was to search for possible
roman/antique mining traces in the wider vicinity in or-
der to prove a connection between the settlement and
its surroundings. The first surveys started between 2009
and 2011 in cooperation with the Romisch-Germanische
Kommission (RGK) in Frankfurt and the Archaeological
Institute of Kosovo in Prishtina (Gassmann, Korlin and
Klein, 2011). Referring to these researches, the Deutsche
Forschungsgemeinschaft (DFG) designed the mining ar-
chaeological and archaeometallurgical research by two
stages, 2012-2015 (KO 4591/2-1) and 2017-2019 (KO
4591/2-3).

During the surveys it became evident that traces
of old mining were preserved in large numbers in the
Shashkoc and Janjevo district (an area of about 10 km?),
which were in use during several archaeological periods
(Figure 1). The limited time frames allowed for only ex-
emplary studies on elected sites. The principal purpos-
es were to investigate the spatial and temporal extent of
the mining area as well as dependent dressing, smelting
and further processing. The analysis of the discovered
ore, slag samples and end products characterize the de-
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Figure 1. Map of the working area in Kosovo with the discovered traces of mining, ore beneficiation, smelting activities, settlements
and millstone quarries in Janjevo and Shashkoc from the Roman Period to modern times. Illustration: B. Sikorski.

posits (Westner, 2017; Westner, et al., 2017). Secondly,
questions concerning mining technology were supposed
to be investigated, e.g. the toolkit used by the miners
(Gezdhe), the shape and size of the different galleries and
shafts or the individual smelting steps (Gassmann, Klein
and Korlin, 2015).

Different modern prospection methods, like aerial
photo evaluation, magnetometer prospection and Elec-
trical Resistivity Tomography (ERT) and additionally
Piirckhauer drillings were carried out in the course of
the project to find and characterize the remains of min-
ing and processing (Ramani, 2016). Excavations fol-
lowed at selected sites.

According to the research questions, in the begin-
ning the different methods were used mostly separately
of each other, depending on spatial and temporal con-
ditions. Magnetometer prospection was used main-
ly in areas with settlement and smelting sites. Control
Piirckhauer drillings mostly aimed at interesting anom-
alies. The 2D ERT measurements were used mainly in
mining areas, in order to better estimate the depth of
shafts (Korlin and Gassmann, 2016). In the course of
time, however, it became clear that the combination of
magnetometer and resistivity prospection, if necessary
in addition with Piirckhauer drillings, led to a greater

gain in knowledge than the sum of the individual re-
sults would have suggested. Especially the previously
unusual combination 3D ERT measurements - magne-
tometer prospection allowed new insight in terms of the
shape of the shafts. This may allow clues regarding the
chronological classification of the shafts.

For reasons of time, not all measurements could be
verified by excavations. After all, the measurements had
been carried out in order to be able to investigate as many
finds as possible in addition to the excavations. However,
especially in the final phase of the project some of the
sites investigated by magnetometer prospection and ERT
were excavated in order to verify the obtained data. This
allowed feedback and verification of the measurements,
which were extremely important for the final evaluation.

Applied methods

Geophysical prospection uses the contrast of physical
properties of archaeological soils and subsoil layers.
Inhomogeneities such as from archaeological features
cause anomalies e.g. of the Earth’s magnetic field, the
electric conductivity, gravitational field and seismic wave
propagation. As early as in the 19 century, it was dis-
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e Extensive coverage

* Extensive detection of archaeological structures and their
boundaries within large-scale contexts

* Rapid measurement progress

= 2D-investigation

* Maximum depth of penetration: 5m

* Only provides relative dimensions of features

* Allows detection of small features (e.g. postholes and pits)

¢ Heavily influenced by anthropogenic and natural disturbances

* Provides soil profiles with information on depth
* Provides information on depth of archaeological features
« Differentiation of different layer packages
* 2D-investigation possible
= 3D-investigation possible, but more time-consuming
* Penetration depth of more than 20 m
* Smaller spacing of electrodes results in
decreased penetration depth but enables higher resolution
¢ Measurements deoendent on soil humidity

Magnetometer

Prospection

Purckhauer Drillings

* Provides 2D-soil profiles which can be digitized

« Borehole grid enables 3D-inbestigation

« Differentiation of cultural and geological strata

« Drill core extraction through Pirckhauer drillings with maximum depth of 5 m
« Provides information on the composition and sequence of layers
« Allows selective sampling of materials for dating (charcoal and other organic materials)

* Smaller spacing of boreholes (25 cm) enables detection of smaller structures, but more time-consuming

« Allows determination of relative sequence and depth of archaeological structures

Figure 2. Workflow -The effective combination of modern prospection methods, in this case: magnetometer prospection, resistivity

prospection and Piirckhauer drilling. Illustration: B. Sikorski.

covered that ceramics and fire clay are weakly magnetic
(Folgheraiter, 1896).

Magnetic prospection was applied for the first time
to archaeology in 1956 (Belshé, 1957; Aitken, 1958;
Fassbinder, 2016). The frequently used geophysical
prospection methods in archaeology are Magnetometer
Prospection, Electrical Resistivity Tomography (ERT)
and Ground Penetration Radar (GPR).

