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GEOTEKTONSKA ČLENITEV “NEKDANJE JUGOSLAVIJE” 
 

prof. Rajko Pavlovec 
 
Za “nekdanji jugoslovanski” prostor je bilo narejenih več poskusov geotektonske razčlenitve. Večina se naslanja ali 

približuje razdelitvi, ki jo je leta 1961 objavil K. Petković. Razlike med razčlenitvami so predvsem v različi stopnji 
poznavanja in metodologiji vrednotenja geoloških podatkov.  

Dobra geotektonska razčlenitev nekega ozemlja sloni na poznavanju celotnega razvoja na prostoru ene 
geotektonske enote od prvih dogajanj do danes. Osnova je torej najprej skupno sedimentacijsko okolje, potem sledijo 
tektonski procesi, ki so ozemlje preoblikovali in razkosali. Dobra členitev upošteva petrološke, sedimentološke, 
biostratigrafske, tektonske podatke pa tudi izsledke geofizike in seizmologije. 

Prostor obsega mezozojsko-kenozojske strukture - Alpinide in sicer njihov severni orogen - Alpide in južni orogen 
Dinaride. K Alpidom spadajo deli Vzhodnih Alp na slovenskem ozemlju (Pohorje, Strojna, Kozjak in sosednji prostor) 
ter Karpato-Balkanidi v Srbiji. Ostali prostor “nekdanje Jugoslavije” pripada Dinaridom razen internidskih delov 
(Panonidi in Moravidi). 

Alpidi v Sloveniji (Vzhodne Alpe) vključujejo magmatske in metamorfne kamnine ter paleozojske, mezozojske'in 
kenozojske sedimente. 

Karpato-Balkanidi prihajajo na prostor vzhodne Srbije iz Romunije in se podaljšujejo v Bolgarijo. Na vzhodni 
strani jih loči od Mezijske plošče Perikarpatski šiv. Mezijska plošča, imenovana tudi Dakijska plošča, je s pritiskanjem 
na Karpato-Balkanide vplivala na njihovo strukturo. Zaradi tega je nastala zamotana tektonska zgradba; ki jo različni 
avtorji zelo različno interpretirajo. Dokaj podrobna so členili Karpato-Balkanide A. Grubić (1980) in B. Sikošek ter M, 
Vukašinović (1975). 

 
Enostavnejša je členitev na tri cone: Karpatikum je najzahodnejša s sistemom narivov, ki so se pomikali proti 

vzhodu in severovzhodu. Karpatikum je narinjen na Krajinikum, oba na najvzhodnejšo cono Balkanikum. Krajinikum 
je skoraj v celoti alohton. Glavna smer struktur v Karpato-Balkanidih je sever - jug, le v južnejšem delu se strukture 
obračajo proti jugovzhodu. 

Panonidi (Panonski masiv) leže severno od Dinaridov na prostoru Panonske nižine. V podlagi so predvsem 
magmatske in metamorfne kamnine, deloma celo predkambriþske, deloma paleozojske, nadalje metamorfne kamnine in 
sedimenti iz triasa in jure. V juri so nastajali tudi pelagični sedimenti, v kredi karbonatni, flišni in terigeni, v neogenu 
molasa. Prevladujejo strukture v smeri severovzhod - jugozahod in vzhod - zahod. Zasnova Panonidov je nastala.v 
varistični orogenezi. Pozneje so se pogrezali tektonski jarki, savski in dravski. Vmes so panonski hribi, ki jih navadno 
pojmujejo kot horst, v katerem so se dvignile mnoge stare kamnine. V tektonskih jarkih je do 6.500 m neogenskih 
sedimentov. V Panonidih so najpomembnejša ležišča nafte pri nas. 

Moravidi (ali Srbsko-makedonska masa) so internidske strukture, ki na zahodu omejujejo Karpato-Balkanide. 
Nastopajo v osrednji Srbiji in vzhodni Makedoniji. V njih je veliko magmatskih in metamorfnih kamnin, na katere je 
vplivala že assyntijska (bajkalska) orogeneza. Glavne strukture so nastale v varistični orogenezi, alpidska orogeneza pa 
je ozemlje dokončno oblikovala. V Moravidih je več grud in tektonskih jarkov. Velik je moravski tektonski jarek od 
izliva Morave v Donavo do Niša. Pogrezanje tega jarka je bilo zelo intenzivno v neogenu. Zato je v njem veliko 
neogenskih sedimentov. 

Šumadidi (tudi Vardarska cona) leže med Dinaridi in Moravidi. To je ozka geotektonska enota v smeri sever - 
jug. V makedonskem delu je ta cona močno naluskana, drugod je več grud. V Šumadidih nastopajo ofiolitni kompleksi, 
jurski, kredni, eocenski in oligocenski ter neogenski sedimenti pa tudi kvartarni nanosi. V juri, kredi, paleogenu in 
neogenu je bilo magmatsko delovanje. 

Zanimivo je vprašanje nadaljevanja Šumadidov proti severu, kakor je to prikazal M. Andjelković (1978). Večina 
geologov pa misli, da se Šumadidi podaljšujejo južno od Beograda proti severozahodu. 

Notranji Dinaridi. Največja geotektonška enota v “nekdanji Jugoslaviji” so Dinaridi. Pri njih ločimo Zunanje 
Dinaride (bliže Jadranu) in Notranje Dinaride v notranjosti proti Panonski nižini. M. Andjelković je leta 1978 ločil še 
Centralne Dinaride, ki naj bi nastajali v nekoliko drugačnem morskem bazenu kot Notranji in Zunanji Dinaridi. Večji 
del geologov prišteva ozemlje Centralnih Dinaridov kar k Notranjim Binaridom. 

V Notranjih Dinaridih nastopajo paleozojski terigeni in morski sedimenti, terigeni, karbonatni in vulkansko 
sedimentni trias, ofiolitno radiolaritna serija (diabazno roženčeva formacija; vulkansko sedimentna serija) jure in krede, 
terigeni flišni in karbonatni sedimenti zgornje krede, paleogenski fliš in neogenska molasa. Magmatske kamnine so 
nastajale v paleozoiku, triasu in juri, deloma tudi še v paleogenu in neogenu. 

Močnejša orogenetska premikanja so bila v juri in kredi. Takrat naj bi nastali nekateri veliki pokrovi, dolgi do 120 
km (npr. ibarski pokrov). Zaradi premikanja plošč so se drobili in kopičili deli morskega dna (vulkansko sedimentna 
serija, mešanica velikih blokov in manjših kosov različno starih kamnin). Ob koncu krede in v terciarju so bili 
horizontalni premiki. Neotektonika je ozemlje razdrobila na grude. 

V Notranjih Dinaridih so razni geologi ločili vrsto con, ki so naj popolneje razvite v Bosni in zahodni Srbiji. Proti 
jugovzhodu in zahodu njihovo nadaljevanje marsikje ni jasno. Te cone so od juga proti severu naslednje: cona 
paleozojskih skrilavcev in mezozojskih apnencev, centralna ofiolitna cona, notranja paleozojska cona, notranja-
dinarska cona. Tako je te cone v glavnem označil K. Petković. M. Andelković je podobne cone imenoval po rekah 
(savska, jadarska, ibarska, drinska, limska cona). 



Zunanji Dinaridi so v obalnem pasu. Vključujejo paleozojske, mezozojske in kenozojske karbonatne in klastične 
serije. Glavno gubanje je bilo v paleogenu in neogenu. Notranjo cono Zunanjih Dinaridov imenujejo Visoki kras, ki je 
delno narinjen na Jadransko-jonsko cono. V Visokem krasu prevladujejo sedimenti iz karbonatnega šelfa, v Jadransko-
jonski coni nastopa tudi fliš. Jadransko-jonsko cono imajo nekateri za paravtohton in je močno nagubana. To cono tudi 
zelo različno imenujejo (Dalmatinska cona in drugo). 

Na skrajnem južnovzhodnem delu države v Črni Gori je Budva-Cukali cona, ki se podaljšuje v Albanijo. Nekateri 
so jo ločili od Zunanjih Dinaridov kot posebno cono. V njej je zelo zamotana narivna zgradba. 

Južnozahodni del Istre pripada po mnenju D. Richterja (1974) Veronski plošči. To naj bi bil avtohton s krednimi in 
jurskimi karbonatnimi kamninami. B. Sikošek in W. Medwenitsch (1965) združujeta istrski paravtohton (avtohton?) in 
Jadransko-Jonsko cono v skupno enoto Adriatikum. 

 
Razčlenitev po M. Heraku (l986) 

M. Herak loči od obalnega pasu proti Panonski nižini naslednje pokrove: Adriatik, Epiadriatik, Dinarik, 
Supradinarik in Paradinarik. Pokrovi so se podrivali drug pod drugega. 

Adriatik vključuje strukture, nastale na jadranski karbonatni platformi, ki leži med strukturami Apeninov in 
Dinaridov.  

Epiadriatik obsega delno okranjene strukture, nastale iz kompleksov interplatformskega labilnega pasu z močnim 
poudarkom na pelagičnih kamninah. 

