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Abstract The study reports new aeromagnetic and
gravity data for the northern part of the Timok Magmatic
Complex (TMC), East Serbia. The TMC is part of the
Tethyan Eurasian metallogenic zone well known for host-
ing large copper and gold deposits. The complex formed by
continuous volcanic activity 90-78 Ma ago, that developed
in roughly three phases: Turonian andesites, Santonian—
Campanian andesites/basaltic andesites (both mostly vol-
canic) and Campanian latites/monzonites (mostly shallow
intrusive). The aeromagnetic measurements included
acquiring total magnetic intensity data that were corrected
for diurnal variations, leveling, microleveling, calculated
normal field values, calculated anomaly values of total
magnetic field intensity and reduction to the pole. The
gravity measurements were carried out in an irregular grid
with relative gravity values obtained using a Worden
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gravity meter. 2D modeling reveals that the subsurface
extension of the Campanian Valja Strz pluton is ten times
larger than it is indicated by its surface outcrops. This
implies that the area south and southeast from the pluton
can be interesting in terms of finding new porphyry sys-
tems. The model indicates that this intrusive body should
not be considered as a deeply dissected pluton. This sheds
new light onto its potential with respect to epithermal gold
mineralization, as well. The model also suggests that there
are larger non-exposed bodies of Santonian—Campanian
volcanics and near-surface hydrothermally altered rocks
than it is inferred from geological maps. The results of our
study suggest that further interdisciplinary investigations in
the TMC, in particular those integrating geophysics and
geology, may have potential of advancing the existing
exploration models.

Keywords Banatitic belt - Geophysical survey -
Copper deposits

1 Introduction

The Timok Magmatic Complex (TMC) belongs to the East
Serbian Carpatho-Balkanides which is part of the Tisza-
Dacia Unit. The Tisza-Dacia Unit acted as the western
margin of the European plate during the last subduction
processes that were associated with the final closure of the
last Tethyan realms in this region (e.g. Schmid et al. 2008,
and references therein). The TMC is geographically situ-
ated in East Serbia and occurs as a 60 km long and almost
N-S stretching area. The complex continues northward to
Romanian Banat and southeastward to Srednogorie in
Bulgaria, thereby forming a regional zone (see inset of
Fig. 1) known as Banatitic Magmatic and Metallogenic
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Fig. 1 Geological map of the study area (with the position of sections AB and CD)

Belt (Berza et al. 1998; Ciobanu et al. 2002) or Apuseni—
Banat-Timok—Srednogorie belt (Mitchell 1996). Because it
hosts some of the most significant copper deposits in
Europe, the Banatitic Magmatic and Metallogenic Belt is
important part of the Tethyan Eurasian metallogenic zone
(Jankovi¢ 1990).

The Timok Magmatic Complex is one of the largest
volcanic regions in Serbia and is surely the most important
one in terms of ore deposits. It is generally composed of
large piles of Upper Cretaceous andesitic volcanic and
volcaniclastic rocks, which are cut by numerous porphy-
ritic dikes and a few relatively larger plutonic bodies
(Karamata et al. 1997; Banjesevi¢ 2006). The TMC mag-
matism exhibits a typical calc-alkaline character and is
characterized by a pronounced westward age progression
(Kolb et al. 2013), which is in agreement with a southward
shift in age observed in Bulgarian Srednogorie (von Quadt
et al. 2001; Stoykov et al. 2004). This age pattern is

interpreted as the consequence of the rollback of eastward
(northward in Bulgaria) subduction (e.g. von Quadt et al.
2005; Lips 2002; Zimmerman 2006; Zimmerman et al.
2008). Both porphyry- and skarn type deposits are known
to occur in the TMC, and four areas are delineated as most
important (e.g. Zimmerman et al. 2008): (1) Majdanpek
porphyry-skarn deposit occurring in the far north, (2) Ve-
liki Krivelj Cu-porphyry system situated towards the
southeast, (3) Bor Cu—Au—Mo deposit characterized by
porphyry to epithermal mineralization, and (4) Valja Strz
plutonic complex and associated Dumitru Potok Cu por-
phyry system, which occur along the western margin of the
complex.