Archaeological prospection using geophysical meth-
ods allow for surveying structures of the near-surface
subsoil without invading the soil and the archaeologi-
cal structures. These methods are non-invasive and also
offer the possibility to investigate large areas of interest
quickly and effectively (Piro, 2009). A prerequisite for
the meaningful application of geophysical methods is
here a perceptible contrast between the structures/ob-
jects (anomalies) in the soil and their natural environ-
ment. For this project the combination of aerial photo
and satellite imagery evaluation, magnetometer prospec-
tion, ERT, Piirckhauer drillings and sondages were used
to complete the knowledge of the archaeological sites in
the mining area Shashkoc/Janjevo (Figure 2).
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Magnetic survey

Archaeological traces in the soil such as wall foundations,
filled trenches or pits, fireplaces, smelting furnaces, slag
heaps (Walach, 1998), and individual cremation burials
change the soil layers at the surface, both physically and
chemically (Linford, 2004; Fassbinder, 2009; Schmidt et
al., 2015; Jordanova, 2017). The contrast between un-
disturbed soil and archaeological structures essentially
determines the representation of magnetic anomalies
(Lorra, et al., 1998).

For the measurements, two fluxgate gradiometers, a
1-channel system (Barthington) and a 5-channel system
(Sensys) were used.

The measurements were performed within a measur-
ing area (grid) of max. 30 x 30 m (Barthington) and 50
x 50 m (Sensys). The probe registers the vertical com-
ponent of the magnetic field with an accuracy of 1 nT
(nanotesla). With a line spacing between 0.25, 0.5 and
1 m, depending on the archaeological question, and the
sampling (measuring point distance) between 8 and 10
per meter. For visualisation, each measurement point



was converted into a pixel. The resulting graphic, also
called magnetogram or greyscale picture provides the
base for the archaeological interpretation. The magne-
tograms were evaluated by help of the Magneto (Sen-
sys) and Geoplot (Geoscan Research 2001-2018) pro-
grammes. The obtained data were finally entered into
the GIS system ArcGIS (Esri), and linked with other in-
formation, such as maps, our own surveys, aerial photo-
graphs, satellite pictures, excavation results etc. and then
processed into different maps. With this information,
the detected anomalies in the greyscale pictures could be
classified into anthropogenic and natural anomalies, in-
cluding settlement and mining structures like charcoal,
fireplaces and kilns, geology and other structures. Some
of them include a high temperature range with high nT
(Nanotesla) values over 20 nT and more. In case of an-
thropogeny structures with a characteristic appearance,
they could be interpreted as high temperature areas
(Sikorski, 2024).

Heating the soil above a certain temperature (the
so-called Curie-point) causes the disoriented lying
magnetisable components to orient themselves accord-
ing to the magnetic field that is present at the moment.
After cooling, the orientation is frozen. As a result, the
orientation deviates from the currently prevailing mag-
netic field (Dunlop and Ozdemir, 1997; Hiibner, 2005)
as a dipole.

Resistivity prospection

Electrical Resistivity Tomography (ERT) is well suited
for the investigation of mining traces in steep terrain or
even in forested areas, because one of the advantages of
this non-invasive geophysical method is the possibility
to use it in topographically difficult terrain and in dense
vegetation (Schrott and Sass, 2008). The Electrical Resis-
tivity Tomography makes use of the electrical resistance
of the subsurface to provide depth information about the
area located directly below the measurement. Based on
their resistance value, different subterranean materials
can be delineated and archaeological objects can thus be
distinguished from the surrounding subsoil. In order to
be able to effectively plan an ERT, it is helpful if a mag-
netic prospection has already been carried out prior to
the measurement, as this is helpful for investigating the
approximate location and extent of the archaeological
features. The geoelectrical measurement can then be car-
ried out specifically at locations where depth informa-
tion is desired. By combining the two methods, it is thus
possible to obtain an approximate three-dimensional
representation of the underground.

For the measurements, the measuring instrument
GeoTom 200/100 RES/IP (1-channel or 4-channel) from
GEOLOG2000 was used. 2D and 3D ERT was carried
out. By applying the inverse modelling method, the
RES2DINV (Loke, 1995; 2011a) programme generates
a two-dimensional image which represents the different
resistivity values by different colours and was used for
the 2D ERT. RES3DINV evaluation programme (Loke,
2011b) was used for the 3D ERT.

Pedological drillings

Pedological drillings allow for pinpoint insights into the
structure and depth of distinguishable geological and an-
thropogenic structures through the extraction and doc-
umentation of drill cores. Depending on the nature of
the ground, different systems can be used. Widely used
is the Piirckhauer driller, a metal tube open on one side,
which is driven into the ground by means of a plastic
hammer and, by means of a rotary movement, encloses a
drill core, which remains enclosed in the metal tube and
can be pulled out of the ground. For deeper boreholes
drive rods/side markers can be used, to which extension
pieces can be screwed.

By the installation of systematically catenaries, pro-
files can be reconstructed by exact recording and draw-
ing implementation. The accuracy depends on the dis-
tance between the individual borehole points. By means
of flat borehole grids, 3D reconstructions can also be
generated. However, this requires a lot of time. The
method is well suited for the recording of larger and me-
dium-sized archaeological objects, even overlaps and the
relative sequence of natural and artificial structures can
be recorded. Post positions and other small structures
are difficult to detect. Geophysical disturbance factors
have no influence on the generated profiles.

