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JAKOB PAMIĆ*

HERCYNIAN AND ALPINE GRANITIC-METAMORPHIC COMPLEXES 
OF THE ADJOINING AREA OF THE DINARIDES AND PANNONIAN 

BASIN IN YUGOSLAVIA AS RELATED TO GEODYNAMICS
(5 Figs., 3 Tabs.)

A b s t r a c t :  Hercynian granitic-metamorphic complexes occur in the 
Slavonian Mountains located in the southern parts of the Pannonian basin 
where the Mohorovičic discontinuity at present is at a depth of 22 to 
27 km Two Hercynian granitic-metamorphic complexes can be dis­
tinguished: 1 — the Psunj complex is made up of Barrovian-type (?) 
metamorphic sequence invaded by I-granitoids. 2 _  the Papuk complex 
consists also of Barrovian-type (?) metamorphic sequence which is 
associated with S-granitoids.
Alpine granitic-metamorphic complexes make up the Prosara—Motaii- 
ca—Cer—Bukulja zone, which stretches for about 300 km south of the 
river Sava in the northernmost Dinarides. The zone also includes granitoids 
and metamorphic rocks of Moslavačka Gora and Požeška Gora Mts 
located in the Pannonian basin. Alpine metamorphic rocks consist of 
greenschist and amphibolite facies rocks of Abukuma (?)-type m eta­
morphic sequence, and in some places w ith migmatites invaded by 
S-type granitoids. Alkali-feldspar granites of Požeška Gora Mt. are A-type 
granites.
The present spatial distribution of the Hercynian and Alpine granitic- 
-metamorphic complexes is related to the evolution of the Pannonian 
basm which was created during crustal thinning and uplift of the upper
^ cte íw T th e T f1Pmer grf nÍtÍC"m et^ 0rphÍC comPlexes are spatially con­nected with Upper Cretaceous—Paleogene flysch units. These rocks were
metamorphosed along a presumed subduction zone which can be traced
for about 500 km to the south to the Vardar zone.

Р е з юм е . -  Герцинские гранитно-метаморфические комплексы встреча­
ются в Славонских горах, располагающихся в южных частях Паннон- 
ского бассейна, где слой Мохоровичича на глубине 22—27 км. Можно 
различить два гранитно-метаморфических комплекса: 1 — Псуньский 
комплекс образует метаморфическая последовательность барровского ти- 

интРУДирована гранитоидами 1-типа; 2 — Папукский комплекс 
сложен также из метаморфической последовательности барровского ти­
па (?), сопровождаемой гранитоидами S-типа.
Альпииские гранитно-метаморфические комплексы образуют зону Поо- 
сара — Мотаиица — Цер — Букуля, которая простирается около 300 км 
на юг от реки Сава в самых северных Динаридах. Зона также включает 
гранитоиды и метаморфические породы Мославачкой горы и Пожешкой 
горы, находящихся в Паннонском бассейне. Альпийские метаморфичес­
кие породы состоят из пород зеленоцветносланцевой и амфиболитовой 
фации метаморфической последовательности типа Абукумы (?) и места­
ми с мигматитами, интрудированными гранитоидами S-типа. Щелочно- 
-полевошпатовые граниты Пожешкой горы являются гранитами А-типа. 
Современное пространственное распределение герцинских и альпийских 
гранитно-метаморфических комплексов связано с эволюцией Паннонско- 
го бассейна,' который был образован во время утонения земной коры 
и поднятия верхней мантии. Альпийские гранитно-метаморфические ком­
плексы пространственно связаны с верхне-меловыми-палеогеновыми 
флишевыми единицами. Эти породы были метаморфизованы вдоль пред­
полагаемой зоны субдукции, которую можно наблюдать около 500 км на 
юг от Вардарской зоны.

* Dr. J. P a m i ć, Institute of Geology, Sachsova 2, 410 00 Zagreb.
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Introduction

G ranitic rocks associated w ith various m etam orphic rocks are very common 
in the  northernm ost Dinarides and southern parts of the Pannonian basin. They 
occur near the Sava river, and to the north  in Moslavačka Gora Mt. and 
Slavonian Mountains (Psunj, Papuk, K rndija and Požeška Gora) and to the 
south: the Prosara, Motajica, Cer, Bukulja, and Boranja M ountains (Fig. 1). 
All these granitic-m etam orphic complexes appear to have similar lithologies 
and consist of rocks of granite-granodiorite association, and different m eta­
m orphic rocks including phyllite, micaschist, quartz-muscovite schist, green- 
schist, amphibolite and gneiss th a t formed under the PT-conditions of green- 
schist and amphibolite facies. The granite-m etam orphic complexes of the 
P r o s a r a — Motajica—Cer—Bukulja M ts, stretching along and near the southern 
m argin of the Pannonian basin, are included w ithin the Inner Dinaridic Horst 
zone (P e t k o v i ć, 1958) and the V ardar zone (D i m i t r i j e v i Ć, 1982). The 
granitic-m etam orphic complexes of the Moslavačka Gora, Psunj, Papuk, K rndija 
and Požeška Gora Mts. are located north of the southern margin of the 
Pannonian basin in the area between the rivers Sava and Drava. To date, this 
area has been interpreted in  several different ways: as a part of the “O riental 
L and”, Alps, Dinarides etc. All tectonic interpretations so far available on the 
la tte r area are compiled i n S p a r i c a  and P a m i ć (1986).