Dinarik obsega strukture iz dinarske karbonatne platforme. Značilen je najmlajši permij s kartbonatnimi, 
klastičnimi in evaporitnimi plastmi, ki prehajajo v spodnji trias. To je posledica zaključnih orogenetskih dogajanj, ob 
katerih so nastali. široki kopni in plitvomorski prostori. Nemirno srednjetriasno obdobje je čas pogrezanja in 
vulkanizma. Po umiritvi je nastala platforma, ki je ostala skozi ves mezozoik. 

Supradinarik vključuje strukture "notranjedinarskega pasu": To je platformska osnova, nastala ob alpidski 
orogenezi. Na koncu varistične orogeneze je bila ta osnova del večjega kontinentalnega prostora, ki so ga sestavljale 
metamorfne kamnine, paleozojski klastiti, triasne in liasne plitvomorske kamnine. Razpad platforme, nastanek 
"oceanskega" pasu, nato subdukcija in kolizija so bili vzrok za razne procese, ob katerih so nastajali ultramafiti, ofioliti, 
granodioriti, graniti, metamorfni kompleksi in večkratni vulkanizem. 

Paradinarik je začasna oznaka za metamorfne strukture v Moravidih, v delih Panonidov (slavonski hribi) in 
slovenskih Alpidih. To so večinoma predalpidske strukture. Zgornþa kreda je podobno razvita kot v Supradinariku. 

Adriatik subducira pod Epiadriatik, oba skupaj pod Dinarik. Vseh pet enot se je v glavnem pomikalo proti severu. 
Subdukcijski procesi so bili v dveh labilnih conah.Glavne spremembe v alpidski orogenezi so se začele v juri z 
razpadom platforme in z nastankom "oceanskega" pasu. Prišlo je do subdukcije, Na za.četku se ti prostori niso veliko 
ožili. Prostor Dinaridov se hitreje premikal potem, ko so deli izginjali v subdukcijski coni. Prišlo je do postopnega 
približevanja kontinentalnih mas in odpora struktur Paradinarika. To se je dogajalo že v kredni dobi. Vse večji odpor je 
povzročil nastanek nove subdukcijske cone v interplatformskem labilnem pasu, v katerem so deli Epiadriatika in 
Adriatika subducirali pod Dinarik. Ta proces se je začel na prehodu v paleogen. 
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Abstract

The central part of the Dinarides, unlike the northwestern and southeastern Dinarides, shows a consistent pattern in
the distribution of the large tectonostratigraphic units. From southwest (Apulia) to northeast, the following five main units
originating in different parts of the Mesozoic Tethys, can be distinguished: (1) Adriatic–Dinaridic carbonate platform
formations; (2) carbonate–clastic units (‘flysch bosniaque’) of the passive continental margin; (3) ophiolite-bearing
formations of the Dinaridic Ophiolite Zone, also containing radiolarites, greywackes and shales, including mélange
formations, and overstepped Late Jurassic to Cretaceous cover sequences; (4) active continental margin units represented
by Upper Cretaceous–Palaeogene trench sediments with blueschists, tectonized ophiolite mélange, Alpine medium-pressure
metamorphic rocks originated from Upper Cretaceous–Palaeogene sediments, and Alpine synkinematic granitoids; (5) a
nappe consisting of allochthonous Palaeozoic–Triassic formations which is thrust onto the ophiolites and genetically related
sedimentary formations. The frontal parts of this nappe directly overlie the northeastern margin of the Adriatic–Dinaridic
carbonate platform, i.e. the External Dinarides.

The evolution of the Central Dinarides was controlled by a sequence of tectonic events which took place within
the Alpine cycle: (1) Rifting processes lasting some 40–50 Ma which started in the Late Permian and ended in the
Norian. (2) Opening of the oceanic Dinaridic Tethys commenced in the Late Triassic and persisted for some 70–80
Ma until the end of the Jurassic. (3) Subduction processes and emplacement of ophiolites started in Late Jurassic–Early
Cretaceous times; during the closing phase of the ‘Dinaridic Ocean’ (or Dinaridic Tethys) the Palaeozoic–Triassic nappe
was emplaced on the ophiolites. The thrusting was accompanied by Alpine metamorphism (120–100 Ma). (4) The
main Alpine deformational event and medium-pressure metamorphism with synkinematic granite plutonism took place in
Late Eocene–Early Oligocene times when the ophiolite and Palaeozoic–Triassic nappes were emplaced on the Adriatic–
Dinaridic carbonate platform which, at the same time, was deformed resulting in the development of the External Dinarides
fold-and-thrust belt.  1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Dinarides form a complex fold, thrust and
imbricate belt which developed along the northeast-
ern margin of the Adriatic (Dewey et al., 1973) or

Ł Corresponding author.

Apulia microplate (Ricou et al., 1986; Dercourt et
al., 1993). They may be considered as representing
the ‘southern branch’ of the Alpine–Mediterranean
orogenic belt. The Dinarides, which can be traced
along-strike for about 700 km, merge in the north-
west with the Southern Alps and in the southeast
with the Hellenides.
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Fold, thrust and imbricate structures have NW–SE
strike with a southwest-directed transport direction
over most parts of the Dinarides, particularly in their
central parts. Only in the Mts. Prosara, Motajica
and Majevica of the northernmost Dinarides (Fig. 2),
which are mainly covered by the Tertiary fill of the
Pannonian Basin, are north and northeast verging
fold and thrust structures evident.

The northwesternmost and southeasternmost parts
of the Dinarides, close to the Adriatic microplate and
Moesian platform, do not exhibit the same regular
structural pattern as the Central Dinarides (Fig. 1).
In the area west of the Zagreb–Zemplen Line, in
Slovenia and adjacent Hrvatsko Zagorje, the struc-
tures deflect into a WNW–ESE strike, controlled by
the Periadriatic Line. Here, the main units of the Inter-
nal Dinarides are largely covered by the Sava nappe,
composed of upper Palaeozoic and Triassic forma-
tions (Mioč, 1984). In this area, for example, the

Fig. 1. Simplified geological sketch-map of the Dinarides and surrounding areas after Pamić (1993). 1 D External Dinarides; 2 D Internal
Dinarides; 2a D internal units of the Albanides; 3 D Vardar zone sensu lato; 3a D Vardar zone sensu stricto (Kossmat, 1924); 4 D
Eastern Alps; 5 D Pelso megatectonic unit; 6 D Tisia megatectonic unit; 7 D Carpathians and Balkan; 8 D Serbo-Macedonian Massif; 9
D Pelagonides including the Korab zone; 10 D presumed relict subduction zone of the Dinaridic Tethys. Shaded area is shown in more
detail in Fig. 2. Large faults: PL D Periadriatic Line; ZZ D Zagreb–Zemplen; SA D Sarajevo; SP D Skadar–Peć.

Dinaridic ophiolites, are absent. Similarly, geologi-
cal relations are also very complex in the easternmost
Dinarides, adjacent to the Carpathians. Here, the main
structures deflect in a NNW–SSE strike with western
vergences; the internal Dinaridic units are covered by
allochthonous Palaeozoic–Triassic formations, which
in many aspects appear to correlate with the Sava
nappe of the northwestern Dinarides.

The following discussion focuses on the Cen-
tral Dinarides, which will be considered as a
‘closed system’, bounded in the northwest by the
Zagreb–Zemplen Line and in the southeast by the
allochthonous Golija (Rampnoux, 1970) and the
Drina–Ivanjica units (Dimitrijević, 1982), consisting
of Palaeozoic–Triassic formations.

Numerous papers have been published on the geo-
tectonic and geodynamic evolution of the Dinarides.
For a review the reader is referred to Herak (1986).
Dercourt (1970) gave a first modern geodynamic
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interpretation of the Dinarides and subsequently
many large-scale plate tectonic interpretations of the
Alpine–Himalayan belt have addressed also the evo-
lution of the Dinarides (Dewey et al., 1973; Ricou et
al., 1986; Dercourt et al., 1993; and others).

The aim of this paper is to give an interpretation
of the Central Dinarides, that is mostly based on our
own data and compilation by Pamić et al. (1996),
Herak (1997), and Pamić and Jurković (1997).

2. The main large tectonostratigraphic
(lithologic) units of the Central Dinarides

The largest part of the Central Dinarides, de-
spite their complex fold, thrust and imbricate struc-
ture, is characterized by a regular zonal pattern in
the spatial distribution of characteristic Mesozoic–
Palaeogene tectonostratigraphic units which devel-
oped during the Alpine evolution in the Dinaridic
parts of the Tethys (Pamić, 1993). From the south-
west to the northeast, i.e. from the Adriatic mi-
croplate toward the Pannonian Basin, the follow-
ing tectonostratigraphic units, originating in dif-
ferent Tethyan environments, can be distinguished
(Fig. 2): (1) Adriatic–Dinaridic carbonate platform
(ADCP) — the External Dinarides; (2) carbonate–
clastic sedimentary rocks, in some places with fly-
sch signatures, of the passive continental margin
of the Dinaridic Tethys; (3) ophiolites associated
with genetically related sedimentary formations (the
Tethyan open-ocean realm); (4) sedimentary, igneous
and metamorphic units of the Eurasian active con-
tinental margin which have been included by some
authors (Dimitrijević, 1982; and others) into the Var-
dar zone sensu lato; the tectonostratigraphic units 2
to 4 define the Internal Dinarides, also referred to as
the Supradinaricum (Herak, 1986); (5) Palaeozoic–
Triassic nappes which are thrust onto the Internal
Dinarides units; their frontal parts directly overlie
the northeastern margin of the ADCP. This complete
and regular system of Tethyan lithostratigraphic units
cannot be found in the northwestern Dinarides, ad-
joining the Southern Alps and the Eastern Alps,
and in the southeastern Dinarides, adjacent to the
Carpathians (Fig. 1), where the Internal Dinarides
units are largely covered by the Palaeozoic–Triassic
nappes.