Selected case studies

Settlement relics: Shashkoc, building

A building on the edge of the village of Shashkoc, just
a few hundred meters south of the mining area, was al-
ready visible as an anomaly in aerial photographs. A first
survey revealed late antiquity finds, so a large-scale mag-
netic prospection was conducted (Figure 3). Subsequent-
ly some Piirckhauer drillings and resistivity prospection
could be carried out, concerning the anomalies of the
magnetic prospection. Firstly, to prove the results and
secondly to get more information about the structures.
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Figure 3. Shashkoc School, overview of all methods used at Shashkoc School: magnetometer and resistivity prospections, Piirck-
hauer drillings and excavation. The picture shows the measurement area. Magnetometer prospection and illustration: B. Sikorski;

photo: DBM, B. Sikorski.
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Figure 4. Shashkoc School, results of the magnetometer prospection. The greyscale image shows anomalies that could be interpreted
as archaeological structures like wall remains and a trench structure. Magnetometer prospection and illustration: B. Sikorski.
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Figure 5. Shashkoc School, results of the resistivity prospection and Piirckhauer drillings. The resistivity prospection (profile) shows
some of the wall structures (trench) of the building, confirmed by drillings. ERT: B. Matthes; drilling: G. Gassmann; plan: B. Mat-

thes/B. Sikorski.

The results of the magnetic prospection show three
linear anomalies, ca. 25 m long, running NW-SE, which
can be interpreted as wall remains (Figure 4). Below this
in a southwestern direction another linear anomaly, ca.
48 mlong, can be identified as a ditch structure. It is indi-
cated by strong magnetite precipitations (dipolar signa-
ture) along the whole anomalies. In the greyscale image,
the building is about 16.4 m wide, about 25 - 32 m long
and has several rooms of different sizes. To confirm the
results of the magnetic prospection, resistivity prospec-
tion and Piirckhauer drillings were used along the entire
anomaly. The results of the resistivity prospection match
the results of the magnetic prospection and additionally
those of the Piirckhauer drillings (Figure 5).

In the course of the resistivity prospection, identified
structures can also be interpreted as wall remains and
brick collapse. In the area of the profile situated down
the slope (right), a pit-like structure with comparative-
ly lower values can be seen. Supplemental Piirckhauer
drilling provides data on the context and depth of the
suspected building in order to prepare an archaeologi-
cal excavation section. A main drill row was laid across
the presumed building (see Figure 3). Different degrees
of moisture penetration and obstacles such as stones in
the drill profiles caused occasional loss of material. In the
centre, under the partly capped topsoil, layers of debris
were found which can be assigned to a collapsed building
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and extend to a maximum depth of 0.95 m. On the up-
per hillside, backfill layers were found which were deep-
er than the drilling depth of 1 m. There, structures may
be suspected which indicate further finds in the subsoil
outside the building. At the foot of the hillside, the sand
content within the drill cores increased.

In the debris layers, which can be attributed to late
antiquity, fragments of roof tiles tracing the core area
repeatedly came to light. Larger stones were found es-
pecially in the vicinity of the wall remains, whose exact
positions were recorded by the excavations. The most
important result of the drillings was the maximum depth
of the house find of about 1 m. A test trench through
the entire feature could be realized within a manageable
time frame (see Figure 3).

In addition to the results of combined prospection,
a 28 m long and 1.4 m wide excavation section was then
established along the ERT profile and drill catenary 1
and deepened to the surrounding soil (Figure 6). This
revealed two outer walls and two inner walls. The re-
sults of the excavation confirm the results of the mag-
netic prospection, ERT and drillings. The walls had a
uniform width of 80 cm (Kérlin and Gassmann, 2016,
p.202) and were generally preserved at a height of 20 -30
cm. The discovered pottery dates the building to the 4t
century AD. Unfortunately, no further anomalies could
be identified because the measurements were disturbed
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exactly with the wall structures that were found in the excavation. ERT: B. Matthes; drawing: B. Matthes, B. Sikorski; digitalisation:
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Figure 7. Janjevo, mining depression 30, overview with all methods: magnetometer and resistivity prospection plus two-dimension-
al resistivity prospection. Illustration: B. Sikorski; photo: archive DBM, G. Koérlin.
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Figure 8. Janjevo, mining depression 30, results of the magnetometer prospection and resistivity 2D prospection in different depths.
The shaft in the greyscale picture matches with the ERT results (depth: 9.61 - 11.80 m). Magnetometer prospection and illustration:
B. Sikorski; ERT: B. Matthes.
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Figure 9. Janjevo, mining depression 30, results of the resistivity prospection (profile). The mining depression is on the scale between

20 and 22 m. ERT, illustration: B. Matthes.

by strong manganese oxide precipitations in the south-
ern area of the measurements. They find expression by
a strongly dipolar signature and overshadow all possibly
still existing archaeological structures.

However, only three wall structures can be identified
in the greyscale picture, which can be traced back to the
immense disturbance caused by the iron oxide concen-
tration (Faflbinder, 1994, p.8-9). Nevertheless, the results
were good enough to identify an archaeological struc-
ture in conjunction with the resistivity prospecting and
the Piirckhauer boreholes to enable accurate excavation.

Mining relics: Janjevo, mining depressions

The mining area extends between the present-day lo-
calities of Shashkoc and Janjevo. Well visible are shaft
mining depressions (shaft pings), partly in rows follow-
ing the ore veins. In addition, some mining entrances of
small galleries or mines were found (Gassmann, Korlin
and Klein, 2011, p.160). Many features, however, are
probably overlaid and not visible due to the often close-
ly adjacent and superimposed dumps. Mining extends
over several neighbouring hills. In order to determine
any chronological and other differences in shape, size
or driving techniques, mining depressions and pits from
all areas of the district were investigated (see Figure 1).
Here, the geophysical measurements already provided
information on the depth (ERT) as well as the shape
(magnetic prospection and ERT) and size of the mining
depressions. A selection is presented in the following.

