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STRATIGRAPHY AND AGE OF ROCK UNITS AND MINERALIZATION
IN THE TIMOK MAGMATIC COMPLEX ANDTHE BOR
METALLOGENIC ZONE - A REVIEW

Miodrag BanjeSevi¢',
'"Technical F aculty Bor, University of Belgrade, V.J. 12, 19210 Bor, Serbia

Abstract

This study reports of stratigraphy and geochronology of rock units and mineralization of the Timok
Magmatic Complex (TMC) and the Bor Metallogenetic Zone (BMZ)which belongs to theLate Cretaceous
Apuseni-Banat-Timok-Srednogorje Belt (ABTS, part of the Tethyan-Eurasian Metallogenic Belt).Existing
data are supplemented and systematized by the latest geological, stratigraphic and mineral
exploration.The TMC developed on a continental crust composed of different types of the Proterozoic to
the Lower Cretaceous rocks. The TMC consists of the volcanic/magmatic, volcanogeno-sedimentary and
sedimentary units. The sedimentary processes and magmatism lasted nearly continuously throughout
nearly the whole Late Cretaceous. The sedimentation lasted from the Albian-Cenomanian to the
Maastrichtian. Magmatism occurred in two phases from the Upper Turonian to the Upper Campanian:
V1 (90-83 Ma), V2 (83-78 Ma), with a steady decrease in age from east to west. Cu-Au porphyry
mineralization take place between 87-80 Ma. Major mineralizationis related to the V1 magmatic
phasepredominantly developed in the easternmost part of the BMZ.

Keywords: Timok Magmatic Complex, stratigraphy, aga data, volcanism, mineralization.

1. INTRODUCTION

The Timok Magmatic Complex (TMC) almost totally overlap of the Bor Metallogenetic Zone
(BMZ) which belongs to the Late Cretaceous Apuseni-Banat-Timok-Srednogorje Belt (ABTS,
[1,2]) and together belong to the transcontinental Tethyan-Eurasian Metallogenic Belt [3].

Because the TMC and the BMZ as the entire ABTS are known to host some of the largest Cu
and Au deposits in Europe, their geology has been frequently studied in the last several decades
(e.g.,[4,5,6,7,8,9,10,11], among others). The studies covered various geological aspects of the
origin and evolution of many parts of this belt and established solid genetic links between
volcanic/magmatic processes and mineralization events. In this respect, the information based on
stratigraphic relationships and high precision geochronology that includes Ar/Ar[5,6], U/Pb
zircon dating (e.g., [4,9,11,12]) and Re/Os molybdenite dating [7] was of supreme importance.

In this study will be revised, supplemented and systematizedstratigraphy, geochronology and
mineralization relationshipof the BMZ. The BMZ is famous for its large porphyry copper
systems accompanied by high- and subordinate low-sulphidation epithermal Au ore deposits
[13,14,15,16,17]. It has long been thought that the massive sulphide deposits had been mined out
long ago, the recent discovery of a world class copper and gold deposit of CukaruPeki seriously
arouse new interests for further investigating the BMZ, both in the exploration and the scientific
context[18,19,20].

2. GEOLOGY, STRATIGRAPHY, ROCK AND MINERALIZATION AGE DATA OF
THE TMC AND THE BMZ

The areas of the BMZ and the TMC almost totally overlap (Figure 1). The geology of the TMC
along with the main ore deposits within the BMZ, the available geochronology age
determinations are given in Figure 1 and Tablel. The stratigraphy and time space development
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of the TMC and relationship of published sediment formations and magmatic suites[21,8] are
given in Figure 2. The TMC developed on a continental crust composed of different types of the
Proterozoic to the Lower Cretaceous rocks, partially overlaid by Miocene and Holocene
sediments. After continuous carbonate sedimentation from the Early Jurassic to the Lower
Cretaceous, a new sedimentation period commenced with the Albian transgression. These
Albian—Cenomanian sedimentation processeshad clastic character and were related to
oscillations of the depositional environment (Lenovac Formation, [21], Figure 2). After a hiatus,
the Turonian—Senonian evolution commenced with a newsedimentary cycle. The sediments
overlie the Cenomanian clastites, started with basal conglomerate and continues continuously,
over wide area in the TMC with clastic to carbonate sediments (OstreljFormation,[21], Figure 2).
The lowest part of the sediments contains microfauna (Helvetoglobotruncanahelvetica),
indicating the Lower to the Middle Turonian age [21].During the Upper Turonian tothe
Senonian, the whole TMC area shows a considerable difference in the evolution between the
eastward and the westward tectonic block (Figure 2, [22]).