Granitic-m etam orphic complexes of the northernm ost Dinarides and southern 
parts of the Pannonian basin have not been studied in detail. Petrological 
papers deal mostly w ith  granitoids; for example, Boranja Mt. ( K a r a m a t a ,  
1955) Cer Mt. (K n e ž e v i Ć, 1962), Papuk Mt. (V r a g o  v i e ,  1965), Psunj Mt. 
( M a r c i ,  1973; P a m i ć et al., 1984); K rndija Mt. (P a m i ć, 1988), Moslavačka 
Gora Mt.' (P a m i ć et al., 1984a) and Požeška Gora Mt. (P a m i Ć, 1987). Some 
papers deal w ith the associated metam orphic sequences, such as Papuk Mt. 
( R a f f a e l l i ,  1964), K rndija Mt. ( J a m i č i č ,  1983; 1988), and Prosara and
M otajica Mts. (V a r  i ć a k, 1957, 1966).

Few geological data are available for these granitic-m etam orphic complexes. 
For this reason their age have frequently been subject to speculation. For 
neer ' j  a hundred years, these complexes have been considered to be Precam brian 
or Pali azoic but w ithout any paleontologie or isotopic evidence. Recently, new 
data have been collected th a t allow a new approach to the understanding of 
these granitic-m etam orphic complexes.

The aim of this paper is to combine the petrology and geology of the gra­
nitic-m etam orphic complexes of the northernm ost Dinarides and southw estern

A

Fig 1 Schematized geological map of the adjoining area of the northern Dinarides 
and Pannonian basin with the index-map taken from P a r o t t o  — P r o t u i l o n

(1981).

Legend: 1 -  Pannonian basin; 2 -  Tertiary volcanics; 3 — Upper Cretaceous-Paleo- 
gene flysch- 4 — Alpine metamorphic rocks; 5 — Dinaride Ophiolite zone; 6 
allochthonous Paleozoic nad Triassic masses; 7 — Papuk complex; 8 — Psunj 
complex; 9 — Radlovac complex; 10 — granitoids; 11 — Carpathians I — Location 
of the area investigated; II — external and III — internal units of the Dinarides;
IV   Carpathians and Balkans; PR — Periadriatic Lineament; SP Skadar-Pec
transversal fault.
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Pannonian basin w ithin the fram ework of m odern geodynamic theories. Their 
present spatial distribution and interrelationships are intim ately connected w ith 
the evolution of the Pannonian basin. This basin is the result of crustal thinning 
and  uplift of the Mohorovičic discontinuity and upper m antle during Miocene 
extension. The granitic-m etam orphic complexes of the Papuk, Psunj and 
K rndija Mts. are Hercynian in age, and the complexes of Moslavačka Gora, 
Požeška Gora, Prosara, Motaj ica, Cer, Bukulja and Boran ja Mts. are mostly 
Early to Middle Alpine1 in age. The la tte r are spatially connected w ith rocks 
of Upper Cretaceous—Paleogene flysch th a t were metamorphosed along a 
presumed subduction zone by high heat-flow due to intrusion of granites. 
The presumed subduction zone can be traced for about 500 km to the south 
to the V ardar zone.

Geological data

T h e  H e r c y n i a n  g r a n i t e - m e t a m o r p h i c  c o m p l e x e s

Highly metamorphosed rocks which occur in central parts of the Psunj, 
Papuk and K rndija Mts. have been considered long as Archaean ( G o r j a -  
n o v i c —K r a m b e r g e r ,  1897; K o c h ,  1919; P o 1 j a k, 1952) and were 
distinguished from semimetamorphic rocks of presumed Paleozoic (mostly Si­
lu rian  and Carboniferous) age which occur in their m arginal parts. R a f f a e 11 i 
(1964), V r a g o v i ć (1965) and T a j d e r  (1969) presumed tha t the Paleozoic 
sem im etam orphic rocks were metamorphosed under PT-conditions of green- 
schist and amphibolite facies and partly  migmatized and partly  invaded by 
granites during the Hercynian orogeny. J a m i c i ć  (1983) distinguished in the 
Slavonian M ountains: 1. — the Psunj complex of presumed Baikalian age; 2. — 
the Caledonian Papuk complex, and 3. — the Hercynian Radlovac complex. 
The Carboniferous age of the Radlovac semimetamorphic complex was 
estim ated from palynological data (B r к i ć et al., 1974), and the age of the 
firs t two complexes only on the basis of structural analysis. The Radlovac 
complex will not be considered in this paper because it does not include 
granitoids.

The Psunj granitic-metamorphic complex consists of various metam orphic 
rocks invaded mostly by small granite bodies commonly up to a hundred metres

Fig. 2. Simplified geological map of granite-metamorphic complexes of the Slavonian 
Mountains — based on unpublished detailed maps prepared by J a m i c i ć  (1988),

Š p a r i c a, and К о r о 1 i j а.

Legend:  1 — Tertiary and Quaternary cover; 2 — Miocene volcanics; 3 — Mesozoic, 
mostly Triassic sediments; 4 — Radlovac complex; 5 — Psunj complex (mostly 
amphibolite facies rocks); 6 — Psunj complex (mostly greenschist facies rocks); 7 — 
I-granitoids; 8 — Papuk complex; 9 — migmatites and S-granitoids; 10 — reverse 
faults; 11 — normal faults.