Janjevo, mining depression 30

Mining depression 30 belongs to an apparently large and
deep shaft with an annular heap. The dump is complete-
ly without vegetation and consists of comparatively very
light-coloured rock. The colour of the rock indicates that
it does not originate from the near-surface layers but
from larger depths. The shaft has a large cone, which was
overgrown with bushes on the inside (Figure 7).

In the greyscale image of the magnetic prospection,
three anomalies can be seen which can be interpreted as
archaeological structures (Figure 8). On the one hand
it shows an approximately round, anomaly about 15 X
13 m, which can be interpreted as a dump body. Inside,
two black anomalies are visible, which can be interpreted
as a possible shaft or infill. The northern one with a size
of ca. 3 x 3.50 m and the southern one with a size of ca.
5 x 4.5 m. Two more roundish anomalies of about 1.2
and 1.4 m in size, which can be interpreted as possible
postholes, are also visible in the western area.

In the 2D ERT (Figure 9) the pile is clearly visible
at approximately 32 m and the beginning of the shaft
at around 24 m. The cross section/plan view of the 3D
ERT shows results, which are also similar to the mag-
netic prospection (see Figure 8). The mine dump can be
estimated to have a diameter of up to 15 m, and the black
anomaly of the magnetic prospection can be recognized
in a depth of up to 5 m in the ERT analysis, too. As a
conclusion, it can be stated that the information of the
magnetic prospection allows for identifying mining ar-
chaeological structures down to a depth of 5 m. Due to
the recognizable dimensions of the shaft, which indicate
rather recent mining, it was decided not to excavate it.

Janjevo, shaft 31

Shaft 31, with a mining dump in front of it, is also located
on the main row of mining depressions in Janjevo, ap-
proximately 27 m north of shaft 30 (Figure 10).

The magnetogram shows some interesting anom-
alies (Figure 11). A black one, in the northeastern part
of the picture, ca. 1.70 x 1.50 m large, can be interpreted
as a shaft. The two white anomalies with high values (ca.
180 nT) were probably caused by the manganese ore that
was also seen on the surface, like at the Shashkoc School
site (see Figure 4).

The cross sections of the 3D ERT showed large dif-
ferences of the resistivity values, whose interpretation is
difficult. Here a long exposure could not be carried out,
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Figure 10. Janjevo, shaft 31, overview of all methods: magnetic prospection, resistivity 2D prospection and excavation. On the pic-
ture, you see Dr. B. Matthes at work with the ERT. Illustration: B. Sikorski; photo: archive DBM, G. Korlin.
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Figure 11. Janjevo, shaft 31, results of the magnetic and resistivity 2D prospection and excavation picture. On the picture, you see
the view into the tapering shaft cone. Magnetometer prospection and illustration: B. Sikorski; ERT: B. Matthes; photo: archive DBM,
G. Korlin.
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Figure 12. Janjevo, shaft 42, overview of all methods: magnetic and resistivity 2D prospection and excavation. The photo shows the

mining depression/shaft 42 before the excavation. Illustration: B. Sikorski; photo: archive DBM, G. Korlin.

as it would not have been possible in sufficient length,
due to the nearby path and the heavy vegetation.

To check these results, the shaft was excavated to a
depth of 3.8 m (see Figure 11). The reasons for the dipole
anomalies of the magnetic measurements could already
be explained in the upper sections of the excavation
trench. In some cases, larger chunks of magnetite were
found, especially at the eastern edge of the excavation
and the shaft.

At a depth of 0.85 m, the shaft cone had already been
reduced to a diameter of 2.9 m. At a maximum depth of
1.3 m, the shaft was already completely in the existing
rock. A strong reduction of the cone diameter can be ob-
served at a depth of 1.7 - 1.8 m; at 2.2 m, the transition
from the cone to the actual shaft takes place. At a depth
of 2.6 m, the round-oval shaft had a “diameter” of 1.45
-1.55m.

The working faces were partly vertical, and in some
cases they extended up to 40 cm. Up to the excavated
depth of 3.8 m the main filling constantly consisted of
stones with some sediment in between. This may in-
dicate a targeted backfilling with rock debris, possibly
mined material from the neighbouring mining depres-
sion, which is only 4 - 5 m away. Due to the nature of the
surrounding rock, there are no signs of mining tools at
the working faces. No datable finds were identified.
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Janjevo, shaft 42
Mining depression 42 is a shaft with a round oval shape
and a dump in the area of the main row of mining depres-
sions, about 145 m north of shafts 30 and 31 (Figure 12).

The greyscale image of the magnetic prospection
shows three anomalies that allow for archaeological in-
terpretation. One anomaly of about 12 x 7.5 m, approxi-
mately round can be considered a dump structure. There
are two round, black anomalies in the dump structure.
One (North-East) has a size of about 3 x 3 m, and the sec-
ond one (North-West) has a size of about 4 x 4 m, both
could be interpreted as shaft structures, the North-West-
ern one was further investigated (Figure 13).

3D ERT was carried out and shows a round anomaly.
The structures match the magnetic prospection anoma-
lies up to a depth of 5 m. Afterwards a 2D ERT was car-
ried out through the centre of the mining depression. In
this 2D ERT the shaft is visible between 18/19 and 23/24
m, a dump structure can also be seen (Figure 14). The
results of the measurements could directly be compared
to the western profile of the archaeological excavation.