During the last several decades large amounts of geo-
logical information have been acquired regarding the origin
and evolution of the TMC and the links between tectono-
magmatic and ore forming processes (see Bor’s 100th
anniversary publications: Jankovi¢ et al. 2002; Kozelj
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2002; Kozelj and Jelenkovi¢ 2001, and references therein).
These geological studies have supported a more than a
century long exploitation with reported historical produc-
tion of 6 million tonnes of copper and 300 tonnes (9.65
million ounces) of gold (Monthel et al. 2002). This
exploitation relied upon relatively old geological knowl-
edge, i.e. it was mainly based on deposits that had long
been known to exist. On the other hand, most geological
studies of the last decades were predominantly aimed at
increasing the resolution of the age data (von Quadt et al.
2002, 2003, 2007; Lips et al. 2004; Clark and Ullrich 2004;
Banjesevié et al. 2006; Zimmerman et al. 2008; Kolb et al.
2013), reconstructions of volcanic facies (Banjesevic et al.
2001, 2002), and only some of them had more direct
bearings on the local patterns of mineralization and sur-
rounding hydrothermally altered rocks (Pacevski et al.
2007, 2008, 2012).

In the last couple of years this world-class copper
mining district entered a new and very exciting phase of
geological explorations. The results reported by Reservoir
Minerals Inc and Freeport McMoRan about the Hole
FMTC 1210, which indicate the presence of a blind high
sulphidation and porphyry copper—gold mineralization
beneath the post-mineralization Miocene cover sediments
(http://www.northernminer.com/news/reservoir-  freeport-
hit-high-grade-copper-at-timok/1001679498/), as well as
new porphyry Cu—Au prospects that were found in the
western part of the TMC around the Valja Strz pluton
(Avala Resources Ltd.), suggest that there is still a lot to
uncover in this ore-bearing complex. These recent results
have encouraged further geological studies, in particular
those aimed at integrating geophysical surveys and tradi-
tional geological investigations. In this paper we report and
discuss so far unpublished results of aeromagnetic and
gravity measurements for the northern part of the TMC.
The investigations were primarily aimed at determining the
location of unexposed magmatic bodies and their spatial
relationships with the surrounding rocks. We believe that
this study brings important steps forward in our present
understanding of the geological structure of the TMC. This,
in turn, can provide new prospectives for ore explorations
in this area with better chances of assessing the controls on
distribution of still undiscovered porphyry Cu (:Au-Mo)
and epithermal Au-Ag deposits.

2 Geological setting

The Timok Magmatic Complex developed onto a conti-
nental basement composed of various rocks that range in
age from the late Proterozoic to Early Cretaceous (Andrié
et al. 1972; Antonijevié et al. 1974). The basement belongs
to the Getic nappe of the Dacia Unit and is represented by

medium- to high-grade metamorphic Neoproterozoic to
Early Palaeozoic gneisses and sub-greenschist to epidote—
amphibolite grade Palaeozoic rocks (Krsti¢ and Karamata
1992). This series is intruded by numerous Variscan
granitoids (323-306 Ma; Vaskovi¢ et al. 2012) and is
overlain by Late Paleozoic clastic sediments as well as by
Early Cretaceous carbonate sediments. The overstep
sequences, which clearly postdate the mid-Cretaceous
nappe stacking of the Austrian phase (Sandulescu 1984),
are predominantly composed of Cenomanian molasse-like
sediments.