The volcanism/magmatismoccurred in two phases from the Upper Turonian to the Upper
Campanian: V1 (90-83 Ma), V2 (83-78 Ma), Figure 2, Table 1. It predominantly consists of
extrusive volcanics, shallow intrusions and volcaniclastics that are at places associated with
volcano-sedimentary and sedimentary rock series, with a steady decrease in age from east to
west.

In the eastward block, predominate volcanic rocks of biotite-hornblende andesite (+dacite)
compositions (TimokAndesite, V1, [8,12], I volcanic phase in Figure 1). These rocks
stratigraphically overlie the Cenomanian siliclastic sediments or the Turonian clastic to
carbonate sediments (Figure 2). The available U/Pb zircon ages of the Timok Andesite (V1)
range 90-83 Ma ([4,9,12], Table 1). In the same time, the available U/Pb zircon ages and
volcanological analyses reveal that the first volcanic phase (V1) can be split into two sub-phases:
V1A and VIB [12].

The V1A sub-phase andesite can betermed plagioclase-hornblende phyric, has mostly
holocrystalline groundmass and is substantially altered and mineralized. It is represented by
coherent, brecciated and volcaniclastic facies. The age of V1A ranges widely from 90 to 85 Ma
([4,12], Table 1).

The VIB can be termed hornblende-plagioclase phyric andesite. It is a fresh, non-mineralized
rock displaying holo- to hypocrystalline texture and occasionally fluidal fabric. The V1B is
represented by coherent lava flows or shallow intrusions, monomictic breccia and volcaniclastic
rock.The V1B sub-phase shows an age range of ~85 to 83 Ma ([4,12], Table 1).

During the volcanismand especially after its interruption, in a shallow water environment,
andesite volcanics begin to be resedimented, transported and formedvolcano-sedimentary
package - epiclastics. The epiclastics are represented by polymictic andesite breccia,
volcaniclastic conglomerate and sandstone, which matrix is often composed of clay, fine grained
sandstones or reddish marls.These rocks are known as the MetovnicaEpiclastite([8], Epiclastic in
Figure 1), are usually interlayered with marls and siltstoneand sometimes, contain well-preserved
microfauna the Coniacian—Campanian age [22,23,12].

The sedimentary series of the Ostrelj Formation are continuously developed and can be found
over the Early Cretaceous rocks of the volcanic basement rock but also as underlying or
overlying the V1 and V2volcanites and their epiclastic products (MetovnicaEpiclastite, Figure
2). The sediments are represented by layered to laminated grayish siltstones, marls, sandy
limestones and calcareous sandstones and contain Turonian—Campanian micropaleontological
content [21,12].
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Figure 2.The stratigraphy and time space development of
the TMC and relationship of sediment formations and
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Lenovac Formation, OS — Ostrelj Formation, V1 — Timok
Andesite, volcanic/magmatic first phase, VI1A-Timok
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Jezevica andesite, P2 — ValjaStrzplutonite, MP2 —
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TimokEAST — The eastward tectonic block, Timok WEST
— the westward tectonic block Red line highlighted
schematic unconformity of porphyry mineralization in the
eastward tectonic block.

Towards the west of the TMC, the V1 andesite grade into the hornblende-pyroxene- to pyroxene andesite
and basaltic andesite -V2 phase (Jezevica andesite and Osni¢ basaltic andesite,[8]). They are
predominantly emplaced as submarine extrusive volcanics, shallow intrusions and associated epiclastic
rocks (II volcanic phase in Figure 1). These volcanic rocksreveal U/Pb zircon ages range of 83-81 Ma, but
related to andesite or trachyte dykes ([4], Table 2). They are also stratigraphically interlayered with the
above mentioned the Senonian sediments (Ostrelj Formation, Figure 2) and are at places covered by their
epiclastic products (Epiclastic in Figure 1). In the westernmost part of the TMC occur plutonic of
monzodiorite-granodiorite-gabbrodiorite compositions (ValjaStrZzplutonite, [8],Intrusive rocks in Figure
1). This rock intruded in to the basaltic andesite and andesite and surrounding sediments (Figure 2). The

plutonic rock is dated at 83-78 Ma (Table 1, [4,11]).
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From the Upper Campanian to Maastrichtian, in the westward block of the TMC, reef sedimentation
commenced (Bukovo Formation, [21]). At the same time, in the eastwardblock,coarse-grained and
regressive clastites were deposited (Bor Clastic, ([21], Figure 2). This was the period when the
TMCuplifted and its existence as an area of active volcanism/magmatismand marine sedimentation
terminated[22].