To verify the results, the mining depression was ex-
cavated through a 5 x 3 m section down to a depth of
2.3 m, whereby the northern half was removed (see Fig-
ure 14). After only a short time, the cone of the shaft
was clearly marked in the surrounding soil by an almost



Janjevo - Shaft 42

Anomalies

s:seies Mine dump

Excavation

Figure 13. Janjevo, shaft 42, results of the magnetic and resistivity 2D prospection. Magnetometer prospection and illustration: B.

Sikorski; ERT: B. Matthes.

semi-circular layer of clay without stones. Especially at
the eastern edge, some larger boulders were located. At
a depth of 1.2 m, the actual round shape of the shaft
was more apparent, the surrounding rock retracted, and
the cone merged into the actual shaft. The eastern bor-
der of the shaft could not be captured in the section.

The profile shows a series of sediment layers of varying
thickness; number and thickness indicate slow filling or
sedimentation.

With a size of probably little more than 3 m, the dia-
meter of the shaft at this level is comparatively large. The
dimensions seem to indicate a modern rather than a Ro-

16 Metalla Nr. 27.1 /2023, 3-26



2m |
Om

2m e

-4m
-6
-8m
-10m
-12m g0
-14m

-161

S18 M - - .-

Excavation: Planum 2
and westprofile.

Resistivity prospection
and excavation drawing
Planum 2.

Model resistivity with topography
Iteration 5 RMS error = 3.1

Unit Electrode Spacing = 1.00 m.

176 241 331 454 623 854 1172 1607 Resistivity prospection and excavation drawing of the westprofile.

Figure 14. Janjevo, shaft 42, results of the resistivity prospection and excavation. In the marked area of the resistivity prospection
(dark red area in the middle) the excavation was conducted. Photo and drawing: profile of the shaft cone. The figure on the right side
shows the combination of the result of the resistivity prospection and the drawing of planum 2 in a depth of 2.3 m. ERT: B. Matthes;

drawing and geodesy: top, K. Milkovic and L. Latzel, down, H. Arndt and L. Latzel; photo: archive DBM, G. Korlin.

man shaft. Datable finds could not be recovered. Due to
weathering, clear signs of tool marks, which might pro-
vide indications for dating, could not be identified in this
upper part of the shaft. The shaft is almost circular and
thus confirms the geophysical measurements.

Janjevo, shaft 122

Shaft 122 comes from a larger shaft with a cone still
clearly visible in the terrain and a ring-shaped dump
surrounding it. A piece of arsenopyrite was discovered
only a few meters away during the survey. The upper
edge of the cone still was about 5 m in diameter and the
depth was 1.2 m. The shaft is located on a hillside which
is nowadays forested (Figure 15).

In the greyscale image of the magnetic prospection,
two distinct anomalies are recognizable (Figure 16).
There is a round-oval, black anomaly, almost 3.8 -
4.5 x 5 m in size, which can be interpreted as a shaft. All
around, a “lighter” area is visible, which can be interpret-
ed as a dump. In contrast to the other shafts, the total ex-
tent of this area does not seem to have been covered yet,
as it is not so clearly visible in the greyscale image. A sec-
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ond distinct, black anomaly measuring approximately 2
x 1.3 m is located in the northwest of the measurement
area. Here, the interpretation is difficult because it is dif-
ferent from the other anomalies. In the 3D ERT analysis
(see Figure 16), both structures of magnetic prospection
are clearly visible. Based on the depth information, it can
be stated that the structure of the shaft can be observed
in the magnetic prospection down to a depth of 5 m.

In the 2D ERT image at about 16 m, the structure
of the shaft is visible, which seems to be backfilled with
stony material at the surface. At a depth of about 2 to
4 m, structures with increased resistance values can be
seen. However, it could not be clarified whether these are
mining chambers or stone debris (Figure 17).

Here, too, an excavation to verify the geophysical
prospection could be carried out after the measurements
(see Figure 17). The filling of the shaft initially showed
an oval discoloration in the section. At first, the working
faces retracted only slightly, from approximately 1.4 m
below the surface the transition from the shaft cone to
the shaft took place, the working faces now ran vertical-
ly. The cross section remained round oval, with a length
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Figure 15. Janjevo, shaft 122, overview of all methods: magnetic and resistivity (2D) prospection and excavation. The photo shows
the mining depression and the ring-shaped dump of shaft 122 before the excavation. Illustration: B. Sikorski; photo: archive DBM,
G. Korlin.
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Figure 16. Janjevo, shaft 122, results of the magnetic and resistivity 2D prospection in different depths. Magnetometer prospection
and illustration: B. Sikorski; ERT: B. Matthes.
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Figure 17. Janjevo, shaft 122, results of the resistivity prospection (profile) and excavation. The shaft in the ERT matches perfectly
with the excavation results. In the photos, you can see the profiles of the shaft on the left and of a pit on the right side. ERT: B. Mat-

thes; illustration: B. Sikorski; photos: archive DBM, G. Korlin.

of about 2.3 m. Even at a depth of more than 2.5 m, the
remains of a barbed wire were found, together with the
huge diameter of the shaft a hint that the shaft dates back
to the modern operating period.