The TMC formed by continuous volcanic activity
during the period of around ten million years, roughly
between 90 and 78 Ma (von Quadt et al. 2002; Lips et al.
2004; Clark and Ullrich 2004; Zimmerman et al. 2008;
Kolb et al. 2013). During this evolution the volcanic front
continuously migrated from the east to the west (von
Quadt et al. 2002, 2003, 2007). The available geochro-
nological data indicate that the volcanism began in the
Turonian after the Albian—-Cenomanian transgression that
was characterized by deposition of clastic sediments
overlying Barremian—Aptian limestones or/and carbona-
ceous sandstones. The Turonian volcanic products are
subaerial extrusive to subvolcanic rock facies mainly of
andesite and subordinately dacite compositions. Both the
Albian—Cenomanian sediments and the Turonian volcanic
rocks predominantly occur along the eastern margin of the
TMC (Fig. 1). The Turonian phase was followed by the
formation of a new sedimentary cycle. This cycle started
with sediments containing Lower to Middle Turonian
microfauna (Ljubovi¢-Obradovi¢ et al. 2011), and was
immediately followed by a Santonian—Campanian volca-
nic phase. The products of Santonian—Campanian
volcanism developed in the western part of the TMC and
were predominantly represented by andesite to basaltic
andesite extrusions that very often emplaced in subaque-
ous environments. At the same time, the whole TMC
acted as an elongated deposition space which eastern and
western parts had different evolution (Pordevi¢ and
Banjesevi¢ 1997). The sedimentation in the eastern part
was characterized by deposition of reworked volcani-
clastic rocks until the Maastrichtian, whereas in the
western block fine-grained flysch-like sediments deposited
until the Middle Santonian. The TMC magmatism ended
by the emplacement of Campanian intrusions and dikes of
predominantly latitic to trachyandesitic compositions.
These magmatic bodies are commonly found cutting the
westernmost part of the TMC. The largest intrusion is the
Valja Strz monzonite pluton which is situated at the
westernmost margin of the TMC (Fig. 1). The sedimen-
tary processes continued until the latest Maastrichtian,
when reef carbonates and coarse-grained and regressive
clastites were deposited.
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3 Results
3.1 Data acquisition

Geophysical data comprise aeromagnetic and gravity
measurements carried out in different time and for different
purposes. The studied region is situated in the northern
TMC and covers an area between 7,568,600 and
7,594,000 m and between 4,874,570 and 4,905,300 m in
Gauss—Kriiger coordinate system (see rectangle in Fig. 1).

3.1.1 Aeromagnetic data

The aeromagnetic survey was done in 2006 by “Dundee
Precious Metals Inc.” (now “Avala Resources Ltd.”). The
measurements were carried out by “Geotech Airborne
Ltd.” (Geotech) by utilizing “Geometrics” optically
pumped caesium vapour magnetic field sensor. The sensor
was mounted 15 m below the helicopter. The sensitivity of
the magnetic sensor was 0.02 nT at a 0.1 s sampling
interval. The helicopter position was maintained 90 m
above the ground along the lines with 50 and 100 m line
spacing. The helicopter was flying in SW-NE direction, i.e.
perpendicularly to the direction of the major geological
structures that occur in the study area. Total Magnetic
Intensity (TMI) data were acquired from aeromagnetic
measurements. The processing of magnetic data involved
corrections for diurnal variations, leveling, microleveling,
calculated normal field values, calculated anomaly values
of total magnetic field intensity and reduction to the pole.

The TMI data were corrected for diurnal variations by
using digitally recorded ground base station magnetic
values. Tie line leveling was done by adjusting intersection
points along traverse lines, and after that the microleveling
procedure had been applied. Microleveling adjustments are
necessary because even quite minor data errors become
clearly visible when data grids are displayed as enhanced
images. This technique is designed to remove persistent
low-amplitude components of the flight line noise, which
remain after tie line leveling (Luyendyk 1997). Normal
field values were calculated by means of model IGRF-11
(International Geomagnetic Reference Field) for the period
of the aeromagnetic measurements. Anomaly values of the
intensity of total magnetic field were calculated as differ-
ences between measured magnetic field and calculated
normal field values. The magnetic anomaly data were
converted to a 50 m grid using kriging technique. Because
of dipolar nature of the magnetic field, prior to data
interpretation a procedure of reduction to the pole (RTP)
was applied. The RTP technique transforms all magnetic
anomalies into anomalies that would be measured at the
north magnetic pole (Cooper and Cowan 2005; Li 2008).
This technique makes the shape of magnetic anomalies

better reflecting the spatial location of geological structures
that are responsible for the anomalies (hereafter referred to
as source structures). Furthermore, the transformation
ensures that anomaly maxima are located centrally over
these structures (Salem et al. 2007). The aeromagnetic data
were reduced to the pole using magnetic inclination and
declination of 61° and 4°, respectively, which corresponds
to the geomagnetic field at the time of the aeromagnetic
measurements. The total magnetic field anomaly map
reduced to the pole is given in Fig. 2.