Data obtained by geophysical prospecting along
the Mt. Mosor–Derventa profile (Fig. 3), which tra-
verses the central parts of the area under considera-
tion, indicate that in the external parts of the Central
Dinarides sediments attain a thickness of 8–13 km.
Further to the north, their thickness is about 8–10
km in the area adjoining the carbonate–clastic com-
plex of the Alpine passive continental margin and the
Dinaridic ophiolite complex. In the area of the north-
ernmost Dinarides and the South Pannonian Basin,
the thickness of sedimentary rocks is only about 4–5
km. Similarly, the crust–mantle boundary rises from
about 40–45 km beneath the External Dinarides to
28–25 km beneath the Dinaride Ophiolite zone and
to less than 25 km beneath the South Pannonian
Basin (Dragašević, 1977).

Surficial parts of the Central Dinarides are charac-
terized by imbricate thrust structures which display a
distinct southwesterly vergence (Fig. 3). Apart from
small-scale tectonic complications, the tectonostrati-
graphic units 1 to 4 are thrust one over the other,
with the External Dinarides at the bottom and the
Posavina terrane, the most internal unit related to the
active margin, at the top. According to this inter-
pretation, however, the position of the allochthonous
Palaeozoic–Triassic nappes (unit 5) remains ambigu-
ous, as the bulk of these nappes is geographically
located between the External and Internal Dinarides.

2.1. The Adriatic–Dinaridic carbonate platform
(ADCP)

The ADCP is composed of numerous lithostrati-
graphically different sequences which can be subdi-
vided into three main groups (column A in Fig. 4):

(a) The upper Palaeozoic complex (not shown in
Fig. 4) includes the post-Variscan overstep sequence
overlying an unknown Variscan basement. The se-
quence is represented by Moscovian limestone which
is overlain by Kassimovian sandstone and Gschelian
Auernig beds. The Permian starts with the Ratten-
dorf Limestone, interlayered with shale and overlain
by sandstone (Kochansky-Devidé, 1973; Kochansky-
Devidé and Ramovš, 1979).

(b) The Upper Permian to Norian clastics and
platform carbonates with penecontemporaneous rift-
related igneous rocks (the complex is labelled
Epeiric Sea in Fig. 4, column A) are the products of



254 J. Pamić et al. / Tectonophysics 297 (1998) 251–268

Fig. 2. Geological map of the Central Dinarides. 1 D Palaeogene–Neogene overstep sequences. 2 D Tertiary volcanics. Active continental
margin: 3 D Mesoalpine metamorphic rocks; 4 D Mesoalpine granitoids; 5 D Upper Cretaceous–Palaeogene flysch; 6 D Dinaridic
Ophiolitic zone; 7 D Late Jurassic–Late Cretaceous sequences unconformably overlying ophiolites; 8 D large ultramafic massifs; 9 D
radiolarite sequence. Passive continental margin: 10 D Jurassic–Cretaceous sequences (‘flysch bosniaque’ and ‘zone prekarstique’); 11
D Adriatic–Dinaridic carbonate platform. Palaeozoic–Triassic Nappe: 12 D allochthonous Triassic sequences; 13 D Triassic volcanic
and plutonic rocks; 14 D allochthonous Palaeozoic sequences; 15 D Palaeozoic volcanics. Tisia: 16 D Hercynian progressively
metamorphosed sequences; 17 D Hercynian granitoids and migmatites. 18 D normal fault; 19 D strike-slip fault; 20 D intra-terrane
thrust; 21 D inter-terrane thrust; 22 D windows of ophiolite mélange and radiolarites; 23 D downthrown block; 24 D position of the
cross-section shown in Fig. 3. Large faults: BL D Banja Luka; NMSF D northern marginal Sava fault; OO D ophiolite overthrust; PTO
D Palaeozoic–Triassic overthrust; SA D Sarajevo; SMDF D southern marginal Drava fault; SMSF D southern marginal Sava fault; ZZ D
Zagreb–Zemplen. Mountains: B D Borje; K D Kozara; Ko D Konjuh; M D Motajica; Ma D Majevica; Mbm D Mid-Bosnian Schist Mts.;
Md D Medvednica; Mg D Moslavačka gora; Oz D Ozren; P D Prosara; Sm D Slavonian Mts.; V D Varda; Vu D Vučjak; Ž D Žumberak.
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the initial stages of rifting processes related to the
Alpine cycle. A precise boundary between the end of
the Variscan cycle and the beginning of the Alpine
cycle has not yet been defined and is likely to vary
in different parts of the Dinarides. Generally, this
boundary coincides with the Murgabian, as proposed
by Baud et al. (1993).

The complex consists of a variegated sequence,
with local variations and a plethora of formational
names transferred from the Carnian Alps (Rattendorf
Limestone, Trogkofel Limestone, etc.), deposited in
a shallow epeiric sea. Generally, shelf clastics pre-
dominate in the lower part (including the Scythian)
and platform carbonates in the upper part of the
sequence (Middle and Upper Triassic). In some ar-
eas the carbonates are interlayered with chert, shale,
pyroclastic and volcanic rocks, particularly during
the Ladinian. In Gorski Kotar, uplift of a possi-
ble rift-shoulder block caused the lack of Middle
Triassic sediments (Babić, 1968). In most areas, La-
dinian and=or Anisian carbonates terminate with a
karstic surface with bauxite deposits overlain dis-
conformably by reddish-to-violet clastic Raibl Beds
(with terrestrial flora, etc.). Locally, however, the
Middle Triassic carbonates are conformably overlain
by Carnian and Norian limestones and dolomites. In
Norian times a long-lasting carbonate platform was
finally established over the entire area.

(c) The Norian–Lutetian carbonate platform
starts with Norian–Rhaetian peritidal stromatolitic
dolomite (‘Hauptdolomit’), which only in some
places overlies the Raibl Beds. Stable and shal-
low-marine environments continue into the Jurassic
and Cretaceous. Interrupted by several pelagic incur-
sions and short emersions (Fig. 4, column A), the
carbonate platform regime lasted until the Lutetian
transgression.

The most complete Jurassic–Cretaceous succes-
sions crop out on the central Dalmatian islands and
in Hercegovina (Papeš, 1985; Slišković, 1974/75).
Here, the Upper Cretaceous platform successions
are interrupted by a Campanian emersion and two
pelagic episodes (early Turonian and late Santonian)
and, finally, were terminated by an emersion as late
as the end of the Maastrichtian and the Paleocene,
respectively (Gušić and Jelaska, 1990, 1993; Jelaska
et al., 1994). For the last time, platform conditions
were restored in the Lutetian (Ćosović et al., 1994),

immediately preceding the final termination of the
carbonate platform environments.

(d) Overstep sequences. Eocene flysch sequences
were deposited in four isolated basins starting from
Istria in the northwest to Hercegovina in the south-
east (Marinčić, 1981). The Oligocene–Neogene mo-
lasse-type Promina beds (Marjanac and Ćosović,
1996) either overlie the Eocene flysch or they uncon-
formably cover various Cretaceous and Palaeogene
carbonates.

The post-Eocene ‘Jelar Breccia’, composed of
fragments of Mesozoic–Eocene carbonate rocks,
commonly without bedding or any internal organi-
zation (Bahun, 1974; Herak and Bahun, 1979), was
deposited in neo-autochthonous pull-apart basins.

2.2. Passive continental margin carbonate–clastic
tectonostratigraphic unit (‘flysch bosniaque’)

Rocks of this large tectonostratigraphic unit are
best exposed in the area between transverse faults
near Sarajevo and Banja Luka (SA and BL in Fig. 2).
Here, this unit is bounded to the northeast by the
Dinaride Ophiolite zone and to the southwest by the
Palaeozoic–Triassic nappe. More to the east and the
west, stratigraphically older parts of this unit also
occur in comparatively small tectonic windows be-
low the Palaeozoic–Triassic nappe (Fig. 2). Rocks of
this tectonostratigraphic unit are likely to be uncom-
formably underlain by Triassic carbonates and Up-
per Permian clastics originally related to the ADCP
(Fig. 4, columns B,C).