1 The terms Early and Middle Alpine (Van Y e s i n g a, 1975) correspond to Eoalpine 
and Mesoalpine phases commonly used in the dating of metamorphic and tectonic 
events of the Alps (Dal P i a z et al., 1972; T r ü m p y ,  1973, and others).
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across. They occur on Mt. Psunj and, further to the east on the northern  
flanks of Mt. Papuk and on most parts of Mt. K rndija (Fig. 2).

This is the only granite-m etam orphic complex for which there are neither 
paleontologie nor radiom etric age data.
K/Ár and Rb/Sr determ inations are in progress and prelim inary data point 
mostly to a Hercynian age, as presumed by R a f f a e l l i  (1964) and M a r c i  
(1973).

The Papuk granitic-metamorphic complex, as distinguished from the Psunj 
complex, has a distinctly m igm atitic character. It includes smaller and larger 
bodies of anatectic granites.

Rb/Sr m easurem ents on micas from rocks of the complex give 279 and 
285 Ma (Tab. 1) and indicate Uppermost Carboniferous to Lower Perm ian 
age ( D e l e o n ,  1969). К /A r and Rb/Sr determ inations on additional samples, 
now being dated, suggest a larger range in age but still Hercynian.

Consequently, rocks both of the Psunj and Papuk complexes despite their 
petrological differences, have the same Hercynian age as do the adjacent 
semimetamorphic rocks (mostly shales and schistose metasandstones) of the 
Radlovac complex. The la tter are most probably the protolith for both of the 
granitic-m etam orphic complexes ( R a f f a e l l i ,  1964; V r a g o v i ć, 1965).

Rocks of the Psunj and Papuk granitic-m etam orphic complexes are very 
common in the Pannonian basement. They have been penetrated in numerous 
oil wells located north  and south of the Slavonian Mountains (Fig. 3) as well 
as further to the east in the area of Vojvodina (P a m i ć, 1986; K e m e n c i— 
—C a n o v i ć, 1975).

Rocks of both the Psunj and Papuk granitic-m etam orphic complexes can be 
correlated w ith similar rocks in Mecsek Mt. and the basement of the Pannonian 
basin in the adjacent parts of Hungary. The published isotopic ages of the 
Hungarian rocks are discordant, and show a large range from Precam brian 
to Perm ian (J a n t  s к y, 1978). The most recently obtained data using several 
radiom etric dating methods from  several laboratories indicate tha t all of the 
granitic-metam orphic complexes of Hungary are Hercynian (В a 1 o g h et al., 
1983).

J  a m i č i ć (1983) is of the opinion th a t the granitic-m etam orphic complexes 
of the Slavonian M ountains are th rust as a whole w ith north  vergence over 
the surrounding Tertiary sediments of the Pannonian basin. New data on 
tectonics of the adjacent Mt. Požeška Gora ( S p a r i c a  — P a m i ć ,  1986) show 
tha t the Upper Cretaceous volcanic-sedimentary complex, which is invaded 
by Alpine granites, is horizontally th rust over young sediments of the Panno­
nian basin. Sparica (pers. commun.) found young thrust structures but w ith 
south vergence in the adjacent Mt. Dilj in eastern parts of Slavonija. Similar 
reverse and th rust (?) structures have been interpreted in oil wells drilled 
in the basement of the Pannonian basin in the oil producing area of Molve 
near the river Drava ( P a m i ć ,  1986).

The new tectonic data on reverse and th rust (?) structures in the southern 
parts of the Pannonian basin have not yet been evaluated, so tha t it is difficult 
to give a coherent tectonic interpretation. It is doubtful th a t such reverse 
structures can be considered to be th rust faults in term s of the classical 
Alpine geology! Their origin is connected w ith young strike-slip faults w ith 
large displacements and between which, in some blocks, folding and even
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T a b l e  1

Isotope ages for granites and the associated metamorphic rocks of the adjoining 
area of the northernmost Dinarides and Pannonian Mass

! '
Locality Rock Mineral K/Ar age1 Rb/Sr age2

A l p i n e

CER
Čakešina granite biotite 10.8 Ma
Southern slopes pegmatite muscovite 10.7 +  1
BORANJA
Boran ja granodiorite biotite 24
Desivojski potok granodiorite biotite 27 +  2
Boranja granodiorite biotite 29+2
MOTAJICA
Motajica 1 granite biotite 23 +  5
Motajica 2 granite biotite 17 +  3Motajica 3 two-micas

granite biotite 72
muscovite 28

Borehole Visoka Greda,
j Sample 1 biotite amphi-

’ bolite hornblende 48.5 Ma
biotite 38.5

Borehole Visoka Greda, i
Sample 2 biotite amphi-

bolite hornblende 43.2 í
MOSLAVACKA GORA

27.2

Moslavačka Gora 1 granite biotite 90 +  5
Moslavačka Gora 2 granite biotite 62

1 Moslavačka Gora 3 gneiss-granite biotite 64
Velika Sredska granite biotite 70+2
Kamenica pegmatite biotite 57+
Garić Grad amphibolite hornblende 88 +  3
Borehole Križ 1 biotite granite biotite 61+2
Borehole Križ 2 biotite granite biotite 64.9
Borehole Vrbovec 1 biotite granite biotite 27.2

H e r c y n i a n

ť0UiNJ No published data
PAPUK
Papuk 1 gneiss biotite 283Papuk 2 two-micas

Papuk 3
granite biotite 279
pegmatite muscovite 285 +  10

1 Data published by P a m i ć  (1985)
2 Rb/Sr model ages published by D e 1 e o n (1969)
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thrusting on a small-scale w ith different vergences m ight have taken  place 
( H o r v a t h  — R o y d e n ,  1981). The horizontal faulting and accompanying 
folding and thrusting can be probably related to the extensional processes 
that formed the Pannonian basin.

