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Spatial distribution of geological resources in northwestern Serbia
(Jadar block terrane) and its relation to tectonic structures

IvaN FiLipoviC

Abstract. This work presents new information about the interconnection between diverse geological resources
and tectonic structures framing the Jadar block terrane. Deep fault zones are found to have been principal bear-
ers of geothermal, thermomineral and metallic ore resources. Increased bitumen and hydrocarbon concentrations
in pre-Tertiary deposits, which may be potential oil/gas zones, are also associated with these areas.
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AmncTpakr. Y pajy cy IpEKa3aHa HOBa ca3Hamba 0 Mebyco6HO] IOBE3aHOCTH Pa3HOBPCHOT CIIEKTPa I€OIOMIKHX
pecypca U TEKTOHCKMX CTPYKTypa Koje yokBupyjy Jagapcku 6ok TepaH. KoHcraToBaHO je fa cy ayOuHCcKe
pasnoMHe 30He IIaBHU HOCHOIM Fe0TEPMAaTHOT, TEPMOMHUHEPATHOT U METAJIMYHOT IIOTEHIMjajla, Kao | jia Cy 3a
BUX y IOpeTepluujapHUM Cce[lUMEHTHMa, Be3aHe NoBehaHe KOHIeHTpauuje OMTyMeHa M YIJbOBOJIOHMKA Ha, Y
ofpebeHnM NpocTopuMa, MOry OUTH HOTEHIUjaHe Ha()THO-TacHE 30HE.

Kbyune peum: rpaHnyHe JyOUMHCKE pa3jiOMHE 30HE, IEOJIOLIKU PECYpCH, TeoTepMallHi U Ha(pTHO-FacHU

noTeHnujany, ceseposanagsa Cpouja.

Introduction

New geodynamic ideas on the plate tectonics and
terranes initiated among national geologists enable fun-
damentally different interpretations of the spatial distri-
bution of geological resources in northwestern Serbia
(FiLipOVIC et al., 1996). First knowledge about the
interconnection of deep boundary fault structures and
diverse geological resources was based on a long sur-
face oil-geological study of pre-Tertiary formations in
western Serbia (ASANIN et al., 1998). Consistent surface
sampling and organo-geochemical analyses indicated
that pre-Tertiary rocks occur as country rocks only in
the zones of deep boundary faults along which differ-
ent geotectonic units are converging. An illustrative
example is the Jadar block terrane. In this paper, its
relevant characteristics are described in order to explain
the interrelation of different geological resources and
boundary tectonic structures with particular reference to
potential energy resources in some areas.

Major characteristics of the Jadar block
terrane and the boundary tectonic structures

The Jadar tectono-stratigraphic unit has all the rele-

vant characteristics given in the generally accepted def-
inition of a terrane (KEPPIE & DALLAMEYER, 1990). It
is an exotic block of the Earth’s crust which, like the
Biikkium terrane in Hungary, is highly correlative with
the Dinaride-South Alpine belt.

It differs only in its present geological environment.
The major characteristics of the Jadar block terrane,
which derived from Gondwana, are the following: 1. La-
te Variscan molasse with fusulinids; 2. Middle Permian
evaporites; 3. Upper Permian limestones bearing Cauca-
sian-Indo-Armenian brachiopods; 4. Extinction of the
abundant Upper Permian organic life at the Permi-
an/Triassic boundary; 5. Ooids in the Lower Triassic; and
6. Intracontinental rifting magmatism in the Ladinian.

Marked features of the geotectonic units adjacent to
the Jadar block terrane are the following: 1. Cambri-
an/Ordovician metamorphic rocks: 2. Lower Carbonife-
rous pre-flysch deposits; 3. A long regressive stage in
the late Paleozoic; 4. Lower Triassic red continental
beds; and 5. Jurassic ophiolite complexes.

The above major characteristics of the Jadar block ter-
rane and the geotectonic units adjacent to the terrane
suggest the followings: all formations characterizing the
Jadar block terrane are lacking in the surrounding areas,
and, vice versa, not a single mentioned characteristic of
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the Vardar Zone or the Drina-Ivanjica element is recog-
nized in the Jadar terrane. The boundaries of the Jadar
terrane, which were proved in the uncovered profiles to
be tectonic, are based on the mentioned pattern model.

2. The southwestern boundary consists of a long, very
narrow belt of a ophiolite melange that can be traced
from the Boranja granodiorite massif to Jagodnja, to the
southwestern slopes of the Sokolska Planina Mt., to Ti-
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Fig. 1. Map of the Jadar block terrane. Legend: @ = Geothermal or thermomineral spring; ¥ = Sb, Pb-Zn, Cu,
Au, deposits or occurrence; M= Country oil-source rocks; © = Epicenter of a registered earthquake.