This large tectonostratigraphic unit is composed
of Jurassic to Late Cretaceous clastic and carbonate
sequences, up to 4000–5000 thick, which were de-
posited on the continental slope of the ADCP and at
its foot (Fig. 4, right part of columns A,B,C). This
passive margin unit corresponds in the Central Dinar-
ides to the ‘flysch bosniaque’ and the ‘zone prekars-
tique’ of the French geologists (Aubouin et al., 1970;
Blanchet, 1975) or to the ‘Sarajevo–Banjaluka fly-
sch’ (Pamić et al., 1975; Mojičević et al., 1979) and
probably to the Slovenian trough in the northwestern
Dinarides (Cousin, 1972).

The Jurassic to Late Cretaceous sequences in-
clude two main lithostratigraphic groups.

(a) The Jurassic to Senonian series is mainly com-
posed of bedded micrite, marly and sandy micrite
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and calcite shale in its lower parts and of massive
to bedded micrite, interlayered by shale and marly
shale, in its upper parts. Only in some areas, is a fly-
sch signature evident. In the northeastern parts of the
terrane, adjoining the Dinaride Ophiolite zone, are
flysch sequences interlayered by radiolarite, shale
and micrite, indicating intermittent breaks during
turbidite sedimentation and the influence of the dis-
tal pelagic environments reflecting several pelagic
incursions (Fig. 4, columns B,C).

Rocks from the lower parts of the sequences con-
tain Liassic ammonoids, but conformably underlying
non-fossiliferous sediments could be of Late Triassic
age. The middle parts of this sequence are character-
ized by Calpionella limestone, whereas limestones
from its upper parts contain Early Cretaceous to
Senonian index microfossils.

(b) The Late Upper Cretaceous series, attaining
thicknesses of up to 2000 m, is composed of typical
carbonate flysch (Fig. 4, right part of column A).
Individual turbidite sequences, which are commonly
up to 10 m thick, are composed mostly of fossil-
iferous calcirudite and calcarenite with subordinate
sandy and marly micrite, calcite shale and shale.
Limestone olistostromes are also common. In some
areas the carbonate flysch has yielded Palaeogene
index microfossils.

2.3. The Dinaridic Ophiolite zone (DOZ)

Ophiolites associated with genetically related sed-
imentary sequences represent the most characteristic
and widespread units of the Internal Dinarides. The
DOZ consists of: (a) Mesozoic radiolarite sequences
with basalt (Pamić, 1982); (b) greywacke and shale
and an ophiolite mélange (Dimitrijević and Dimitri-
jević, 1973); (c) ophiolites represented mostly by
ultramafic rocks (Pamić, 1964, 1982, 1997; Ma-
jer, 1975; and others); and (d) Late Jurassic–Early
Cretaceous and Late Cretaceous overstep sequences
(Fig. 4, columns D,E).

The allochthonous Palaeozoic and Triassic se-
quences, which are thrust onto the ophiolites, will be
described separately.

(a) Mesozoic radiolarite sequences, up to 800
m thick with basalt interflows, build up a narrow
discontinuous zone located along the southwest-
ern margin of the DOZ. The eastern parts crop

out in tectonic windows beneath the Palaeozoic–
Triassic thrust sheet (Fig. 2). Radiolarites alternate
with shales and micrite which are interlayered with
basalt. The radiolarite sequences cover a large strati-
graphic interval, spanning Middle–Late Triassic up
to Early Cretaceous times (Pamić, 1982). The radi-
olarite formation of the Internal Dinarides correlates
with the Krasta–Cukali zone in Albania (Aubouin et
al., 1970).

(b) Greywacke and shale, ophiolite mélange. In
tectonically undisturbed profiles, this complex is
characterized by the interlayering of black shale
and greywacke with occasional slumps and basalt
flows. In some places these flows are capped by
thin radiolarites. In turn, larger volcanic bodies are
interlayered by shale, greywacke and radiolarite.

Most commonly, this mélange complex is a
chaotic unit and makes up most of the DOZ. The
mélange is characterized by a shaley–silty matrix in
which fragments of native greywacke predominate
over basalt and tuff, both of them at least partly in-
digenous, diabase, gabbro, serpentinized peridotite,
shale, radiolarite, and exotic blocks of Middle Trias-
sic to Upper Jurassic carbonates, deposited in a va-
riety of environments. In outcrops where the matrix
predominates over small millimetre- to centimetre-
sized fragments, the mélange looks like a conglomer-
ate or breccia and, in fact, represents an olistostrome.
In the eastern part of the DOZ the mélange crops out
in tectonic windows beneath the Palaeozoic–Triassic
nappe (Fig. 2).

Limited microfossil and palynomorph control
indicate a Jurassic to Early Cretaceous age for
greywackes and shales.

(c) Ophiolites, commonly dismembered to vari-
ous degrees, are represented by basalt-diabase, gab-
bro and peridotite. In the Mt. Varda area, in eastern
Bosnia, an undisturbed oceanic fragment, about 3
km thick, is preserved. It includes a complete se-
quence from tectonic peridotite, ultramafic cumu-
lates, gabbro cumulates, sheeted diabase to basaltic
lava (Pamić and Desmons, 1989).

The peridotite ranges from decametre- to kilome-
tre-sized blocks, included in the ophiolite mélange,
to large massifs (100–500 km2) which represent
faulted sheets, a few hundred to two thousand metres
thick, thrust onto the mélange. Most peridotites are
lherzolites, serpentinized to various degrees. Larger
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ultramafic massifs are commonly conformably un-
derlain by granulite to amphibolite facies mafic rocks
which are, locally, associated with eclogites.

Gabbro and massive or sheeted diabase build up
small bodies, up to 20 km2, commonly accompanied
by ultramafic bodies. Basalt (mostly spilite) occurs
at the top of the preserved ophiolite sequences or as
interlayered flows in greywacke and shale or radio-
larite. It is also found as fragments in the mélange.
Quite small masses of alkali-feldspar granites (pla-
giogranites) occur rarely.

Radiometric measurements from sheeted diabases
yielded K–Ar ages of 185–180 Ma and 170–160 Ma
from amphibolites conformably interlayered with
peridotites (Pamić, 1982, 1997). A Sm–Nd isochron
of 136 Ma was obtained on lherzolites from the
eastern part of the DOZ (Lugović et al., 1991).

The Dinaridic ophiolites and genetically related
sedimentary formations can be correlated with the
ophiolites from the Mirdita zone of Albania (Shallo,
1994).

(d) Late Jurassic–Early Cretaceous and Late Cre-
taceous overstep sequences. In the eastern and cen-
tral parts of the DOZ, the ophiolite mélange, in-
cluding large ultramafic massifs, is unconformably
overlain by Late Jurassic–Early Cretaceous to Late
Cretaceous sequences about 1000–2000 m thick.
These sequences are contained in kilometre long
synclines and are composed mostly of unsorted shal-
low-marine conglomerates and breccias, containing
fragments of re-deposited ophiolites and reddish
Variscan(?) granites, which grade into lithic sand-
stone with subordinate calcite shale, that laterally in-
terfinger with Tithonian–Berriasian limestone. Some
of these synclines contain Senonian bedded lime-
stone sequences, with large deposits of bauxite and
Ni-bearing iron ores at their base.

2.4. Formations related to the active continental
margin (Posavina terrane, NW continuation of the
Vardar zone)

The formations related to the active continen-
tal margin were deposited in a trench and in front
of a presumed magmatic arc. Along this structure,
subduction-related sedimentary, magmatic and meta-
morphic processes took place. This, in fact, marks
a suture zone located along the northern margin

of the Dinaridic branch of the Tethys ocean. This
Posavina terrane, which is heavily masked by the
Tertiary cover of the South Pannonian Basin, is com-
posed of the following units: (a) Late Cretaceous
to Palaeogene flysch sequences with volcanics; (b)
tectonized ophiolite mélange; (c) regionally meta-
morphosed sequences originating from surrounding
Late Cretaceous–Palaeogene rocks; (d) synkinematic
granitoids (Fig. 4, column F).

(a) Cretaceous–Palaeogene sequences. The old-
est parts, which are poorly preserved, are repre-
sented by Lower Cretaceous to Turonian limestone,
shale, calcite shale, sandstone and breccia. In some
places, these are conformably overlain by lower
Senonian shale, marly shale, siltstone, and lime-
stone interlayered with basalt, rhyolite and pyroclas-
tic rocks. Rare fragments of pre-Upper Cretaceous
blueschists are found (Majer and Lugović, 1992).
Much more predominant are conformably overly-
ing upper Senonian–Palaeogene sedimentary rocks
consisting mainly of turbidites (Jelaska, 1978).

The flysch, starting in the Maastrichtian, con-
sists of individual graded sequences, commonly a
few metres thick, and attains maximum thickness of
2000 m. The flysch is composed mostly of sandstone
and shale in its older parts (Maastrichtian and Pa-
leocene). Calcite shale, calcareous sandstone, sandy
limestone, and limestone predominate in its younger,
Early to Middle Eocene, parts. At the top, the fly-
sch is conformably capped by late-Middle Eocene
limestone (Jelaska, 1978).