A l p i n e  g r a n i t i  c-m e t a m o r p h i c  c o m p l e x e s

Rocks of the Alpine granitic-m etam orphic complexes can be traced disconti- 
nuously along strike for about 300 km  south of the Sava river (Fig. 1) in the 
northern Dinarides and the southern m argin of the Pannonian basin. The 
zone starts at Prosara Mt. in the west, and stretches to the east through 
the M otajica, Cer and Bukulja Mts., fu rther to the south towards the V ardar 
zone. The zone also includes penecontemporaneous granites and m etam orphic 
rocks of the Moslavačka Gora and Požeška Gora Mts. located north  of the 
Sava river. Alpine granites and m etam orphic rocks were encountered during 
drilling in the Pannonian basement (Fig. 3) in some areas located between the 
orographic units m entioned above ( P a m i ć ,  1986).

Upper Cretaceous—Paleogene flysch sediments, whose basal parts are in some 
places interlayered w ith volcanic and pyroclastic rocks, characteristically occur 
w ithin the zone of Alpine granitoids and metam orphic rocks. These Upper 
Cretaceous—Paleogene rocks were found on southern slopes of the Prosara, 
Motajica and Bukulja Mts. and they were penetrated in some oil wells in 
the basem ent in the Pannonian basin ( K e m e n c i  — C a n o v i c ,  1975; J  e- 
l a s k a  — P a m i ć ,  1979). Upper Cretaceous sediments, interlayered w ith  coeval 
volcanics rocks of a bimodal basalt-rhyolite association and invaded by pe­
necontemporaneous granites, were also found in Požeška Gora Mt., north  of 
the Sava river ( P a m i ć  — S p a r i c a ,  1983; P a m i ć ,  1987).

For nearly  one hundred years, granitoids and the associated metam orphic 
rocks of Moslavačka Gora, Prosara, Motajica, Cer and Bukulja Mts. have been 
considered, w ithout any evidence, to be Precam brian or Paleozoic in age 
( K o c h ,  1899; K a t  z e r ,  1924/25; S i m  i Ć, 1953; J  u r  k o v i ć, 1962; V a r  i ć а к, 
1966 and others). D e l e o n  (1969) was the first to present radiom etric data 
pointing to the Late Cretaceous—T ertiary age of these granitoids. More 
recently, additional isotopic data show Late Cretaceous—T ertiary age (P a ­
m i ć ,  1985), not only for the granitoids but also for some of the associated 
m etam orphic rocks of the Moslavačka Gora and M otajica M ountains (Tab. 1).

The Tab. 1 indicates th a t three groups of radiom etric ages can be distin­
guished: 1 Early Alpine (mostly Late Cretaceous) w ith approxim ate span

Fig. 3. Geological sketch-map of the basement rocks of the southern parts of the 
Pannonian basin between rivers Sava and Drava with the location of oil wells. For 

the abravations of separate oil wells look in P a m i ć (1986).
Legend: Q — Quaternary; K, Pg — Upper Cretaceous—Paleogene volcanic-sedimentary 
and flysch complex; Mz — Mesozoic sediments. 1 — metamorphic rocks of Medvedni- 
ca Mt.; 2 — granitic-metamorphic complex of Moslavačka Gora Mt.; 3 — granitoids 
and metamorphic rocks of Prosara and Motajica Mts.; 4 — Psunj granitic-meta­
morphic complex; 5 — Papuk granitic-metamorphic complex; 6 — Radlovac semi- 
metamorphic complex; 7 — Pohorje granitic-metamorphic complex.
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between 90 and 60 Ma; 2 — Middle Alpine (Paleogene) w ith approxim ate span 
between 45 and 30 Ma; and 3 — Late Alpine (mostly Miocene) w ith approxim ate 
span between 10 and 25 Ma. The evaluation of these radiom etric data has 
been presented in a separate paper (P a m i ć, 1985).

P a n t i ć and his coworkers have made a breakthrough in stratigraphic 
treatm ent of m etam orphic rocks associated w ith Early to Middle Alpine gra­
nitoids. In m any places w ithin this zone they have found Late Cretaceous 
and Paleogene pollen in slates and phyllites previously thought to have been 
Archaean or Paleozoic (P a n t i c  — J o v a  n o v i c ,  1970; P a n t i ć et al., 1972; 
A l e k s i e  — P a n t i ć ,  1972).

Consequently, the zone of Moslavačka Gora—Prosara—Motajica Cer Bu- 
kulja Mts. includes Early to Late Alpine granitoids and penecontemporaneous 
metamorphic rocks. The age of the granitoids is constrained by radiom etric 
data, and the age of the associated metam orphic rocks by both radiom etric 
and paleontological data.

As distinguished from the Pannonian region, the area of the northern 
Dinarides is characterized by a distinct zonal distribution of large lithofacies 
units;/this is an ordinary feature of all orogenic belts. The generally prevailing 
opinion is tha t the Dinarides are m ultiply folded and th a t they display typical 
thrust and im bricate structures w ith southwestern vergence developed pri­
marily during A-subduction (H e r a k, 1986). However, this generally accepted 
opinion must be questioned for the northernm ost Dinarides. For example, V a- 
r i с a к (1966) located a th rust fault w ith north  vergence along the northern 
m argin of M otajica Mt.; the axial planes of folds in the m etamorphic rocks 
which make up its southern parts also show characteristic north vergence. 
L a s k a r e v  (1930) is of the opinion that th rust faults w ith north vergence 
are also typical of Bukulja Mt.