The Jadar terrane is bounded by deep fault zones and
tectonic melanges with which diverse geological resour-
ces are associated: geothermal and thermomineral waters,
metallic ores (Pb-Zn, As, Au, Cu, Sb), country rocks
having oil-bearing properties and epicenters of registered
earthquakes (Fig. 1). Tectonic structures - deep seated
faults and tectonic melanges — are geologically well
marked and exposed for direct observation in the south-
ern half of the Jadar tectono-stratigraphic unit. Unlike
these, the boundary faults are covered by thick Neogene
deposits in the northern half of the unit, as inferred from
drilling data. Thus, the drilled Triassic limestone aquifers
belong to the Jadar terrane, and the drilled ophiolite,
north of the Sava, to the Vardar Zone. The major char-
acteristics of the boundary structures are the following:

1. The western boundary of the Jadar block terrane is
marked by the thermomineral springs of Banja Koviljaca
and Radaljska Banja. Further to the SSE, the Boranja
granodiorite intrusion and contact-metamorphic aureoles
are obviously associated with the boundary fault zone.

sovik and Bobija. This repeatedly reduced ophiolite com-
plex is at present a typical tectonic melange which was
produced during the Jadar block sliding. According to
CIRIC (1996), it is the large fault zone of Azbukovica
which “could have been formed by faulting and differ-
ential block movements, including rock crushing and
mixing over the entire fault zone”. The western part of
the Azbukovica Zone is described by RaDpOICIC (1977)
as “a chaotic formation of Rujevac and Veliki Majdan”
in which rocks of diverse geological ages were “mecha-
nically” mixed (Paleozoic, Triassic, Jurassic, and epochs
of the Cretaceous from the Malm/Neocomian conclusive
with the Lower Senonian). The most instructive profiles
of the melange were formed in the Rujevac area, which
show the crushed groundmass of dominantly basic rocks
that include clasts and blocks of various sizes, diverse
lithology and stratigraphy. Associated with the tectonic
melange of Azbukovica are the deposits of Rujevac (Sb-
Pb-Zn-As), Postenje and Tisovik (Pb), Eriéi and Skakav-
ci (Cu), and Crvena Stena (Sb).
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3. The southern boundary runs along the northern
slopes of the Medvednik, Jablanik and Povlen Mts., the
Zabava, Krémarska and Pastri¢ valleys to Vrujci spa.
This boundary is marked also by an ophiolite melange,
with which the Rebelj and Krsti¢ copper deposits, the
Vujinovaca and Brezovica antimony deposits, the Vrujci
thermomineral springs, and country rock near Poc¢uta and
Podbukovo are associated. The ophiolite complex is
much wider than the Azbukovica belt, and is character-
ized by the presence of a tectonic melange only in the
contact zone with the Jadar block, which refutes the
statement that the melange is of sedimentary derivation
(DIMITRIEVIC & DIMITRUEVIC, 1973). The information of
particular importance concerning the tectonic melange is
(1) A Lower Permian dkm/size block containing fusuli-
nids at Podbukovo and (2) the epicenter of a recent
earthquake in the Krmcar-Pastri¢ area. Further eastwards,
the boundary fault trace is indicated by the thermo-
mineral springs of Ljig and by numerous occurrences of
oil-source country rock. The extreme eastern boundary is
marked by Bukulja granitoid, and the northwestern by
antimony minerals at TrbuSnica and Devonian/Carboni-
ferous rocks of oil-bearing properties in KruSevica.

4. The deep seated boundary faults in the northern
half of the terrane are marked by thermal springs at
Posavo-Tamnava, Macva, and Semberija in the Jadar
block, near the boundary faults which separate this
tectono-stratigraphic unit from the Vardar Zone.

Discussion

The purpose of this work was is to develop a model
of the geological resource distribution pattern of NW
Serbia. The model is based on the following relevant
information:

1. The Jadar block terrane is a segment of the
Earth’s crust which is highly correlative with the Dina-
ride-South Alpine belt, and extremely different from
the adjacent geotectonic units.

2. The tectonic structures bounding the Jadar block
are deep fault zones which allowed migration and for-
mation of diverse geological resources.

3. Surface geological explorations for petroleum in
western Serbia revealed that rocks of oil-bearing proper-
ties occur only in the boundary fault zones. In the tec-
tonic structures bounding the Jadar block terrane these
rocks are found in Devonian/Carboniferous clastics, Up-
per Permian limestones, and Cretaceous/Paleogene flysch.

4. There are many examples in the literature of the
spatial interconnection of thermomineral aquifers, ore
deposits, and oil fields, particularly among recent se-
ismogenetic faults. Some of the examples are locations
on the southern and eastern margins of the Jadar
tectono-stratigraphic unit, where the mentioned geolog-
ical resources were found or were epicenters of regis-

tered earthquakes (8° MCS, Krupanj, 1905; 8° MCS,
Mionica, 1998; 9° MCS, Lazarevac, 1992).