(b) Tectonized ophiolite mélange is in some
places unconformably overlain by Late Cretaceous–
Palaeogene sequences. The shaley–silty matrix of
the mélange is pervasively and strongly sheared and
includes almost the same fragments as the olis-
tostrome mélange of the DOZ, but includes exotic
blocks of Upper Cretaceous and Paleocene lime-
stones which have not been found in the mélange of
the DOZ. However, the tectonized ophiolite mélange
never includes larger bodies of ophiolites and partic-
ularly no peridotites (Pamić, 1982, 1997).

(c) Regionally metamorphosed sequences. In
the northern parts of the Posavina terrane, Up-
per Senonian–Palaeogene sedimentary and vol-
canic rocks with tuffs were progressively metamor-
phosed into slate, phyllite, greenschist, metasand-
stone, quartz-muscovite schist, gneiss, amphibolite
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and marble. Metamorphism took place under very
low-, low- and medium-grade P–T conditions (Pamić
et al., 1992).

In the slates and phyllites, a Late Cretaceous–
Palaeogene microflora was determined (Pantić and
Jovanović, 1970). K–Ar ages obtained on low- and
medium-grade rocks range between 48 and 38 Ma
(Lanphere and Pamić, 1992).

(d) Synkinematic granitoids occur in progres-
sively metamorphosed sequences as veins and small-
to medium-sized plutons which are more common in
the subsurface than at the surface, as indicated by
geophysical prospecting data. Rb–Sr measurements
obtained on the Motajica S-type granitoids yielded a
Sr-isochron age of 48 Ma (Pamić, 1993).

Based on the common occurrence of formations,
representing trench sediments, as well as of Ter-
tiary volcanics and ophiolite mélange, related to
a magmatic arc behind the subduction zone, the
Posavina terrane can be correlated with the Var-
dar zone. Palaeogeographically, the Posavina terrane
and the Vardar zone probably represented one and
the same unit. However, their palaeogeographic con-
nection is concealed in the eastern Dinarides by
the Palaeozoic–Triassic nappes of the Golija zone
(Rampnoux, 1970), located close to the Moesian
platform. In the final stages of the Alpine evolution
of the Dinaridic Tethys, the Posavina terrane, includ-
ing the Vardar zone, may have represented its active,
consuming margin, related to the Eurasian plate.

2.5. Allochthonous Palaeozoic and Triassic
tectonostratigraphic unit (Palaeozoic–Triassic
nappes)

Parts of this allochthonous NW–SE-stretching
unit occur between the Internal and External Di-
narides (Figs. 1 and 2). This allochthonous zone,
which is thrust over the northeastern margin of the
ADCP, represents the southeastern prolongation of
the Sava nappe of Slovenia and northern Croatia
(Mioč, 1984; Pamić, 1993) and corresponds to the
Durmitor nappe of the southeastern parts of the Di-
narides (Nopcsa, 1928). On the other hand, Miladi-
nović (1974) included the allochthonous Palaeozoic–
Triassic sequences, thrust onto the Dinaride Ophi-
olite zone, in his Pannonian nappe. This author
was of the opinion that the roots of this nappe

are located somewhere to the north of the Dinar-
ides, in the Pannonian Basin. Recently, Bleahu et
al. (1994) presented lithostratigraphic evidence in-
dicating that the allochthonous Triassic unit, which
occurs as scattered masses throughout the Pannonian
Tisia block, is derived from the northern Tethyan
margin. However, it is a big question if the al-
lochthonous Palaeozoic–Triassic Golija unit (Ramp-
noux, 1970), which is close to the Moesian margin,
can be palaeogeographically correlated with the Sava
nappe, which is thrust over the northeastern margin
of the ADCP. In order to avoid a confusion about
terminology, Pamić and Jurković (1997) grouped all
allochthonous Palaeozoic–Triassic sequences thrust
onto the Internal Dinaride units and the northeastern
margin of the ADCP into the ‘Palaeozoic–Triassic
nappes’. This large allochthonous structure contin-
ues through the southeastern Dinarides into Albania
where it probably corresponds to the Korab zone
(Aubouin and Ndojaj, 1962).

The Palaeozoic–Triassic nappe is composed of:
(a) Palaeozoic sequences (Živanović and Sofilj,
1977; Jurić et al., 1979; Šikić et al., 1990); and (b)
Permo–Triassic to Lower Jurassic, mostly carbonate
sequences (Papeš, 1985; and others).

(a) Palaeozoic metamorphic sequences occur in
four isolated areas in the northwestern, middle, east-
ern and southeastern parts of the Central Dinarides
(Fig. 2).

The early Palaeozoic of the southeastern Palaeo-
zoic area is represented by phyllite, schistose meta-
sandstone with lidite (phtanite) and crystalline lime-
stone overlain by slate, phyllite and Devonian re-
crystallized reefal limestone. The Silurian and De-
vonian of the Mid-Bosnian Schist Mts., which
shows a higher degree of metamorphism, is com-
posed of phyllite, mica schist, calc-schist, chloritoid
schist, graphite-quartz schist, schistose metasand-
stone and subordinate limestone and dolomite with
penecontemporaneous rhyolite, mostly transformed
into greenschist.

In other Palaeozoic terranes, more widespread
upper Palaeozoic rocks of Early and Late Carbonif-
erous age are represented mostly by slate, phyllite,
schistose metasandstone with subordinate crystalline
limestone, dolomite, lidite, and conglomerate, rarely
interlayered by a few metre thick metabasalts and
tuffs.
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In some areas Devonian–Carboniferous se-
quences are unconformably overlain by the Late
Permian limestones (sometimes with Bellerophon),
porous limestones (‘Zellenkalk’), gypsum-anhydrite,
slate, quartz sandstone, breccia, reddish conglomer-
ate, sandstone and slate (‘the red beds’) which grade
into the Scythian. These Late Permian formations do
in fact mark the onset of the Alpine cycle (Pamić,
1984).

There is no evidence of Hercynian deformations
and metamorphism in these sequences. Only in those
Palaeozoic areas which include larger masses of
igneous rocks, have greenschist facies metamorphic
rocks been recognized.

(b) Triassic formations conformably overlie Up-
per Permian sediments. The largest and best-known
Triassic formations of the Dinarides, which devel-
oped under carbonate platform conditions, form part
of the Palaeozoic–Triassic nappe.

The oldest Scythian sediments are represented
by reddish sandstone and shale (‘the Seis beds’)
conformably overlain by shale, calcite shale, and
limestone (‘the Campil beds’), in some places oolitic
at the top. In some areas, the Scythian is represented
by monotonous whitish to yellowish sandstone.

The Middle and Late Triassic series of the
Palaeozoic–Triassic nappe show facies variations.
In all the stages they may be represented by
monotonous platform limestones and dolomites
(mountains nearby Sarajevo). In the area adjoin-
ing Bosnia and Hercegovina, all three Anisian zones,
including the Han Bulog ammonite limestone, are
conformably overlain by Ladinian shale, calcite
shale, limestone and chert, interlayered with co-
eval volcanic and pyroclastic rocks. However, in
the northwestern part of the area under discussion,
this volcanic–sedimentary facies continues up to the
Norian Megalodon limestone. In these areas, Up-
per Permian, Scythian and Anisian sediments are
intruded by penecontemporaneous plutonic rocks. In
the Sarajevo area, all three Anisian zones are con-
formably overlain by Ladinian and Carnian platy
limestone and dolomite with chert interlayers in the
form of lenses and nodules, as well as by Norian
and Rhaetian limestone and dolomite. In southern
Bosnia, the Anisian is represented by massive al-
gal limestone which is overlain by the Ladinian
volcanic–sedimentary formation and by Upper Tri-

assic limestone and dolomite, the lower parts of
which contain greenish shale and calcite shale inter-
calations.

Only in a few areas (Žumberak, eastern Bosnia),
are the Late Triassic formations conformably over-
lain by Lower Jurassic limestone, in some places in
‘Ammonitico Rosso’ facies.

Triassic magmatism was dominantly of an inter-
mediate character and produced basalts, andesites
and dacites, mainly transformed into spilites, kerato-
phyres and quartz keratophyres at extrusive levels,
and gabbro, diorite, granosyenite and granite at in-
trusive level. The acid and intermediate rocks display
calc-alkaline affinity, whereas the basic rocks show
distinct tholeiitic affinity.

Therefore we conclude that this magmatic activity
was of a rift-induced intraplate nature with crustal
contamination accounting for the calc-alkaline com-
position of intermediate rocks.

In some terranes the rocks of the allochthonous
Palaeozoic–Triassic formations were affected by
Early Cretaceous greenschist facies metamorphism
dated at 139–129 Ma in the area of the Drina
River (Milovanović, 1984), 121–95 Ma in the Mid-
Bosnian Schist Mountains (Palinkaš et al., 1996) and
123–116 Ma in Mt. Medvednica (Belak et al., 1995).
All these ages were obtained on mineral concentrates
and whole-rock samples using the K–Ar method.