3.1.2 Gravity data

Detailed gravimetric surveys in Serbia were performed
during a relatively long period between 1952 and 1984 and
most of the measurements were carried out by the Geo-
physical Institute Belgrade. During this period, first and
second order gravimetric networks were completed. Along
with the permanent establishment of the reference gravi-
metric networks, a detailed gravimetric survey was also
done. The gravity measurements were done in an irregular
grid, whereas relative gravity values were obtained using
Worden gravity meter. Average density of gravity stations
in the survey area was 1 station per square kilometre. The
gravity data contain: number and Gauss—Krueger coordi-
nates of the points, elevation, measured gravity values,
terrain corrections (estimated within a diameter of 20 km),
and normal field values calculated using the formula of
Cassinis (1930). The Bouguer anomaly map (Fig. 3) was
done using a density value of 2.67 t/m> and by converting
the Bouguer anomaly data to a 500 m grid.

3.2 Data interpretation

Two distinct zones having positive magnetic anomaly
values and displaying almost the same NNW-SSE strike
are visible in Fig. 2. The western zone consists of two
positive anomaly subzones that are separated by a contact
area which can be interpreted as a fault. The maximal
anomaly values in this zone exceed 1,500 nT. The anomaly
is most likely caused by the presence of the ~80 Ma Valja
Strz granitoid (von Quadt et al. 2002; Kolb et al. 2013).
The shape and size of the anomaly suggest that this pluton
exists underneath adjacent sediments, i.e. that it occupies
an area larger than it is apparent from its surface exposures.
In the central part of the studied area there is a zone with
positive anomaly values that range 100-1,000 nT. It con-
sists of three spatially separated anomaly subzones. The
source structures of these anomalies are most probably
volcanic and subvolcanic rocks that are overlain by sedi-
mentary deposits and have only smaller masses exposed on
the surface (Fig. 1). In-between the high magnetic anomaly
zones an area characterized by low anomaly values can be
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observed. This part of the terrain is composed of hydro-
thermally altered rocks which protolihs are Santonian—
Campanian sedimentary, volcanic and volcaniclastic rocks.
In addition, low anomaly values are also characteristic for
the easternmost part of the study area.

The Bouguer anomaly map reveals the presence of an
anomaly zone located in the western part of the studied
area (Fig. 3). The anomaly is characterized by mutually
alternating local maxima and minima with amplitudes
ranging between —8 x 107> and 11 x 107> ms % The
size and shape of the anomaly imply that it likely resulted
from complex source structures. The western part of the
anomaly is most probably caused by the Valja Strz pluton.
This is in agreement with the above presented aeromag-
netic data that already suggest that there is a continuation
of this pluton beneath overlying sedimentary rocks. The
eastern part of the anomaly is likely caused by the presence
of volcanic and/or volcaniclastic rocks formed during the

7575000

7580000 7585000 7590000 7595000

Santonian—Campanian volcanic phase. In addition, there is
a large zone of negative gravity covering the central part of
the study area. This zone consists of two gravity anomalies
that are separated by a contact zone. The anomaly values
range between —1 x 107> and —8 x 107> ms™ 2 In this
areas Turonian and Santonian—Campanian sedimentary and
magmatic rocks are exposed. The shape, size and anomaly
values indicate that this may have resulted from the pre-
sence of magmatic rocks overlain by sedimentary deposits.
Between this zone and the zone in the western part of the
study area there is an abrupt change in amplitude of gravity
values. This suggests that two environments with con-
trasting density are juxtaposed and the contact between
them can be interpreted as a fault. In the eastern part of the
study area occurs a zone where stripes with positive and
negative anomalies ranging between —1 x 107> and
6 x 107> ms™? are alternating. The terrain in this area is
composed of sedimentary rocks and the above mentioned
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Fig. 3 Bouguer anomaly map (with the position of sections AB and
CD)

anomalies most likely imply the presence of igneous rocks
in depth.