Conclusion

Based on this new research data, it can be conclud-
ed that most of the geological resources of northwest-
ern Serbia are associated with the faults bounding the
Jadar block terrane, which explains the distribution pat-
tern of the geological resources (thermal and ther-
momineral waters and metallic ores) and oil-bearing
rocks. It also enables the location of new deposits.

Economic concentrations of hydrocarbons may be
expected only in deep depressions under impermeable
rocks, bounded by fluid-permeable deep-seated faults.
Resources of this kind can be expected to be found in
the Kacer depression and in the Neogene valleys of the
Kolubara, Mac¢va, and Semberija.

The hydrothermal resources in Macva and Posavo-
Tamnava are the largest in the southern part of the
Pannonian basin. According to this model, the existing
reserves may increase toward the boundary faults. More-
over, thermomineral water may also be expected, and
even oil deposits, in some tectonic structures.
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Pe3ume

O mnpocropHoM pa3MemiTajy reoJOLIKHX
pecypca y ceBepo3anagnoj Cpouju (Jamap
0JIOK TepaH) M IBUXOB OJHOC €A TEKTOHCKHM
CTPYKTypama

Japapcku TepaH OUBHYEH je {yOUHCKUM pa3lIOMHUAM
30HaMa M TEKTOHCKMM MeJIaHXHNMa 3a Koje je Be3aH
Pa3HOBpPCTaH CIEKTap TEONIOIIKUX pacypca: reorep-
MaJIHe ¥ TEPMOMUHEPAITHE BOJIe, METaJIMIHE CHPOBHHE
(Pb-Zn, As, Au, Cu u Sb), cTeHe ca MATUYHUM CBOj-
CTBHUMA 3a Ha(pTy U EMULEHTPU AOroheHux 3eMIbOTpe-
ca (cn. 1). TekTOHCKE CTPYKTYype — YOUHCKY pa3ioMu
U TEKTOHCKU MEJIaHXU Y jyXKHOj IIOJOBUHH Jajapcke
TEKTOHOCTPATUTpaPCKe jEIUHHUIIE jaCHO CYy FE€OJIOIIKH
u3paXKeHe U 3HATHUM [IeJIOM JOCTYIIHE AUPEKTHUM Te-
peHCKUM mpoMaTpawmuMa. MebyTum, y ceBepHOj moJ1o-
BUHU OBE je[IMHNLE TPAaHUYHU PA3JIOMU Cy IOKPUBEHU
nebeuM HEOT€HUM Hacjlarama, 11a cy OHU U3By4YECHH Ha
OCHOBY pe3yJiTaTa Oymierwa. Tako OyIIOTHHE ca aKBU-

¢epuMa TpHjackux Kpeumaka NpHunagajy Jagapckom
TepaHy, a OyIIoTHHE ca ouoauTuMa, cesepro of Ca-
Be, Bappapckoj 30Hn.

Ha TeMespy HOBUX Hay4yHUX Ca3Hambha €BUJCHTHO je
na je HajBehu 6poj TeoNoIKUX pecypca ceBepo3anagHe
Cp6uje BesaH 3a T'paHWYHE pa3joMe y OOOJHHUM Jie-
soBuMa Jagapckor OJIOK TepaHa. TuMme He caMo fa cy
carjefaHe IPOCTOPHE 3aKOHUTOCTH Y IIOTIIEfly pa3Me-
1ITaja FeoJIOUIKUX pecypca (TepMallHe B TEPMOMHUHED-
aJHEe BOJIC ¥l MCTAIMYHE CHPOBHHE) U MAaTUYHKX CTCHA
3a HadTy, Beh cy nucroBpemMeHno u crBopene MoryhHo-
CTH 32 OTKpHBamke HOBUX CHPOBMHCKHX IOTEHIUjaa.
Ty ce mpeBacxogHo Mucnu Ha cnenehe:

ExoHOMCKY 3Ha4ajHE KOHIICHTPaIHje YTIbOBOIOHNKA
Moryhe je oueknBaTu caMo y JlyOOKHUM Jienpecrjama ca
“MIepMeabTHIM TOKPOBIAMA U ca (DIIYWITHO TPOBOJ-
HUM NyOMHCKMM I'DaHUYHUM pa3iioMuMa. Takse MOTEH-
1ujane Moria 6u npefcrasbaT Kauepcka fenpecuja u
Heorenu 6acenn Komybape, Mause u CeMGepuje.

XupporepmanHa Hanasumra y Mausn n Ilocaso-
TaMHaBU Cy Haj3HauajHUja y jy>kHOM fexy [TaHoHCKOT
O0aceHa. MebyTuM, mpema HallleM MOJieNly He caMmo fa
ce moctojehe pesepse mory 6utHO yBehaTtn Beh, unyhn
Ka rpaHUYHUM pa3jIoMIMa, Tpeba 0UeKUBATH U TEPMO-
MUHEpaJlHy BOY, a Y oipeheHNM TeKTOHCKUM CTPYK-
TypamMa y JeKUuIITUMa HadrTe.