The Palaeozoic–Triassic formations from the
northeastern parts of the investigated area are in-
cluded in the northern parts of the allochthonous
Golija zone of Rampnoux (1970) which has been
subsequently referred to as the Drina–Ivanjica mi-
crocontinent (Dimitrijević, 1982; Robertson and
Karamata, 1994), separating the oceanic Vardar zone
(part of the Posavina terrane) from the Dinaride
Ophiolite zone which correlates with the Mirdita
and the Subpelagonian troughs of the Hellenides.
Most recently, Channel and Kozur (1997) gave a
similar interpretation in which the Vardar ocean
in the east and ‘other oceanic remnants’, i.e. the
Dinaride Ophiolite zone, in the west were sepa-
rated by the Median Massif, i.e. the Pelagonian
plus the Drina–Ivanjica microplate. However, the
allochthonous Permo–Triassic series form evidently
parts of a major nappe, because in numerous ar-
eas the Dinaridic ophiolites and associated cogenetic
sedimentary formations occur in smaller or larger
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tectonic windows beneath it (Fig. 2). It is for this
reason that we propose an alternative hypothesis ac-
cording to which both the Dinaridic ophiolites and
the Vardar zone ophiolites (part of the Posavina ter-
rane in our area) form parts of one single Ophiolite
belt, which originated from only one oceanic basin
and not from two separate Tethyan basins. In the area
close to the Serbo-Macedonian Massif and the Moe-
sian platform, this belt is largely concealed under
this large Palaeozoic–Triassic nappe.

3. Discussion

Palaeozoic formations included in the ADCP
and the Palaeozoic–Triassic nappe originated in the
late Palaeozoic Palaeotethys. Palaeogeographically,
these formations were genetically related to the
Palaeotethyan passive continental margin (Stampfli
and Pillevuit, 1993). The pristine palaeogeographic
position of the allochthonous Palaeozoic–Triassic
nappe system in the Golija zone of the eastern parts
of the Internal Dinarides, close to the Moesian plat-
form, is ambiguous because these rocks might be
genetically related to the northern Tethyan margin
(Bleahu et al., 1994).

The earliest steps in the evolution of the Dinarides
during the Alpine cycle commenced during the Late
Permian (the Murgabian stage) with a rifting episode
of some 50 Ma duration, accompanied by intraplate
magmatic processes. These processes might have
been related to the inherent instability of Pangaea
and the global inception of the Gondwana rifting
which had taken place after Hercynian suturing of
Gondwana and Laurasia (Ziegler, 1990). On the
Adriatic–Dinaridic carbonate platform and within
the Palaeozoic–Triassic nappe occur discrete zones
of Triassic rift-related igneous rocks which mark the
traces of rifts transecting the Palaeozoic basement.
This rifting activity was possibly accompanied by
the development of a large ‘thermal dome’ (Keen
and Hyndman, 1979). At a later stage these rift
arches started to subside, possibly in response to
cooling and contraction of ‘rift pillows’, inducing
subsidence of the rift shoulders and development of
shelf area. Their slow subsidence was accompanied
by the deposition of clastic sediments, containing in
places evaporites. The initial Late Permian(?) rifting

phases are characterized in a few places by very
weak magmatic activity. Later, during the Scythian,
accelerated graben subsidence was accompanied by
an increased influx of terrigenous material and only
in a few places by coeval weak volcanic activity.

The onset of the Anisian was marked by a re-
gional (eustatic?) transgression resulting in the es-
tablishment of extensive carbonate shelves, covered
by ‘epeiric seas’ with ‘epeiric clear-water sedimenta-
tion’ (Irwin, 1965), on the ADCP and the Apulian–
Taurus platform (Marcoux et al., 1993). Only lo-
cally did mixed carbonate and clastic sedimentation,
accompanied by weak rift-related volcanic activity,
persist. Strong reduction in the input of terrigenous
material and its subsequent complete termination
is the result of a regional (eustatic?) transgression
rather than the separation of the ADCP from the
northern Apulian margin, which occurred later.

Magmatic activity peaked during the Ladinian, as
a consequence of accelerated rifting activity, caus-
ing subsidence of probably isolated, narrow basins in
which deep-water cherts, pelites and limestones were
deposited. Synsedimentary, rift-related, volcanic ac-
tivity, basically of the continental crust origin, var-
ied in intensity along reactivated rift faults. On rift
shoulders between the basins, carbonate platform
sedimentation continued. On uplifted blocks, baux-
ites were deposited during short periods of their
emergence (Šinkovec, 1970; Sakač and Šinkovec,
1971; Šinkovec and Sakač, 1991). Along the distal
margin of the ADCP strong volcanic activity was ac-
companied by intrusions of plutonic rocks, ranging
in composition from gabbro to diorite to granosyen-
ite and granite.

Only in the western part of the Central Dinarides
did volcanic activity, including numerous explosive
phases, continue up to the early Norian. There are
no traces of magmatic activity in carbonate platform
sequences after the Norian.

Therefore, it can be concluded that along the
northeastern margin of the Apulian platform the long
rifting cycle, which had commenced during the Late
Permian, culminating in crustal separation and the
opening of the Dinaridic ocean, came to an end
during the upper part of the Late Triassic. With
this, a passive margin, facing the Internal Dinar-
ides tectonostratigraphic units was established. With
this, the ADCP formed part of the extensive car-
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bonate shelf and=or platform system which fringed
the gradually opening Western Tethys embayment
(Marcoux et al., 1993).

Opening of the Dinaridic branch of the Tethys
may have started by the end of the Late Triassic
and=or the beginning of the Early Jurassic. It is
quite conceivable that the Ladinian–Late Triassic
isolated rifted basins, located along the outer ADCP
margin, caused a predisposition for the location of
a future sea-floor spreading centre. On the other
hand, rift zones located in the interior parts of the
ADCP aborted simultaneously. Lithosphere thinning
and thermal anomalies introduced during the rifting
stage controlled the subsidence of the ADCP and
its margins during the post-rift stage. Along the lat-
ter, the oldest radiolarite sequences are coeval with
basalts (abyssal tholeiites) and are Middle–Late Tri-
assic in age (Halamić and Goričan, 1995), indicating
that in the Dinaridic Tethys pelagic deep-water con-
ditions were established already prior to the onset of
sea-floor spreading, i.e. before the Jurassic.

During the Late Triassic–Early Jurassic, the con-
tinental slope of the ADCP started to develop. Clas-
tic and carbonate sediments were continuously de-
posited along this slope and at its foot during the
Jurassic and Cretaceous. The carbonate platform
supplied the continental slope with carbonate de-
tritus, whereas siliciclastic material was probably
derived from a northerly located area and transported
southwardly by turbidity currents, as indicated by
palaeotransport directions (sole marks; Aubouin et
al., 1970; Blanchet, 1975). Sedimentary sequences of
this passive continental margin interfinger northwest-
ward with penecontemporaneous radiolarite, mud-
stone, shale and micrite deposited in an open-ocean
environment, indicating intermittent breaks in the
sediment supply from the shelf to the continental
slope.

Sea-floor spreading may have lasted in the Dinar-
idic Tethys over a period of 70–80 Ma, from the Late
Triassic until the Late Jurassic–Early Cretaceous.
The thickness of the Mesozoic radiolarite forma-
tion, averaging 500–600 m, indicates a low rate of
sedimentation in a pelagic, sediment-starved, envi-
ronment. The complete ophiolite profile preserved
in the Mt. Varda area, averaging at least 3000 m
(without underlying tectonic peridotites and overly-
ing sedimentary cover), is similar to the thickness

of oceanic crust originating along modern spread-
ing centres in the present oceans (Coleman, 1977).
This indicates obduction of the entire oceanic crust
onto the ADCP, formerly the margin of the Apulian
microplate.

In this geodynamic interpretation it is extremely
hard to explain the original palaeogeographic posi-
tion of the Palaeozoic–Triassic nappe terrane, which
is characterized by a Triassic rifting and facies devel-
opment comparable to that of the ADCP. In the east-
ern parts of the investigated area, this nappe clearly
overrides the ophiolites, which, in turn, override the
ADCP.

It is difficult to model the active continental mar-
gin of the Dinaridic Tethys because the Mesozoic–
Palaeogene formations of the Posavina terrane of the
northern Dinarides are mainly covered by Tertiary
sediments of the South Pannonian Basin and due
to the obscure relations between ophiolite mélange
and overlying Upper Cretaceous trench sediments.
Anyhow, greywackes and shales and olistostrome
mélange probably originated during the Late Trias-
sic(?) and Jurassic–Early Cretaceous on the slope
and at the foot of an active continental margin where
basic volcanism was also very active as indicated by
the interlayering of volcanics with sediments.

Processes of subduction must have started in the
Late Jurassic–Early Cretaceous as indicated by first
ophiolite emplacement accompanied by high-pres-
sure metamorphism (blueschist olistoliths in the Late
Cretaceous–Palaeogene flysch in the Posavina ter-
rane). This was probably due to the northwest mi-
gration of the Apulian microplate (Fourcade et al.,
1993). In the area of the active continental margin, an
indented relief with several rises and troughs existed
facilitating the emplacement of the olistostromes
and the deposition of first overstep sequences in
which ophiolites were re-deposited. Sedimentation
took place in some areas in shallow-water environ-
ments and some of the rises emerged and ophiolites
underwent to weathering.