4 Discussion

The method of 2D geomagnetic and gravity modeling was
used for creating geological-geophysical models shown in
Figs. 4 and 5. This method is applied for the source
structures that are elongated in one direction, which is also
the main direction of the Timok Magmatic Complex. The
sections AB (14.2 km) and CD (14.4 km) are positioned
perpendicular to the strike of the source structures (Fig. 1)
and they cross through the most distinctive geophysical
anomalies in the studied area (Figs. 2, 3).

4.1 Geophysical modeling

The basic goal of the 2D geophysical modeling was to
better constrain the inferred magmatic bodies by defining
their shape and extent more into detail. The modeling was
done using software package Oasis Montaj, which
encompasses the application for 2D modeling (“GM-
SYS”). This method offers the possibility of making
complex models involving a large number of geological
units of different physical properties. All blocks in the
model are assumed to have semi-infinite extents in direc-
tion perpendicular to the modeled section, and that is the
major limitation of the method. The intensity of

Fig. 4 2D geological-geophysical model along the section AB withp
graphics of tilt derivative (TDR), aeromagnetic anomaly (A7) and
gravity anomaly (Ag)

geomagnetic and gravity anomalies is influenced by the
variation in shape of source structures in the proximity of
the section. The impact of these variations has been taken
into account in the course of modeling.

Along with the above presented aeromagnetic and
gravity maps, Basic Geological Map 1:100,000 of the
study area (Antonijevi¢ et al. 1968, 1974) and available
data for rock density and susceptibility were used for
modeling. A gravity and magnetic 2D model represents
density and susceptibility distribution along the given
sections with the present lithological units are considered
as equi-density and equi-susceptibility blocks. The models
correspond to geological formations present in the geologic
map (Fig. 1) only for those lithological units that display
high contrasts in density or susceptibility. By contrast,
lithological units of similar density and susceptibility were
merged and presented together.

The parameters for the models of the individual sections
were derived from earlier geophysical and geological sur-
veys, including drillholes located in the proximity of the
sections. These data are provided by the company “Avala
Resources” and include lithology, density and magnetic
susceptibility from 8 drillholes ranging in depth
200-570 m. They reveal that magmatic rocks show almost
negligible variations in density but are very variable in
susceptibility, hence, for modelling we adopted the average
susceptibility and density values of drilled samples. Sus-
ceptibility and density of the basement rocks and sediments
were determined mostly using the values for analogous
rock types, which are available in literature.

The first step was modeling of magmatic rocks. Analytic
signal (AS) and tilt derivative (TDR) techniques were
applied for determining the horizontal edges of source
structures that caused the above described magnetic
anomalies more accurately. In order to define source
structures which have regional significance, the upward
continuation technique was used, and for refining their
shape a combination of upward continuation and TDR was
applied (For more details see electronic supplement).

In order to define the maximal width of the inferred
magmatic bodies, we used the results obtained by the
procedures of upward continuation and upward continua-
tion with TDR, both for levels 500 m. The obtained maps
show that magmatic rocks 1 and 3 (Figs. 4, 5) are wider in
extent than magmatic rocks 2 and 4, for the influence of the
latter two is much weaker. Magnetic anomalies calculated
for the model (AT,,.) were compared to magnetic anom-
alies reduced to the pole (RTP), used as observed data
(ATyps). Results acquired by upward continuation and
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upward continuation with TDR, both for levels 100 m,
were considered in order to determine the basic shape of
the magmatic bodies. For refining the shape and the edges
of the source structures we used results of AS and TDR.

The next step in modeling was aimed at defining the
spatial relationships between the inferred magmatic bodies
and surrounding rocks by using the results acquired by
gravity measurements. It is assumed that density of mag-
matic rocks differs with respect to rock types and
appropriate volcanic phases. The presence of significant
negative gravity anomaly confirms the extent of magmatic
rock 3 inferred from magnetic data. This implies that
magmatic rock 3 has lower density than magmatic rock 2,
although they have similar susceptibility and most proba-
bly belong to the same volcanic phase. Sedimentary rocks
were divided into three major layers of different density.
Sediments 1 correspond to low density near-surface sedi-
mentary rocks, sediments 2 represent clastic sediments and
younger carbonates, while sediments 3 correspond to more
deeply buried carbonate rocks. The applied density values
were adjusted in order to match gravity anomalies calcu-
lated for the model (Ag.,.) with observed gravity
anomalies (Agops.).