Table 1 —Summary of rock and mineralization age data in the TMC [4,5,6,7,9,11,12], zr-zircon, ho-
hornblende, bi-biotite, mo-molybdenite, wm-white mica.

Location Lithology Method Age Ma Volcanic phase
Majdanpek Andesite-Dacite U/Pb zr 85.2+4.2-86.0+7.2 [9] V1A
VelikiKrivelj Andesite dyke U/Pb zr 86.17+0.15-86.29+0.32 [4]
VelikiKrivelj Andesite dyke Ar/Ar ho 85.5+1.3 [5]
Bor Andesite Ar/Ar ho 83.4+1.7-84.6x1.1 [6]
Bor Andesite Ar/Arbi 89.0+0.6 [5]
Nikolic¢evo Andesite U/Pb zr 89.49+0.42-90.97+0.39 [12]
Gamzigrad Andesite U/Pb zr 88.6+8.0 [9]
Lenovac Volcaniclastic U/Pb zr 89.9+6.0 [9]
VelikiKrivelj Cu-Mo Porphyry Re/Osmo 87.88+0.5 [7]
Bor Andesite Re/Osmo 85.94+0.4-86.24+0.5 [7]
Bor Borskareka Ar/Arwm 86.3+1-86.9+1.1 [6]
Porphyry
Nikoli¢evo Andesite U/Pb zr 84.89+0.75-85.56+0.53 [12] V1B
VelikiKrivelj Andesite U/Pb zr 84.66+0.5 [4]
Majdanpek-Dolovi Andesite dyke U/Pb zr 82.73+0.03 [4] V2
Brestovac cross Trachyte dyke U/Pb zr 81.79+0.5-82.27+0.35 [4]
road
Podgorac Basaltic andesite U/Pb zr 80.8+4.8 [9]
Majdanpek Cu-Au-Mo Skarn Re/Osmo 83.37+0.4-83.77+0.5 [7]
Majdanpek Ar/Arwm 83.15[5]
ValjaStrz Monzonite U/Pb zr 78.62+0.44 [4]
ValjaStrz Granodiorite U/Pb zr 78.9+£5.2-82.2+5.4 [9]
ValjaStrz Diorite U/Pb zr 78.5+1.3-82.5+0.4 [11]
CokaKuruga Diorite U/Pb zr 83.6+0.5 [11]
Dumitru Potok Diorite U/Pb zr 82.1+0.7-82.2+1.2 [11]
KrakuRidi Diorite U/Pb zr 80.8+0.6 [11]
Dumitru Potok Cu Porphyry Re/Osmo 80.69+0.4-80.82+0.45 [7]

The Bukovo Formation overlies theOstrelj Formation. There are moderate beddedsiltstonesand marls
overlain by sandy limestones with intercalated layers of claystonesand contain Upper Campanian to
Maastrichtian micropaleontological content [21].

The Bor Clastic are polymictic coarse to fine-grained conglomerate and sandstone.lt is built by pebbles of
the Upper Cretaceous volcanites and sediments originated from the TMC, pebbles of the Paleozoic
metamorphic and igneous rocks, the Paleozoic sediments, the Jurassic and the Lower Cretaceous
carbonate rocks, that originated from the basement of the TMC[24]. Micropaleontological content inthe
Bor Clastic suggest the Upper Campanian to the Maastrichtian age [25,21,24].

The BMZ hosts more than hundred significant metallic occurrences out of which 22 have been recorded
as ore deposits (see review of [16]. The location of 14 economically most significant ore deposits is
indicated in Figure 1.

The world-class high-sulfidation Cu-Au deposit of Bor and CukaruPeki-Upper zone and large porphyry
Cu-Au deposits of VelikiKrivelj, Majdanpek,Bor-BorskaReka and CukaruPeki-Lower zone are all
situated along the eastern margin of the BMZ (Figure 1), more precisely inside a narrow structural-
metallogenetic zone oriented SSZ-JJI (blue lines in Figure 1, [12]). In the same structural-metallogenetic
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zone occur smaller polymetalicepithermal deposits ofhigh-sulphidation, such as Coka Marin [26], which
do not exhibit obvious links to larger porphyry systems.