It is possible and indeed very probable that em-
placement of the Palaeozoic–Triassic nappe of the
eastern Dinarides, i.e. the Golija unit (Rampnoux,
1970), took place during a younger phase of these
Late Jurassic–Early Cretaceous movements. This
opinion is supported by the fact that the ophiolites
are overthrust by the Palaeozoic–Triassic formations
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which, in turn, are unconformably overlain by fos-
siliferous Lower Cretaceous sediments containing
redeposited ophiolite fragments. The emplacement
of ophiolites and the stacking of the Palaeozoic–
Triassic nappes was accompanied by Early Cre-
taceous low-grade metamorphism affecting the al-
lochthonous Palaeozoic–Triassic formations. This
interpretation implies that the Palaeozoic–Triassic
nappe is derived from the NE margin of the Dinar-
idic ocean.

Late Jurassic–Early Cretaceous subduction initi-
ated the gradual closure of the Dinaridic part of the
Tethys and the generation of a magmatic arc along
an active continental margin in the north, whereas
the sedimentation of the ‘flysch bosniaque’ contin-
ued along its Apulian passive continental margin
in the south. However, strong tectonic movements
during the Late Cretaceous affected all sedimentary
areas of the Dinaridic part of the Tethys. This is
indicated by: (a) the common occurrence of uncon-
formities in the Late Cretaceous and between it and
the Palaeogene sediments within the ADCP; (b) the
termination of siliciclastic sedimentation along its
slope and foot, whereas in open-ocean areas sedi-
mentation may have ended even earlier; and (c) the
development of the trench in front of the magmatic
arc in which Upper Cretaceous–Palaeogene flysch
sedimentation and synsedimentary volcanic activity
of the Posavina terrane took place (Fig. 5).

Accordingly, late Late Cretaceous–Palaeogene
marine sedimentation took place in a comparatively
narrow basin. In the area of the magmatic arc gran-
ite plutonism and bimodal basalt-rhyolite volcanism
was active. This magmatic arc probably formed the
westernmost part of the north Tethyan subduction
zone stretching eastwards to Iran and Afghanistan
(Camoin et al., 1993).

The strongest tectonic movements which took
place by the end of the Late Eocene (45–40 Ma) and
Early Oligocene mark the closure of the Dinaridic
Tethys during the final stages of which the ophio-
lite nappe was emplaced on the ADCP margin. This
was accompanied by (i) tectonization of the olis-
tostrome mélange and its second emplacement, (ii)
Alpine medium-grade metamorphism, and (iii) synk-
inematic granite plutonism. The southwesterly ver-
gence of the Dinaridic NW–SE-trending folds and
thrusts, which were formed during this main defor-

mational event, suggest a north- to northeast-dipping
subduction. In fact, this main tectonism produced the
present structure of the Central Dinarides.

This main deformational event gave rise to the
formation and uplift of the Dinarides, which in
turn gave rise to the separation of the Tethys into
the Mediterranean and Paratethys and to the gen-
eration of numerous smaller and larger intramon-
tane Oligocene (?) and Neogene basins inside the
emerged Dinarides. Tertiary evolution of the adjoin-
ing area of the North Dinarides and South Pannonian
Basin are presented in a separate paper of this vol-
ume (Tari and Pamić, 1998).

Consequently, the Central Dinarides were formed
as a result of the following geodynamic events: (1)
Late Permian to Middle Triassic rifting; (2) Late
Triassic to Late Jurassic opening of the Dinaridic
Tethys ocean; (3) Late Jurassic–Early Cretaceous
initial subduction, accompanied by ophiolite obduc-
tion; and (4) Palaeogene termination of the sub-
duction and the convergence of stable Africa and
Eurasia. After the initial rifting, followed by the
oceanic opening, this included progressive closure
of the Mesozoic–Palaeogene Dinaridic–Hellenidic
Tethys.
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266 J. Pamić et al. / Tectonophysics 297 (1998) 251–268
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Marinčić, S., 1981. Eocene Flysch of Adriatic area (in Croatian;
English summary). Geol. Vjesnik (Zagreb) 34, 27–38.
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Miladinović, M., 1974. Structure tectonique des Dinarides
yougoslaves septentrionales (in Serbian; French summary).
Geol. Glas. (Titograd) 7, 351–367.
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V., 1996. Tectonostratigraphic units and terranes between the
Adriatic Sea and the southern Pannonian Basin. In: Ebner,
F., Neubauer, F. (Eds.), Alpine–Himalayan Terrane Map. IGC
Project 276, Spec. Vol. Geol. Soc. Greece, in press.
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Bull. Soc. Géol. Fr. Sér. 7, 12: 948–966.

Ricou, E.L., Dercourt, J., Geyssant, J., Grandjacquet, C., Lep-
urier, C., Biju-Duval, B., 1986. Geological constraints on the
Alpine evolution of the Mediterranean Tethys. Tectonophysics
123, 83–122.

Robertson, A.H.F., Karamata, S., 1994. The role of subduction–
accretion processes in the tectonic evolution of the Mesozoic
Tethys in Serbia. Tectonophysics 234, 73–94.
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Abstract

Dismembered ophiolites occur in the Dinaride Ophiolite Zone (DOZ) that is related to the open-ocean Tethyan realm,

whereas highly dismembered ophiolites occur in the Vardar Zone (VZ) related to a back-arc basin. The ophiolites of DOZ are

associated with a Jurassic olistostrome mélange (DOZM), the youngest component of which are Tithonian limestone exotics

and with the Mesozoic bed-to-bed Radiolarite Formation. Late Jurassic/Early Cretaceous to Late Cretaceous clastic sequences,

comprising redeposited fragments of ophiolites, disconformably overlie the DOZM. Ophiolites of VZ are associated with

tectonized ophiolite mélange (VZM), the youngest component of which are Late Cretaceous–Paleogene limestone exotics. The

VZM is associated with the Late Cretaceous–Paleogene flysch formation. Ophiolites of both the DOZ and the VZ are

predominantly peridotite tectonites, represented mainly by fertile spinel lherzolite in the western and central part of DOZ and

VZ, and by depleted harzburgites in their southeastern parts. Cumulate ultramafics and gabbros are subordinate and are in some

places overlain by massive or sheeted dyke complexes, capped by metabasaltic pillow lavas. Metamorphic soles of ophiolites

are represented by varieties of amphibolites with subordinate pyroxenite schists and scarce eclogites with ultramafic interlayers,

which were progressively metamorphosed under P–T conditions of eclogite (?), granulite, amphibolite and greenschist facies.

The according protoliths are cumulate gabbros in the DOZ, medium-grade bimineralic epidote–amphibolite facies amphibolites

derived from diabase–dolerites, and low- to medium-grade metapelites and metapsammites. K–Ar and Sm–Nd measurements

yield ages of 174F 14–136F 15 Ma on ophiolites from DOZ and 109.6F 6.6–62.2F 2.5 Ma on ophiolites from VZ. Basic

petrological and geochemical features for all Dinaridic ophiolites and associated amphibolites are correlatively presented both

for DOZ and VZ. Dinaridic ophiolites were generated in the Dinaridic Tethys over the period of about 150 Ma. The bulk of

oceanic crust was generated during the Late Triassic to pre-Late Jurassic/Early Cretaceous when oceanic subduction processes,

accompanied by DOZ ophiolite obduction onto the Apulian margin, started. Generation of the oceanic crust continued during

the Cretaceous–Early Paleogene in a reduced Dinaridic Tethys under back-arc setting. Eocene closure of the Dinaridic Tethys

was accompanied by the second emplacement of VZ ophiolites and the final structuration of the Dinarides and their uplift. At

the end, geological and petrological similarities and dissimilarities of ophiolites from both DOZ and VZ are presented.
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Mesto Arandjelovac in mineralne vode »Knjaz Miloš« 
 
 
 
Mesto Arandjelovac z znanim zdraviliščem »Bukovička banja« v središču Šumadije se 
nahaja pod goro Bukulja. Mesto, ki je oddaljeno 80 km od Beograda,. se je v preteklosti 
imenovalo Vrbica in je  nastalo leta 1718.  Knez Miloš je leta 1837 izdal odlok, da se 
združita Vrbica in sosednji Orašac tako, da je takrat nastalo mesto Arandjelovac.  
 
V neposredni okolici, v vasi Orašac, pod Venčasom  je rudnik naravnega belega 
okrasnega kamna – marmorja. V vasi Orašac je bil leta 1803 izbran za »vožda« 
Karadjordje, kot voditelj prve srbske vstaje proti Turkom. 
 
Vsako leto se v parku zdravilišča prirejajo kulturne prireditve – koncerti pod imenom 
»Mermer i zvuci«. Park je največji svetovni muzej sodobne arhitekture na odprtem, ki je 
začel nastati v obdobju Mihajla Obrenovića (1860 – 1869). 
   
 

 

 
 

Stara  etiketa mineralne vode »Knjaz Miloš« 
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Bakrovo rudišče Bor 
 

Pripravila Saša Zavadlav in Janez Zavašnik 
 
Rudarski inženir Franjo Šistek je leta 1903 z raziskovalnim rovom naletel na prvo rudno telo, ki so 
ga po hribu, v katerem je, poimenovali Čoka Dulkan. 
 