The basement is the deepest high density rock unit
which provides a major positive density contrast. A com-
parison between gravity and magnetic anomalies implies
that there are generally two basement types. Basement 1 is
generally non-magnetic or very low magnetic, has higher
density and corresponds to metasedimentary rocks that
are similar to those occurring along the outer western
margin of the TMC. However, to fit the model within the
Basement 1 we had to distinguish a sub-unit named
basement la and the latter is related to variable crystal-
linity of the present metamorphic rocks (see below).
Basement 2 is magnetic, has lower density and corresponds
to magmatic to metaigneous rocks. It is noteworthy that
different values of susceptibility were appointed to base-
ment 2 along the modeled sections AB and CD. It is
generally known that magnetic basements are often mag-
netically heterogeneous (Tarlowski and Koch 1988;
Goussev et al. 2007).

4.2 Geological models

Geological models are given as bottom sections A-B and
C-D in Figs. 4 and 5. In principle, they are derived from
the above described geophysical models by upgrading
them using available geological data. Accordingly, some
entities of the geophysical model are divided into several
rock units/series in the geological model.

One of the most striking features of the geological
model is that the Valja StrZ pluton has a much larger extent
than it is indicated from its surface exposures (<20 kmz).

According to the model, the lateral extent of the pluton at
depths of ~1 km is ten times larger than its surface out-
crops. The pluton apparently continues towards the south
and that is inferred from both sections. However, more to
the south (section C-D), the pluton appears to be dis-
membered into three roughly subvertical intrusive branches
(Fig. 5).

The model further suggests that the Santonian—Campa-
nian volcanic rocks are also more widespread in depth than
they are exposed on the surface. Both sections indicate that
there are two subsurface regions of these rocks, each around
2.5-3 km in width. The western one is situated very close to
the Valja Strz pluton, and is dismembered into three/four
smaller bodies. The other occurrence is situated around
1.5 km more to the east and it appears more like a continuous
igneous body. The modeling assumes that these two occur-
rences have different densities (mmagmatic rocks 2 and 3 in the
geophysical model). It is generally known that the Santo-
nian—Campanian volcanics are represented by amphibole—
pyroxene andesite to basaltic andesite, which are more basic
in composition than the Turonian amphibole-biotite andes-
ite to dacite (Banjesevic et al. 2006; Kolb et al. 2013). Hence,
the observed density differences of the two geophysically
inferred bodies can be potentially explained by the relative
increase in abundance of basaltic andesite toward the west.
Alternatively, the eastern body could, in fact, represent
multiple subvolcanic intrusions that presumably belong to
both Turonian and Santonian—Campanian volcanic phase. If
the latter possibility is correct, the Turonian volcanic rocks
would be similar to a narrow body which presence is revealed
at the easternmost side of both sections. In any case, the
results of this study are in accordance with the available
petrological and geological data which strongly suggest that
along with the already mentioned westward progression in
age, there is also a gradual westward shift in composition.
This is evident from the fact that the Santonian—Campanian
volcanic rocks have slightly lower silica contents than the
volcanic rocks of the Turonian phase. Such compositional
shift can be explained by changes in local tectonic condi-
tions. Namely, the Santonian—Campanian phase was related
to extensional tectonics in comparison to a predominantly
compressive regime in the Turonian. Such extension may
have been more favourable for less evolved mantle melts to
reach the surface (Lips 2002; Zimmerman et al. 2008; Kolb
et al. 2013).

Sediments I of the geophysical model partly correspond
to the hydrothermally altered Santonian—Campanian
andesite to basaltic andesite volcaniclastic deposits that
crop out at many places in the study area. However, the
model suggests that these low-density unit is more wide-
spread in near-surface levels implying that hydrothermally
altered rocks can have considerably larger distribution both
horizontally and vertically. Their protoliths are most likely



110

S. Ignjatovic et al.

both Santonian—Campanian volcanic rocks and Upper
Cretaceous sediments. Sediments 2 are separated into three
layers: (1) volcaniclastic rocks of the Turonian volcanic
phase, (2) volcaniclastic rocks of the Santonian—Campa-
nian volcanic phase, and (3) Upper Cretaceous carbonate
and clastic sediments. Sediments 3 correspond to Jurassic/
Lower Cretaceous limestone and dolomite. The boundaries
between these layers may not accurately correspond to real
geological boundaries existing under the surface, but they
should be used as describing the general spatial relation-
ships between them.