The western part of the BMZ is less promising and hosts generally different morphogenetic types of
mineralization [11]. There are smaller porphyry Cu-Au, high sulphidation-style, polymetallic
replacement, and skarn-type deposits connected with plutonic rocks (e.g.Tenka, Valja Saka, Umka,
Dumitru Potok, CokaKuruga, ValjaStrz, Lipa, among others, Figure 1). This zone also hosts a low-
sulphidation deposit of Zla¢e and a sediment-hosted Au mineralization Korkan-Bigar Hill ([27,11],
Figure 1). In the last several years, in this part of the TMC occurrences of manganese ore were also
reported and are interpreted as having been related to VMS/SEDEX-type of mineralization [16,11,28].

The age of porphyry mineralization andmineralized and hydrothermally altered andesitic host rocks
clearly corresponds (Table 1). The porphyry mineralization ofVelikiKrivelj and Borska Reka deposits is
associated with the V1A volcanics and may take place between 87-85.5 Ma roughly[6,7]. The porphyry-
skarn mineralization of Majdanpek-Dolovi deposit related with andesitic dykes and dated around 83 Ma.
The youngest dated mineralization is in the western part of the TMC, at Dumitru Potok deposit, range of
81-80 Ma and correspond with ValjaStrz plutonic.

3. CONCLUSION

The review of stratigraphy, time space development, relationship ofsediment formations and
magmatic suites and available geochronology age determinationsof the TMC and the BMZ
imposed the following conclusions:

- After a generally uniform development from the Early Jurassic to the Lower Cretaceous, during
the Upper Turonian to the Senonian, the whole TMC area shows a considerable difference in the
evolution between the eastward and the westward tectonic block.

- The sedimentary processes and magmatism lasted nearly continuously throughout nearly the
whole Late Cretaceous.

- The volcanism/magmatism occurred in two phases from the Upper Turonian to the Upper
Campanian: V1 (90-83 Ma), V2 (83-78 Ma).

- The available U/Pb zircon ages and volcanological analyses reveal that the first volcanic phase
(V1) can be split into two sub-phases: V1A and V1B.The Timokandesite V1A is older (90-85
Ma) and is both in time and space associated to ore mineralization, whereas the V1B is younger
(85-83 Ma) and clearly postdates the main mineralization event.

- The porphyry Cu-Au mineralization in the BMZ ranges widely from 87-80 Ma.

- The structural-metallogenetic zone along the eastern margin of the BMZ is probably one of the
most prospective areas in Europe for exploration. The discovery testifies that even old and
presumably well-investigated mining areas may host significant ore deposits that await to be
found, in particular in deeper parts of the existing systems.

ACKNOWLEDGEMENTS

The research presented in this paper was done with the financial support of the Ministry of
Education, Science and Technological Development of the Republic of Serbia, within the funding
of the scientific research work at the University of Belgrade, Technical Faculty in Bor,
according to the contract with registration number 451-03-9/2021-14/ 200131.

REFERENCES

[1] Berza, T.; Constantinescu, E.; Serban-Nicolae, V. Upper Cretaceous Magmatic Series and Associated Mineralisation in the Carpathian-
Balkan Orogen. Resource Geology 1998, 48, 291-306. (DOI 10.1111/j.1751-3928.1998.tb00026.x)

[2] von Quadt, A.; Moritz, R.; Peytcheva, I.; Heinrich, C. Geochronology and geodynamics of Late Cretaceous magmatism and Cu-Au

mineralization in the Panagyurishte region of the Apuseni-Banat-Timok-Srednogorie belt, Bulgaria. Ore Geology Reviews 2005, 27, 95-
126. (DOI 10.1016/j.oregeorev.2005.07.024)

91



The 52™ International October Conference on Mining and Metallurgy, 29-30November 2021

(3]
[4]

(3]

(6]
(7]

(8]
[9]

[10]

(1]

[12]

[13]

[14]
[15]
[16]
[17]

(18]

[19]
[20]

(21]

[22]
(23]

[24]

[25]
[26]

[27]

(28]

Jankovi¢, S. The Copper Deposits and Geotectonic Setting of the Tethyan Eurasian Metallogenetic Belt. Mineralium Deposita 1977, 12,
37-47.

von Quadt, A.; Peytcheva, I.; Cvetkovi¢, V.; Banjesevi¢, M.; Kozelj, D. Geochronology, geochemistry and isotope tracing of the
Cretaceous magmatism of East-Serbia as part of the Apuseni-Timok-Srednogorie metallogenic belt. GeologicaCarpathica, 2002 53, 175-
177.