Smelting relics: Mramor, furnace remains

In the small river valley that flows through Mramor,
chains of slag deposits, indicating old smelting activi-
ties, line the river on both sides. Isolated finds of Roman
relics in the wider surroundings gave reason to exam-
ine more closely a slag site on a slope in the valley of
Mramor, about 1 km upstream from the village. How-
ever, later excavations did not yield any finds from the
expected period. In the course of searching for usable
material through the modern exposure of a slagheap,
perhaps 50 m long and up to 20 m wide, an artificial
outcrop was created there and served as the basis for
our further investigations. Of particular interest was the
upper edge of the slag dump and an artificially created
terrace structure several meters above the dump, as at
both positions associated smelting plants were to be ex-
pected (Figure 18).

Due to the heavy vegetation in the valley, existing
aerial and satellite images could not provide any infor-
mation. In order to define and open up specific excava-
tion areas, smaller areas were investigated by geophysi-
cal prospection and Piirckhauer drilling where possible.
However, the areas had to be prepared for the measure-
ments with combined forces by cutting trees and clean-
ing the surface.

In the greyscale image of the magnetic prospection,
some anomalies can be seen that make archaeological
excavations at these sites seem reasonable. Especially the
massively occurring high temperature areas caused by
burned clay (all with values from 30 to over 100 nT), as
already verified at other sites, were striking (Zeiler, Cichy
and Sikorski, 2015).

The largest anomaly, with an extension of 10 x 10 m
in the greyscale image, can be addressed as a slag dump,
which is also well visible in the terrain (Figure 19). Adja-
cent to it is another dipolar high temperature area in the
northeast. A white anomaly measuring about 2.8 x 2.3 m
and a second black anomaly measuring approximately
3 % 0.8 m are visible. After comparison with the excava-
tion results, both can be addressed as a channel, which is
counted among the activities of metal smelting.
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Figure 18. Mramor, smelting area, overview of all methods: magnetometer and resistivity prospection, excavation and Piirckhauer
drillings. The photo shows a part of the smelting area. Illustration, photo: B. Sikorski.

To the southeast of this, a smaller white oval anomaly
measuring about 0.5 X 1.3 m is visible in the greyscale
image. On close inspection of the finding, a large block
of slag from a furnace bottom could be localized, which
explains the high nanotesla values at this location. Since
the suspected furnace could not be located in the grey-
scale image, no further magnetic prospection was car-
ried out because the area was very inaccessible. Never-
theless, the measuring device was used like a detector to
locate further high temperature areas in the impassable
terrain. On this basis, resistivity prospection and Piirck-
hauer drillings could then be used systematically.

In Mramor, five 2D ERT lines were carried out (see
Figure 18). Measurement E44 clearly shows the dump
structure between 11 and 12 m. In the range between
12.3 and 14.8 m, it runs along the later created south-
ern profile of the archaeological excavation. In the range
between 13.5 and 15 m, ERT profile E46 shows a chan-
nel-like structure whose location coincides exactly with
the channel found during the excavation. Between 8.5
and 11 m, another channel-like structure was found,
however outside the excavation area.

The Piirckhauer drillings confirmed the assumption
that numerous high temperature indicators were located
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in the underground. Immediately above the slag dump,
small heat reddened slate chips were found in all cate-
nae, partly with some slag on top of slope debris of grey-
brown clay, which was partly interspersed with unburnt
slate chips. In the boring rods on the slope above, under
humus slope debris, reddish clay with heat-reddened
slate chips and occasionally charcoal was found, but no-
where conspicuously demarcated or depressed. It is not
possible to reconstruct different features from these re-
sults; it rather appears to be a continuous layer of debris.
The absence of slag in the drill cores was very noticeable.
Since the bricked slate chips were also found in the cate-
nae on the even higher situated artificial terrace, it was to
be assumed that there was the source of the large-area in-
flux. The beige-grey clay fillings with charcoal enclosures
and a few reddish tiled slate chips that exceeded the drill-
ing depth additionally obscured the findings (Figure 20).

Inspired by the many measurement values of high
temperature indicators, a test trench was first made
across the hillside immediately above the slag dump (see
Figure 18). Especially on the west side some smelting de-
tritus in the form of slag, furnace wall and some galena
was found, but as yet no tangible feature. The scattering
of finds probably came from further up from areas heav-
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Figure 19. Mramor, smelting relics, results of the magnetometer and resistivity prospection (profiles). Measurement E 46 (upper pro-
file) runs directly above the channel, measurement E 44 (lower profile) lies next to the channel and shows clearly deviating resistance
values. Magnetometer prospection and illustration: B. Sikorski; ERT: B. Matthes.
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Figure 20. Mramor, smelting relics, results of the excavation, planum 3. The channel from the magnetometer prospection (see
Figure 19) is well seen in the excavation drawing and in the picture (cm). Drawing: G. Gassmann; photo: B. Sikorski.
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ily overgrown with brushwood. In the area of the high-
er situated artificial terrace structure a second trench
was made and later extended to the south. As was to be
expected due to the magnetic analyses, the high tem-
perature areas were confirmed, however smelting slags,
indicating a furnace location, were missing there. Rath-
er, a clustered kiln complex for charcoal production ex-
isted there, overlaying the findings of metal production.

After the approximate clarification of the situation
of the findings, an extension to the north was carried
out on the west side of section 1, because especially
there further high values as indicators of possible fur-
naces, which were detected in the search mode and
confirmed by the drillings, were emerging. A flat chan-
nel was found in the extension area, which led vertical-
ly uphill from the uppermost foothills of the slag dump
immediately adjacent to it. The excavation layers of heat
reddened slate chips and charcoal of the kiln plant at
the edges covered this channel, thus it is stratigraphi-
cally older. This was particularly evident in the north-
ern profile. This could be a possible explanation, why
this channel appears only vaguely in the magnetogram
and only became apparent as a clear find after the ex-
cavation.