V hidrotermalno spremenjeni coni v 
zgornjekrednih andezitih in andezitskih 
piroklastitih se pojavljajo metasomatska in 
žiljno-impregnacijska rudna telesa. V okolici 
rudišča so našli še 20 večjih in manjših rudnih 
teles. V začetku 70. let so zaradi nevarnega 
zmanjšanja rudnih zalog povečali obseg 
raziskav in odkrili novo rudišče Veliki 

Krivelj. Kljub temu se stanje ni izboljšalo in 
raziskave so usmerili v samo hidrotermalno 
spremenjeno borsko cono. Med leti 74' in 83' 
so tako v neposredni bližini Čoke Dulkana 
našli rudno telo Borska reka, rudno telo H, 
Borski potok ter poleg novega jaška še rudno 
telo Novo okno, ki je v tem rudišču velika 
izjema. 

 

 
 

Leži v zgornjekrednih andezititskih 
piroklastitih in je lečaste oblike. Sestoji iz 
andezitskih in rudnih klastov, ki jih je sočasno 
izvrgla vulkanska erupcija. Srednji del rudišča 
je večinoma iz klastov pirita, rombičnega 
halkozina in covellin-a. Obdaja ga conarno 

zgrajena ruda, ki vsebuje še bornit in 
halkopirit, v večjih razdaljah le še halkopirit. 
Conarna tekstura klastov je nastala med 
diagenezo; bornit in halkopirit sta diagenetska 
minerala.  
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Sl. A. Vzdolžni geološki presek rudnega telesa Novo okno. (Poenostavljeno po Miškovicu, 1989)  
 
1 vulkanski aglomerati rogovačnega andezita; pod 1 pelitsko serijo prevladujejo njegovi izlivi;  
2 I in II serija sivih in rdečih laporastih pelitov;  
3 breče (rogovačno) biotitnega andezita, redko tudi rogovačnega andezita z rudnimi klasti A in B 
4 breča rogovačnega andezita z rudnimi klasti B;  
5 drobnozrnate breče rogovačnega andezita s fragmenti in zrni pirita ter podrejeno tudi halkopirita; 
6 argilitizirani andezit, ki vsebuje tu in tam drobnozrnate breče rogovačnega andezita ter drobce pirita in halkopirita;  
7 andezitski tufi s piritnimi zrni 
 
Sl. B. Razvrstitev glavnih bakrovih rudnih mineralov v vzdolžnem preseku rudnega telesa Novo okno  
 
1 rombični halkozin, »lamelarni halkozin«, digenit, covellin; 
2 bornit in halkopirit;  
3 halkopirit 
 

Rudišče leži pod 3 pelitskimi serijami 
in naj bi nastalo v plitvi depresiji na pobočju 
vulkana. Ima obliko sploščene leče. Vsebuje 
rudne klaste, ki jih je Miškovič razdelil na 
rudne klaste A in B (conarne in neconarne) in 
so vretenaste in okrogle oblike. Veliki so 50 
do 150 cm, v spodnjem delu do 50m3. Ruda v 
tem delu vsebuje tudi 9 g/t Au in 5,6 g/t Ag. 
 

Ob erupciji je vulkan dezintegriral 
starejše rudno telo in skupaj z andezitnimi 
klasti so se odložili v kotanji, v kateri je 
nastajalo novo rudno telo. Conarno zgradbo 
t.i. rudnih klastov B razloži naslednji model: 

pronicajoča podtalnica se zaradi pirita obogati 
z železom. Pri nadaljnji reakciji z bakrovimi 
sulfidi nastane na račun npr. bornita 
halkopirit. Ta proces imenujemo inverzna 
cementacija. V našem primeru pride do 
osiromašenja z bakrom in obogatitve z 
železom.  
 

Tudi samo rudno telo ima conarno 
obliko, čemur je vzrok manjša poroznost 
rudnega telesa ter seveda spremembe kemične 
sestave podtalnice, ki je že na svoji poti čez 
klaste A porabila železo in obratna 
cementacija v jedru rudišča ni več mogoča.  
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Ostala rudna telesa borskega rudnika  

Na JZ področju Velikega Krša leži 
večji masiv debelozrnatega rogovačnega 
andezita (timacit). Pri Boru je v njem 
propilitizirana cona, ki je bila podvržena 
poznejšim hidrotermalnim procesom kot so 
kaolinizacija, zeolitizacija, silifikacija, 
piritizacija ter končno tudi mineralizaciji z 

bakrom. Piritne mineralizacije so nastale 
delno v obliki kompaktnih teles, delno kot 
slabše impregnacije, ki ponekod tvorijo 
prehod kompaktnih teles v jalovo kamnino. 
Ta rudna telesa (Čoka Dulkan, Tilvan Mika, 
Tilva Roš) nastopajo v smeri SZ – JV, ki je 
značilna za Vzhodno Srbijo.  
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Čoka Dulkan leži najbolj zahodno. 
Predstavlja kompaktno piritno telo s 
tektonskimi mejami. Od Tilve Mike in Tilve 
Roš ga loči prelom. To telo je imelo izrazit 
oksidacijski pas, ki so ga najprej odkrili, 
danes pa tu poteka dnevni kop. 
 
Rudno telo Tilva Mika predstavlja sistem 
manjših rudnih teles. Gre za piritna telesa, v 
katerih so prisotni mljaši bakrovi minerali. 
Vsa telesa imajo tektonske meje in leže 
približno 300 m od Čoka Dulkana. 

Tilva Roš leži med Čoka Dulkanom in Tilvo 
Miko, nekoliko bolj proti SV. Predstavlja 
veliko telo, ki sestoji iz py in q, bakra pa je 
precej manj. Ima močno razvit oksidacijski 
pas. Predstavlja možno rezervo. 
 
 
Poleg teh treh glavnih rudnih teles nastopajo 
predvsem na S strani rudišča, v oddaljenosti 
nekaj 100 m manjša rudna telesa: Kamenjar, 
Tilva Ronton in rudno telo E, ki so delno 
zapuščena in težko dostopna. 

 
 
 

Tektonski procesi in mineralizacija 
 
 

Bakrova mineralizacija je sledila 
neposredno tektonskim procesom, ki so ji z 
razpokami in prelomi napravili pot v piritna 
telesa. Od vseh bakrovih mineralov je le prva 
generacija enargita nastala malo kasneje kot 
pirit, vendar pa malo pred kremenom, v 
katerem nastopa v obliki idiomorfnih 
vključkov. 
 

Osnova rudnega telesa Tilva Mika 
sestoji iz py in q in je bila nekajkrat tektonsko 
zdrobljena. Močnejši tektoniki je sledila 
glavna mineralizacija enargita, istočasno je 
nastajal tudi luzonit. Debelozrnat enargit 
delno nastopa v obliki žil v osnovi, delno pa 
jo impregnira. Rudna raztopina, iz katere je 
nastal enargit, je bila zelo agresivna in je 
pogosto močno nadomeščala idiomorfno 
oblikovana zrna py. Mineralizaciji z 
enargitom in luzonitom je sledila tektonska 
faza, na kar kažejo brečne cone, ki so posute v 
enargitu in, v katerih nastopajo mlajši sulfidi. 
Tej tektonski fazi je sledila mineralizacija s 
hpy in manjšo količino py. Hpy je pogosto 
nadomeščen po brn (pogosto v rudah IX. 
obz.). Mineralizacija z brn je malo mlajša od 
hpy, oba minerala pa kažeta znake tektonike. 
Sledila je mineralizacija z neodigenitom, ki je 
v glavnem razpadel in se zato pogosto 
pojavlja v obliki paramorfno lamelarnega in 

prekristaliziranega halkozina. Neodigenit in 
oba razpadla različka so redko tektonsko 
porušeni. Sčasoma se je v raztopini večala 
koncentracija žvepla – istočasno sta nastajala 
kovelin in py, lokalno se pojavlja tudi enargit.  
V času sekundarne mineralizacije je potekal 
nastanek kovelina in halkozina, ki sta 
predvsem nadomeščala starejše sulfide, delno 
pa tvorila žile in žilice. V manjših količinah je 
nastajal tudi enargit.  
 

Pred nastankom glavne količine 
enargita je v rudnem telesu Čoka Dulkan 
obstajala hidrotermalna faza s koloidnimi 
raztopinami, iz katerih je nastal melnikovit 
(modifikacija py; posebnost borskega 
rudišča). V razpokah melnikovita je kristalil 
debelozrnat enargit, ki je precej tektonsko 
zdrobljen, a v tem rudišču nastopa v precej 
večjih količinah kot v zgoraj omenjenem 
rudišču. Skupaj z enargitom nastopa tudi 
luzonit. Sledila je mineralizacija sf, medlice 
in g, kasneje kovelina in nato še neodigenita 
ter paramorfno lamelarnega halkozina. Mlajša 
primarna mineralizacija s kovelinom, enr in 
py je podobna mineralizaciji Tilve Mike. 

 
Sekundarni kovelin nadomešča 

starejše sulfide, deloma nastopa v obliki žil in 
žilic, pogosto je kristalil tudi halkozin. 