There are no reliable data on the tectonics of the northernm ost Dinarides. 
Thus the northern  boundary of the area characterized by southern, i.e. Dinari- 
dic vergence cannot yet be fixed. Despite this, the generally accepted opinion 
is that the m ain phases of folding, thrusting and uplift of the Dinarides 
finished by the end of the Pyrenean phase.

Petrology

Basic data on the petrology of Alpine and Hercynian granitoids and associated 
metamorphic rocks of the northern  Dinarides and southern parts of the Pan­
nonian basin are summarized in Tab. 2. Chemical composition of rocks of the 
granite-granodiorite association from separate areas is illustrated by the m ajor 
element averages (Tab. 3) and by the Na20  +  K20  — CaO — FeO +  MgO 
triangle (Fig. 4).

H e r c y n i a n  g r a n i t e s  a n d  m e t a m o r p h i c  r o c k s

Granites and the associated m etamorphic rocks of both the Papuk and Psunj 
complexes are penecontemporaneous and Hercynian.

The Psunj complex  consists of gneiss, micaschist, amphibolite, greenschist, 
phyllite and quartzite w ith  subordinate marble. In tectonically undisturbed areas
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T a b l e  3

Major element averages of Hercynian and Alpine granitoids

1(23) 2(17) 3(12) 4(15) 5(10) 6(10) 7(10) 8(13) 9(7) 10(10)

S i0 2 72.89 72.16 67.05 66.71 73.45 70.96 67.82 64.99 71.58 69.87
T i02 0.25 0.15 0.55 0.50 0.32 0.18 0.21 0.28 0.20 0.37
А12Оз 13.41 13.97 16.94 14.99 13.38 15.97 16.75 16.56 14.95 15.73
Fe20 3 0.99 2.25 0.91 1.11 0.89 1.64 1.60 1.81 0.76 2.43
FeO 0.89 0.84 1.97 2.52 1.06 0.82 1.80 2.09 2.07 0.24
MnO 0.02 0.07 0.04 0.11 0.05 0.04 0.07 0.10 0.04 —
MgO 0.78 0.66 1.37 1.86 0.60 1.01 1.01 2.00 0.57 0.27
CaO 0.81 3.33 2.91 2.26 1.22 1.61 2.66 3.75 1.45 0.51
Na20 4.62 4.23 4.11 3.48 2.86 2.75 3.19 3.40 3.20 5.70
k 2o 4.55 1.00 3.12 4.10 4.77 3.74 4.05 3.63 4.57 3.64
p2o5 0.12 0.01 0.16 0.19 0.17 0.14 0.21 0.22 0.12 —
h 2o 0.88 1.20 1.16 1.59 1.10 0.88 0.73 1.25 0.62 1.61

Total 100.21 99.87 100.29 99.42 99.87 99.74 100.10 100.08 100.13 100.37

H e r c y n i a n :
1 — I-granitoids of Psunj Mt.; ( Ma r c i ,  1973) 2 — I-granitoids of Krndija Mt. (P a- 
m i ć, 1988); 3 — S-granitoids of Papuk Mt. ( V r a g o v i c ,  1965); 4 — S-granitoids 
of Mecsek Mt. (J a n t s к y, 1978);
A l p i n e :  . . ,
5 — S-granitoids of Moslavačka Gora Mt. ( P a m i ć  et al., 1984); 6 S-(?)-granitoids 
of Motajica Mt. (V a r i ć a k, 1966); 7 — S-granitoids of Cer Mt. ( K n e ž e v i c ,  1962); 
8 — S-granitoids of Boranja Mt. (K a r a m  a t  a, 1955); 9 — S-granitoids of Bukulja 
Mt. (unpublished data); 10 — A-granites of Požeška Gora Mt.
(Number of available analyses are between brackets).

metamorphosed sequences show a distinct zonation: chlorite-»biotite-*garnet-> 
->staurolite-*sillimanite, in places w ith  kyanite, which originated under PT- 
-conditions of greenschist and amphibolite facies ( R a f f a e l l i ,  1964; J a m i -  
č i ć, 1983). Most recently P a m i ć  (1987b) found andalusite in amphibolite 
facies paragneisses from the zoned sequence of Psunj Mt. More commonly, only 
some parts of this prograde sequence are preserved depending on the folding 
index and the kind of faulting.

These metam orphic rocks are commonly invaded by small masses of gra­
nitoids. These masses in Psunj Mt. are made up mostly of granite w ith 
subordinate granodiorite ( M a r c i ,  1973) and, in K rndija Mt. mostly of tonalite 
w ith subordinate granodiorite ( P a m i ć ,  1988). This difference in rock types 
is brought about by changes in the m ineral paragenesis which consists of 
quartz, oligoclase, biotite w ith subordinate muscovite and amphibole. Potassium 
feldspar, represented mostly by postkinem atic microcline, is in some granitoids 
(for example, Psunj Mt.) a m ajor m ineral, and in some of them  (for example, 
K rndija Mt.) nearly absent. The granitoids are characteristically cataclastic 
and they are associated w ith subordinate quartz monzodiorite and diorite, and 
gabbro ( P a m i ć ,  1988; P a m i ć et al., 1984).