Basement 1 corresponds to Lower Paleozoic metamor-
phic rocks, similar to those occurring more to the west of
the TMC. As it is already mentioned above, the basement
rocks are split into basement I and la in order to better fit
to the geophysical model. This is in accordance to the local
geology of the Palaeozoic metamorphic basement, com-
posed of variably metamorphosed rocks ranging from low
grade schists and non-metamorphosed sandstones (pre-
sumably basement I), to high/medium grade gneisses and
amphibolites (basement 1a). By contrast, basement 2 most
probably represents a westward extension of the Variscan
granitoid rocks of Gornjane, which has much larger
exposures eastward and north-eastward from the TMC. The
influence of this granitoid is likely responsible for the
complex geophysical image in the basement along the
eastern margin of the TMC. It is noteworthy that the pre-
sence of Variscan granitoid rocks in the basement is also
inferred from abundant dm- to m-sized fragments of these
granitoids found in various volcanic rocks of the TMC
(Knezevi¢ 1960; Pordevi¢ and Banjesevic 1997; Ban-
jesevic 2006).

5 Concluding remarks and metallogenetic implications

One of the most valuable results of this study suggests that
there is a large subsurface continuation of the Valja Strz
pluton towards the south. It is related to the area which has
already been emphasized as very promising in terms of
economically significant ore deposits (see Monthel et al.
2002). The most prospective site in the wider area is
Dumitru Potok, which is situated north from the Valja Strz
pluton. Our results indicate that the area south and south-
east from the pluton should be also considered as
prospective in terms of finding new structurally-controlled
porphyry systems. It is worth noting that the limits of the
southern continuation of the Valja StrZ monzonite pluton
are still not fully constrained, which means that the geo-
physical influence of this body further towards the south
still remains to be unravelled by future surveys.

The Valja Strz pluton has been considered as a deeply
dissected pluton (Jankovi¢ 1977; von Quadt et al. 2002). It

is generally accepted that such plutons are not prospective
for epithermal gold mineralization since such mineraliza-
tions are usually found at shallow depths (Silitoe 1993;
Hedenquist et al. 1996). However, this new evidence of
relatively large masses of these intrusive rocks covered by
sedimentary and volcaniclastic deposits shed new lights on
this already promising area.

The model presented here also suggests that the geo-
physically inferred subvolcanic bodies predominantly
correspond to the Santonian—Campanian volcanics. This is
important because the presumed subvolcanic bodies occur
in the western part of the TMC, which, in comparison to
the eastern part of the complex, has long been known to
have metallogenetic potential but failed to retrieve huge
ore deposits. In this context, the inferred presence of cov-
ered Santonian—Campanian subvolcanic bodies must be
taken into consideration in further explorations. Further-
more, the model also indicates that it is not likely that
larger masses of Turonian volcanic occur underneath the
western TMC.

Another significant implication is related to larger
shallow occurrences of hydrothermally altered rocks,
which are also revealed by our geophysical data. It has
been already known that hydrothermally altered rocks are
more widespread in the western parts of the TMC, i.e. in
the area dominated by the Santonian—Campanian volcanic
and volcaniclastic rocks, although this area lacks very large
and economically significant ore bodies (Banjesevi¢ 2006;
Kozelj 2002). The geophysically inferred near-surface
hydrothermally altered rocks are particularly abundant
above the eastern occurrence of subsurface coherent mag-
matic bodies and this suggests that this area can also be
very promising for further explorations.

The outcomes of this study strongly suggest that there is
a great need for further investigations throughout the TMC
and along its outer periphery. The approaches integrating
geophysical surveys and detailed geological/petrological
studies can be particularly fruitful. It is so, because only
interdisciplinary research has potential of improving the
existing predictive exploration models.
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