The interpretation of the magnetic prospection can
be misleading, because the values interpreted as high
temperature effects of kiln operation and presumed
smelting are so similar to the slope debris slate mate-
rial in the subsoil that they can be confounded. In the
canal filling, smelting detritus was found in the form of
furnace components, slags, ore and some raw lead, em-
bedded in heat reddened slate chips and hillside clay.
By way of magnetic measurements to the west of the
channel, a large lump of slag could be detected next to
other melt debris but appears to not be in-situ. The as-
sociated furnace site could not be located. It was proba-
bly detected by the deep reaching kiln pits and partially
destroyed.

As a result, it can be stated that in combination
with other prospecting methods it was possible to se-
lect specific areas for excavations at presumed smelting
places, based on high nanotesla values of the magnet-
ic prospections (see section magnetic survey). How-
ever, it was not possible to identify clear structures of
a smelting furnace site, which could be connected to
the downhill slag dump. However, the findings from
the excavations, which were able to provide evidence
of overlapping relics of differentiated high temperature
areas, show the limits of the prospection methods used
for interpreting the prospection results in the case of
overlapping features. Only the excavations gave the full
picture.

Results, outlook

In sum, it can be stated that the use of the method com-
bination of magnetic prospection, resistivity prospection
(ERT) and, depending on depth, in combination with
Piirckhauer drillings, has achieved considerable benefit
for mining archaeology. Depending on soil conditions
or geological or modern disturbances, there were limi-
tations in the applications, which should be considered
accordingly. For most of the (disturbance-free) finds,
especially the shafts, the shape and dimensions could al-
ready be determined this way without excavation. Depth
determination by way of resistivity prospection depends
on the possibility of being able to make a corresponding-
ly long exposure, and therefore by nature it comes to its
limits at some point. Since the shape and size of shafts
can vary over time, only first impressions of the approx-
imate chronological positions of finds can be obtained.
Of course, this can vary from region to region, especially
soil conditions have a great influence on the (reasonable)
shape of shafts, and therefore verification by a series of
excavations is indispensable. By the measurements or
the knowledge of the different shapes and sizes, a rea-
sonable selection of features, which should be examined
more closely, can be made in advance. It should be not-
ed that although the individual methods provide good
results, it is only in combination that the archaeological
picture of a site can be completed.

References

Aitken, M.]., 1958. Magnetic prospecting I. Archaeometry, 1(1),
pp.16-20.

Belshé, J.C., 1957. Recent magnetic investigations at Cambridge
University. Advances in Physics, 6(22), pp.192-193.

Dunlop, D., and Ozdemir, O., 1997. Rock Magnetism: Funda-
mentals and Frontiers. Cambridge: Cambridge Univer-
sity Press.

Fafibinder, J.W.E., 1994. Die magnetischen Eigenschaften und
die Genese ferrimagnetischer Minerale in Bdoden. Buch
am Erlbach. pp.8-9.

Faflbinder, J.W.E., 2009. Geophysikalische Prospektionsme-
thoden-Chancen fiir das archéologische Erbe. In: E.
Emmerling, ed. 2009. Tocare - Non Tocare. Miinchen:
Siegl. pp.10-32.

Fassbinder, J.W.E., 2016. Magnetometry for Archaeology. In:
A.S. Gilbert, P. Goldberg, V.T. Holliday, R.D. Mandel and
R. Sternberg, eds. 2016. Encyclopedia of Geoarchaeology.
Springer Netherlands. p.499.

Folgheraiter, A., 1896. Determinazione sperimentale della
direzione di un campo magetico uniforme dalla orien-
tazione del magnetismo da esso indotto. Rendiconti Aca-
demia Lincei, 5, pp.127-135.

24 Metalla Nr.27.1 /2023, 3-26



Gassmann, G., Korlin, G. and Klein, S., 2011. Rémischer Erz-
bergbau im Umfeld der antiken Stadt ULPIANA bei
Pristina (Kosovo). Der Anschnitt, 63(4-5), pp.157-167.

Gassmann, G., Klein, S. and Korlin, G., 2015. The roman mi-
nes near Ulpiana, Kosovo. In: A. Hauptmann and D.
Modarressi-Tehrani, eds. 2015. Archaeometallurgy in Eu-
rope III. Der Anschnitt, Beiheft, 26. Bochum: Deutsches
Bergbau-Museum. pp.33-43.

Hiibner, Chr., 2005. Geophysikalische Untersuchungen an
ausgewihlten Schlackenfundstellen. In: G. Gassmann,
A. Hauptmann, Chr. Hiibner, T. Ruthardt and U. Yalcin,
eds. 2005. Forschungen zur keltischen Eisenerzverhiit-
tung in Siidwestdeutschland. Forschungen und Berichte
zur Vor- und Friihgeschichte in Baden-Wiirttemberg, 92.
Stuttgart: Theiss. p.41.

Jordanova, N., 2017. Soil Magnetism: Applications in Paedology,
Environmental Science and Agriculture. Academic Press:
Elsevier. pp.425-426.