Some of the features of granitoids from the Psunj and K rndija Mts. such 
as high Na20  content (4.62 and 4.23 per cent), high Fe20 3 : FeO ratio (1.2 and 
2.7) and the presence of quartz diorite, monzodiorite, and gabbro suggest that 
they m ight be I-granitoids ( C h a p p e l l  — W h i t e ,  1974). However, the 
content of K20  varies; it is about 1 per cent in microcline-free granitoids
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from K rndija Mt. and up to 4 per cent in the microclinized ones from Psunj 
Mt. (Tabs. 2 and 3).

The Papuk complex consists mostly of gneiss, micaschist, greenschist and 
phyllite w ith subordinate amphibolite. W ithin techn ically  undisturbed parts 
of the Papuk complex, regionally metamorphosed prograde sequences are also 
preserved, and they show the same zonation: chlorite->biotite-*garnet->stauro- 
lite-*sillimanite, which were formed under PT-conditions of greenschist and 
amphibolite facies. The sequence has been observed for the first time in 
southwestern parts of Mt. Papuk w here its highest parts grade into m igmatites 
( R a f f a e l l i ,  1964). Such prograde sequences occur both in the Papuk and 
Psunj complexes. In fact, both of them  are related to a single m etamorphic 
event and thus they represent one single Hercynian prograde m etam orphic 
sequence regardless if being migmatitized (the Papuk complex), invaded by 
I-granitoids (most of the Psunj complex) or even w ithout granitoids (parts 
of the Psunj complex).

KjO + NOjO

CaOFeO+MgO

Fig. 4. K20  +  Na20  — FeO +  MgO — CaO triangle for rocks of Hercynian and Alpine 
granite-granodiorite associations of the adjoining area of the northern Dinarides

and Pannonian basin.

Notes: Hercynian: 1 — Papuk and Mecsek Mts.; 2 — Psunj Mt.
Alpine: 3 — Motajica Mt.; 4 — Cer Mt.; 5 — Boranja Mt.; 6 — Bukulja Mt.; 7 — 
Požeška Gora Mt.

The most striking characteristic of the Papuk complex is the presence of 
different varieties of m igmatites and anatectic granites ( V r a g o v i c ,  1965). 
The anatectic bodies generally consist of granodiorite and quartz diorite 
containing quartz, oligoclase and andesine, orthoclase, postkinem atic micro- 
cline-microperthite, muscovite and biotite w ith scarce amphibole; garnet is
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a very  common assessory m ineral. A natectic  gran ito ids occur as veins a few 
centim etres to several tens of m etres thick, and also as large bodies w hich 
cover a surface a rea  m ore th a n  50 km 2.

I t is obvious th a t ana tec tites  from  th e  P apuk  com plex belong to  th e  fam ily 
of S -granito ids w ith  very  low  F e20 3 : FeO ra tio  (the average is 0.46). The 
low conten t of K 20  (the average is 2.71) and th e  h igher content of N a20  (the 
average is 4.10 per cent) p robab ly  are not rep resen ta tive  because the averages 
w ere calculated  on the  basis of a sm all num ber of th e  available chem ical 
analyses.

A l p i n e  g r a n i t e s  a n d  m e t a m o r p h i c  r o c k s

A lpine g ran ite -m etam orph ic  com plexes have some peculiar characteristics 
w hich are  d iffe ren t from  those of the  H ercynian  com plexes. All of them  are 
characterized  by th e  presence of com paratively  sm all g ran ite  bodies su rrounded  
by regionally  m etam orphosed  sequences, bu t com m only w ith  hornfelses and 
calc-silicate rocks (skarns) along th e ir  contacts (Tab. 2). The g ran ites occur 
as veins a few m etres th ick  up to  bodies com m only not la rg er th a n  50 km 2. 
In some areas, fo r exam ple in  M otajica Mt., m etam orphic  rocks cover la rger 
surface areas th a n  th e  g ran ite  bodies. B ut several sm aller g ran ite  bodies have 
been geophysically detected  in  the  deep subsurface of the  a rea  (L a b a š, 1975). 
By contrast, in  th e  surround ing  P rosara  Mt., th e  reg ionally  m etam orphosed 
sequence is cut only by vein  bodies a few  m etres th ick  of g ran iteporphyry .

M etamorphic rocks of the  M oslavačka G ora—P ro sa ra—M otajica—C er—Bu- 
k u lja  zone have not been evenly stud ied  in detail. They are  best exposed 
in the  M otajica and P rosara  Mts., w here  they  have been stud ied  by  V a r i ć a k  
(1957, 1966). He had  the  opinion th a t th ey  belong to th e  H ercynian orogeny. 
Based on D e l e o n ’s (1969) rad iom etric  da ta  and pollen determ inations by 
P a n t i ć  — J o v a n o v i c  (1970) it  w as tho u g h t th a t g reenschist and am phi- 
bolite facies m etam orph ic  rocks of M otajica Mt. m ight have been produced 
by m etam orphism  of the ad jacen t U pper Cretaceous flysch sedim ents due to 
h igh heat flow re la ted  to the  g ran ite  in trusions ( P a m i ć ,  1977). M ost recently , 
P a m i ć (1985) gave pe trograph ic  evidence for g radational changes from  U pper 
C retaceous sedim ents to p rograde  m etam orphic  sequence as follows: 1. sh a le -  
- s la te -p h y ll i te -b io ti te  p h y llite -m icasch is t—g neiss; 2. san d sto n e-sch is to se  m e- 
tasan d sto n e-q u artz-m u sco v ite  sch is t-m icasch is t-g n e iss ; 3 lim esto n e-c ry sta llin e  
lim estone-m arb le . In  the  ad jacen t P ro sara  Mt., the  low erm ost p a rts  of the  
m etam orphic sequence a re  m ostly  covered by  Neogene sedim ents and th e  
h ighest g rade is greenschist facies due to low er th erm al inpu t provided by 
the  presence of m uch sm aller g ran ite  bodies th an  in  M otajica Mt.