Clark, A.H.; Ullrich, T.D. 40Ar/39Ar age data for andesitic magmatism and hydrothermal activity in the Timok Massif, eastern Serbia:
implications for metallogenetic relationships in the Bor copper-gold subprovince. Mineralium Deposita 2004, 39, 256-262. (DOI
10.1007/s00126-003-0370-3)

Lips, A.; Herrington, R.; Stein, G.; Kozelj, D.; Popov, K.; Wijbrans, J. Refined timing of porphyry copper formation in the Serbian and
Bulgarian portions of the Cretaceous Carpatho—Balkan Belt. Economic Geology 2004, 99, 601-609. (DOI 10.2113/gsecongeo.99.3.601)
Zimmerman, A.; Stein, H.; Hannah, J.; Kozelj, D.; Bogdanov, K.; Berza, T. Tectonic configuration of the Apuseni—Banat—Timok—
Srednogorie Belt, Balkans—South Carpathians, constrained by high precision Re-Os molybdenite ages. Mineralium Deposita 2008, 43, 1-
21.(DOI 10.1007/s00126-007-0149-z)

Banjesevi¢, M. Upper Cretaceous magmatic suites of the Timok Magmatic Complex. Annales Geologiques De La PeninsuleBalkanique,
2010, 71, 13-22. (DOI 10.2298/GABP1071013B

Kolb, M.; von Quadt, A.; Peytcheva, 1.; Heinrich, C.A., Fowler, S.J.; Cvetkovi¢, V. Adakite-Like and Normal Arc Magmas: Distinct
fractionation paths in the East Serbian segment of the Balkan Carpathian Arc. Journal of Petrology 2013, 54, 421-451. (DOI
10.1093/petrology/egs072)

Gallhofer, D.; von Quadt, A.; Peytcheva, 1.; Schmid, S.M.; Heinrich, C.A. Tectonic, magmatic, and metallogenic evolution of the Late
Cretaceous arc in the Carpathian-Balkan orogen: Tectonics 2015, 34, 1813-1836. (DOI 10.1002/2015TC003834)

Knaak, M.; Marton, I.; Tosdal, R.M.; Van der Toorn, J.; Davidovi¢, D.; Strmbanovi¢, I.; Zdravkovi¢, M.; Zivanovi¢, J.; Hasson, S.
Geologic Setting and Tectonic Evolution of Porphyry Cu-Au, Polymetallic Replacement, and Sedimentary Rock-Hosted Au Deposits in
the Northwestern Area of the Timok Magmatic Complex, Serbia. Society of Economic Geologists, Inc., Special Publication 2016, 19, 1-
28.

Banjesevi¢, M.; Cvetkovi¢, V.; von Quadt, A.; Ljubovi¢Obradovié, D.; Vasié¢, N.; Pacevski, A.; Peytcheva, 1. 2019. New Constraints on
the Main Mineralization Event Inferred from the Latest Discoveries in the Bor Metallogenetic Zone (BMZ, East Serbia). Minerals,
Special Issue Mineral Deposits of Central Europe V.9, Iss. 11, 672.

Jankovié, S. Metallogenic features of copper deposits in the volcanointrusive complexes of the Bor district, Yugoslavia. In Monograph
European copper deposits, Jankovi¢, S., Sillitoe, R.H., Eds.; Society of Economic Geologists, Department for Economic Geology,
Faculty of Mining and Geology: Belgrade, Serbia, 1980; 42—49.

Jankovié, S. Types of copper deposits related to volcanic environment in the Bor district, Yugoslavia. GeologischeRundschau 1990, 79,
467-478.