Korlin, G. and Gassmann, G., 2016. Der rémische Bergbau und
die Metallverarbeitung im Hinterland der antiken Stadt
Ulpiana (Kosovo). Ein Zwischenbericht. In: G. Korlin,
M. Prange, Th. St6llner and U. Yalcin, eds. 2016. From
Bright Ores to 1 Shiny Metals. Festschrift for Andreas
Hauptmann on the Occasion of 40 Years Research in
Archaeometallurgy and Archaeometry. Der Anschnitt,
Beiheft, 29. Bochum: Deutsches Bergbau-Museum; Rah-
den/Westfalen: VML. pp.187-204.

Linford, N.T., 2004. Magnetic ghosts: mineral magnetic mea-
surements on Roman and Anglo-Saxon graves. Archaeo-
logical Prospection, 11(3), pp.167-180.

Loke, M.H., 1995. Users Manual: RES2DINV - Version 2.12.
Malaysia.

Loke, M.H., 2011a. RES2DINV«x32 ver. 3.71 - Rapid 2-D Re-
sistivity and IP inversion using the least-squares method.
[online] Available at: http://geotomosoft.com/down-
loads.php [Accessed, 26. October 2018].

Loke, M.H., 2011b. RES3DINVx32 ver. 2.23 - Rapid 3-D Re-
sistivity and IP inversion using the least-squares method.
[online] Available at: http://geotomosoft.com/down-
loads.php [Accessed, 26. October 2018].

Lorra, S., Stiimpel, H., Griber, M., Thomsen, D. and Panitzki,
M., 1998. Kombinierter Einsatz hochauflosender geo-
physikalischer Verfahren (Georadar, Geoelektrik und
Geomagnetik) in der archdologischen Prospektion. In:
H. von der Osten-Woldenburg, ed. 1998. Unsichtbares
sichtbar machen. Geophysikalische Prospektionsmetho-
den in der Archdologie. Materialhefte zur Archdologie in
Baden-Wiirttemberg, 41. Stuttgart: Theiss. pp.31-33.

Piro, S., 2009. Introduction to geophysics for archaeology. In: S.
Campana and S. Piro, ed. 2009. Seeing the unseen, Geo-
physics and Landscape Archaeology. London. pp.28-29.

Ramani, R.V,, 2016. Coal mining. Britannica Academic, ency-
clopaedia Britannica. 14 Jun. 2016. academic.eb.com/
levels/collegiate/article/coal-mining/110682. [Accessed
23. Apr. 2020: 6].

Schmidt, A., Linford, P, Linford, N., David, A., Gaffney, C.,
Sarris, A. and Fassbinder, J., 2015. EAC Guidelines for
the use of geophysics in archaeology. Questions to Ask and
Points to Consider. EAC Guidelines 2, Archaeolingua,
Hungary.

Metalla Nr.27.1 /2023, 3-26 25

Schrott, L. and Sass, O., 2008. Application of field geophysics in
geomorphology: Advances and limitations exemplified
by case studies. Geomorphology, 93, pp.55-73.

Sikorski, B., in progress, 2024. Multivariante geoarchdiologische
Prospektion am Beispiel der Siedlungs- und Montanland-
schaft NRW.

Walach, G., 1998. Methodik und Beispiel zur geophysikalischen
Prospektion urgeschichtlicher Kupfergewinnungsstitten
in den Ostalpen. In: H. von der Osten-Woldenburg, ed.
1998. Materialhefte zur Archdologie in Baden-Wiirttem-
berg, 41. Stuttgart: Theiss. pp.93-98.

Westner, K.J., 2017. Roman mining and metal production
near the antique city of ULPIANA (Kosovo). Ph. D.
Goethe-Universitdt Frankfurt. [online] Available at:
<http://publikationen.ub.uni-frankfurt.de/frontdoor/
index/index/docld/44048> [Accessed, 08. 28 July 2019].

Westner, K.J., Gassmann, G., Klein, S. and Korlin, G., 2017.
Technological changes in mining and metallurgy from
Roman to medieval times: Evidence from a Pb-Ag (-Cu)
ore district in central Kosovo. In: .M. Ruiz and A. Perea,
eds. 2017. Archaeometallurgy in Europe IV. Bibliotheca
Praehistorica Hispana, 33. Consejo Superior de Investi-
gaciones Cientificas. Madrid. pp.249-257.

Zeiler, M., Cichy, E. and Sikorski, B., 2015. Auf der Spur der
Massenhiitte — erste Indizien zur frithen Hochofentech-
nologie im Siegerland. In: LWL-Archdologie fiir West-
falen und der Altertumskommission fiir Westfalen, eds.
2015. Archdologie in Westfalen-Lippe, 2014. Langenweif3-
bach: Beier & Beran. pp.141-144.


http://geotomosoft.com/downloads.php
http://geotomosoft.com/downloads.php

Authors

Beate Sikorski

Koch Munitionsbergung GmbH
Sachsenhausener Strafle 23a

16515 Oranienburg
b.sikorski@koch-munitionsbergung.de

Barbara Matthes

Internationales Studienzentrum (ISZ)
Universitit Heidelberg

Im Neuenheimer Feld 684

69120 Heidelberg
matthes@isz.uni-heidelberg.de

Gabriele Korlin (Corresponding author)
Deutsches Bergbau-Museum
Forschungsbereich Montanarchdologie
Am Bergbaumuseum 31

44791 Bochum
gabriele.koerlin@bergbaumuseum.de

Guntram Gassmann

Independent researcher
argus.gassmann@t-online.de

26 Metalla Nr.27.1 /2023, 3-26


mailto:matthes@isz.uni-heidelberg.de
mailto:gabriele.koerlin@bergbaumuseum.de
mailto:argus.gassmann@t-online.de