In  the  n o rth w este rn  p a rts  of th e  zone, in  M oslavačka G ora Mt., only h igher 
grade p a rts  of the  m etam orph ic  sequence are  exposed. This is rep resen ted  
m ostly by gneiss and m icaschist w ith  subord inate  am phibolite  ( V r a g o v i c  — 
M a j e r ,  1980; P a m i ć ,  1985). These rocks are, in some places, extensively  
m igm atitized. Some oil w ells in th e  neighbourhood of M oslavačka G ora Mt. 
p enetra ted  the  low er grade m etam orphosed  p a rts  of th e  sequence rep resen ted  
by phyllite, greenschist and  m arb le  ( P a m i ć ,  1986).

The da ta  for m etam orphic  rocks from  Mts. M oslavačka Gora, P rosara  and 
M otajica indicate th a t th ey  orig inated  un d er PT-conditions of greenschist and
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amphibolite facies. H igher-grade parts of the sequence in Moslavačka Gora 
Mt. characteristically contain andalusite and cordierite (V r a g o v i ď— M a j e r, 
1980; P a m i ć ,  1985) and the same m inerals have been found in some am phi­
bolite facies rocks of M otajica Mt. (V a r  -i c a k, 1966). Accordingly, these m eta- 
morphic rocks from w estern parts of the zone of Alpine granitoids can be 
considered as an Abukum a-type m etam orphic sequence (M i y a s h  i r o, 1961).

By contrast, there are not adequate petrologic and geologic data on m eta­
morphic rocks from eastern parts of the zone in the Cer, Bukulja and Boran ja 
Miś. Based on data from the literature, m etam orphic rocks around granite 
bodies of the Cer and Boran ja Mts. are Late Paleozoic, but there are also 
some m etam orphosed Upper Cretaceous sediments ( K a r a m a t a ,  1955; K n e- 
ž e v i c ,  1962). A continuous zone of m etam orphic rocks around the Bukulja 
granite body, consisting of varieties of gneiss, micaschist and marble, has been 
assigned to the Paleozoic in its w estern parts ( F i l i p o v i  ć, pers. commun.) 
and to the Upper Cretaceous in its eastern parts ( R a d o v a n o v i  ć, pers. 
commun.). U nfortunately, both interpretations are based only on correlation 
and speculation; no paleontologie or isotopic evidence has been presented.

Consequently, m etam orphic rocks in the eastern part of the zone of Alpine 
granitoids and metam orphic rocks cannot be yet positively correlated w ith the 
corresponding ones in its western part. However, their geotectonic setting, 
isotopic ages of granitoids, common lithologies and the mode of occurrence 
of m etam orphic rocks suggest that the metam orphic rocks from the Cer and 
Bukulja Mts. belong, at least partly, to a single geotectonic zone. Future 
research should pay particular attention to the distinction between regionally 
metamorphosed sequences and hornfelses, the la tter being common in contact 
areas surrounding granite bodies in nearly all mountains of the zone.

It should be noted th a t low-grade m etam orphic rocks originating from Upper 
Cretaceous sediments were encountered in deep oil wells in the basement of 
the Pannonian basin (Fig. 3) in the flat area between the Cer and Motajica 
Mts. (J e  l a s  к a — P a m i ć, 1979; P a m i ć, 1986).

Rocks of the granite-granodiorite association characteristically occur w ithin 
m etamorphic rocks as small intrusive bodies. Granites intrude into surrounding 
m etamorphic rocks as shown by the structural relations, by frequent occur­
rences of calc-silicate rocks (skarns) and hornfelses in the exometamorphic 
ones and by extensive tourm alinization (Tab. 2).

Normal granites, and leucocratic and aplitic granites are the most common 
rock types, and they have been found in varying quantity in all granite 
bodies except the one in Boranja (Tab. 2). Quartz monzonite and granodiorite 
make up part of Mt. Cer and all of Mt. Boranja. Small masses of quartz 
diorite, diorite and gabbro have been discovered only in Mt. Moslavačka Gora 
( P a m i ć ,  1987a).

Such a large range in differentiation trend  suggests that Alpine granitoids 
of the zone are I-type granites. However, they have some striking characteristics 
of S-granites as shown by their com paratively low content of Na20  and low 
Fe20 3 : FeO ratio (Tabs. 2 and 3). In addition, the granitoids from many 
places contain accessory garnet and in some places cordierite and andalusite. 
Despite the lack of complete documentation, it can be presumed th a t the 
granitoids from the zone of Alpine granites and metam orphic rocks are S-type 
granites ( C h a p p e l l - W h  i t  e, 1974). K a r a m a t a  and D j o r d  j e v i e
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(1980) studied the evolution of Late Cretaceous—T ertiary  igneous complexes 
in eastern Yugoslavia, including rocks of the granite-granodiorite association 
from  the Cer, Bukulja, and Boranja Mts. They concluded tha t the granites 
belong to a potassium -rich province and th a t they are of crustal (continental) 
origin and thus can be implicitly classified as S-granites.