Kozelj, D. Epithermal gold mineralization in the Bor metallogenic zone: Morphogenetic types, structural-texture varieties and
potentiality, Special ed.; Copper Institute: Bor, Serbia, 2002. (In Serbian)

Jelenkovi¢, R.; Milovanovi¢, D.; Kozelj, D.; Banjesevic, M. The Mineral Resources of the Bor Metallogenic Zone: A Review.
GeologiaCroatica 2016, 69/1, 143-155. (DOI 10.4154/GC.2016.11)

Klimentyeva, D.; Thomas, D.; von Quadt, A.; Ton¢i¢, T.; Heinrich, C. Silicate-replacive high sulfidation massive sulfide orebodies in a
porphyry Cu-Au system: Bor, Serbia. Mineralium Deposita, 2020, published online (DOI.org/10.1007/s00126-020-01023-2)

Banjesevi¢, M.; Large, D. Geology and mineralization of the new cooper and gold discovery south of Bor — Timok Magmatic Complex.
XVI Serbian Geological Congress, DonjiMilanovac, Serbia, 2014; Cvetkovi¢, V., Ed.; Serbian Geological Society: Beograd, Serbia,
739-740.

Canby, V.M.; Kozelj, D.; Naftali, L. ChukaruPeki Cu-Au deposit, Serbia, Discovery History, Geology and Ore Types. NewGenGold
2015 Conference in Perth, Australia, 2015.

Veloji¢, M.; Jelenkovié, R.; Cvetkovié, V. Fluid Evolution of the CukaruPeki Cu-Au Porphyry System (East Serbia) inferred from a
fluid inclusion study. GeologiaCroatica 2020, 73/3, 197-209. (DOI: 10.4154/g¢c.2020.14)

Ljubovi¢-Obradovié, D.; Carevac, 1.; Mirkovi¢, M.; Proti¢, N. Upper Cretaceous volcanoclastic-sedimentary formations in the Timok
Eruptive Area (eastern Serbia): new biostratigraphic data from planktonic foraminifera. GeologicaCarphatica 2011, 62/5, 435-446. (DOI
10.2478/ v10096-011-0031-x

DPordevi¢, M.; Banjesevi¢, M. Geology of northern part of the Timok Magmatic Complex, Booklet and Geological Map 1:50 000.
SaveznoMinistarstvo za privredu 1997, 171 str., Beograd (in Serbian).

DPordevi¢, M. Volcanogenic Turonian and epiclastics of the Senonian in the Timok Magmatic Complex between Bor and the Tupiznica
Mountain, eastern Serbia. Annales Geologiques De La PeninsuleBalkanique 2004-2005, 66, 63—71.

Banjesevi¢, M.; Pordevi¢, M.; Ljubovi¢-Obradovié¢, D.; Pokié¢, B. The composition and age of Borclastites from the B2 drill hole at
CukaruPeki. 46th International October Conference on Mining and Metallurgy, Bor lake. Bor 2014, Serbia. Eds: N. Strbac, D. Zivkovié,
S. Nestorovi¢, Proceedings, 61-65.

Dordevi¢, M.; Mihajlovié, S, Ljubovi¢-Obradovi¢, D.; Daji¢, S.; Banjesevi¢, M.; Zupanci¢, N. New details of the age and location of
Bor conglomerates and sandstones southwardly from Bor (east Serbia). Vesnik, A i B — Geologija 1994, 46, 169-176.

Zivkovié, P. Petrology and alterations of Coka Marin 1 ore deposit. MSc Thesis, Faculty of Mining and Geology, Belgrade University,
Belgrade, Serbia, 1987. (In Serbian)

Van der Toorn, J.; Davidovi¢, D.; Hadijeva, N.; Strmbanovié, 1.; Marton, I.; Knaak, M.; Tosdal, R.M.; Davis, B.; Hasson S. A new
sedimentary rock-hosted gold belt in eastern Serbia. 12th Biennial SGA Meeting — Mineral deposit research for a high-tech world,
Uppsala, Sweden, 2013; Jonsson, E., et al., Eds.; Society for Geology Applied to Mineral Deposits: Genéve, Suisse; 2, 691-694.
Pacevski, A.; Cvetkovié, V.; Sari¢, K.; BanjeSevi¢, M.; Hoefer, H.E.; Kremenovi¢, A.Manganese mineralization in andesites of
Brestovacka Banja, Serbia: evidence of sea-floor exhalations in the Timok Magmatic Complex. Mineralogy and Petrology 2016, 110/4,
491-502. (DOI 10.1007/s00710-016-0425-7)

92



ISBN 978-86-6305-119-5