Most recently, Eearly Alpine granites have been found north  of the granite- 
-m etamorphic zone of the northernm ost Dinarides in Mt. Požeška Gora (Fig. 1). 
The granites occur as small bodies invading Upper Cretaceous cogenetic silicic 
rhyolites and consist mostly of alkali-feldspar granites (alaskites) w ith sub­
ordinate alkali-feldspar quartz syenites. Based on some of their geochemical 
features, these granites could be А-type granites (P a m i ć, 1987; C o l l i n s  
et al., 1982).

Discussion

On the basis of data presented above, it can be seen that, despite their 
spatial proxim ity and apparent sim ilarity in lithology, the granite-m etam orphic 
complexes of the northernm ost Dinarides and southw estern parts of the Panno- 
nian basin display distinct differences in geotectonic setting, age and detailed 
petrographic features of both igneous and associated metam orphic members. 
Although the granite-m etam orphic complexes were included by some authors 
( K o b e r ,  1952; P e t k o v i c ,  1958) in one single geotectonic unit w ithin the 
Dinarides, i t  is evident th a t a distinct difference in geotectonic setting between 
the Hercynian granite-m etam orphic complexes of the Slavonian M ountains 
and the Alpine ones of the Moslavačka Gora—Prosara—Motaj ica—Cer—Bu­
kulja zone exists. The complexes occur in two essentially different structural 
and geotectonic settings. The Hercynian granite-m etam orphic complexes of 
the Slavonian M ountains are located north  of the Sava river, w here the 
Mohorovičiíc discontinuity is a t depth of about 22 to 27 km. The jAlpine 
complexes are located south of the Sava river where the Mohorovičic 
discontinuity gradually increases to a depth of about 40 km  below the Dinarides 
( R o k s a n  d i e ,  1969). This difference in deep structure is also reflected in 
the surficial structures — the Dinarides represent a typical compressional area 
and the Pannonian basin a typical tensional area. The zone of Alpine granitoids 
and metam orphic rocks of the Prosara—Motaj ica—Cer—Bukulja trend can be 
taken as a boundary between these two technically  contrasting areas (P a- 
m i 6, 1985).

In such a geodynamic interpretation  the zone of Alpine granitoids and 
metam orphic rocks occupies an im portant tectonic position w ithin the Alpine 
chain. The exposures of Alpine granitoids and associated penecontemporaneous 
metam orphic rocks are accompanied in m any places by Tertiary andesites tha t 
are superficial parts of a relict m agmatic arc ( P a m i ć ,  1977). The Upper 
Cretaceous—Paleogene flysch sediments may thus have been derived from 
the  magmatic arc and been deposited in the adjacent fore-arc and trench 
( J e l a  s k a ,  1978); axial parts of the la tter probably m ark an ancient sub- 
duction zone along which Mesozoic oceanic crust was consumed.

Consequently, Alpine granitoids and m etam orphic rocks of the Prosara—Mo- 
tajica—Cer—Bukulja zone might have originated along a m agm atic arc th a t
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V>G
MAa

Fig. 5. Palinspastic map for Jurassic—Cretaceous boundary (A u b o u i n et al., 1986) 
with the proposed correcture for the extension of subduction zone in front of

Moesian block.

Notes: 1 — oceanic subduction; 2 — thrust; 3 — spreading ridge; 4 — horizontal fault. 
В — Brianconnais; EP — Eastern Pontides; L — Lombard; LAa — Lower Austro- 
- A lpine; M — Moesia; MAa — Middle Austro-Alpine; RH — Rhodopes; ТА — Tatras; 
UAa — Upper Austro-Alpine; VL — Lalais; WP — Western Pontides.

formed above a subduction zone during the final stages of closure of the  
Dinaridic parts of the Tethys ocean ( D e w e y  et al., 1973).

Detailed evolution of the inferred magmatic arc cannot be reconstructed 
on the basis of available data. Most of the isotopic ages on Alpine granites 
and metam orphic rocks are Upper Cretaceous to Early Tertiary, indicating 
th a t the magmatic arc was already in existence. Some of isotopic ages indicate 
th a t granite intrusion took place at the Turonian—Senonian boundary. In 
any event, the data available to date do not allow reconstruction of the in itial 
stages of the m agm atic arc. If the magmatism can be genetically related to  
subduction of Mesozoic oceanic crust, which began in the Dinarides in th e  
Late Jurassic ( L a n p h e r e  et al., 1975), it m ight be presumed tha t in itial 
stages of the existence of the magmatic arc were coeval w ith  the beginning 
of subduction itself. P relim inary radiom etric data indicate the presence of 
Jurassic granites w ithin the zone, thus th a t the magmatic arc m ight have 
started  by the end of the Jurassic.

This idea fits quite well w ith the most recently proposed subduction zone 
in front of the Moesian block, i.e. V ardar zone (A u b o u i n et al., 1986). In 
fact, the subduction zone proposed in this paper represents a continuous no rth ­
w estern extension of the long one proposed by D e r c o u r t  et al., (1986)
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which Stretches from the area of the present V ardar zone further to the "easjt 
to the Zagros Range (Fig. 5). A lternatively, counterclockwise rotation of A puli| 
w ith respect to Africa for about 30° during the Cretaceous, as proposed bý 
the same authors, might have displaced the rem nants of the subduction zone 
In front of the Moesian block fu rther to the northwest. i
1 The high heat-flow connected w ith granitic plutonism along the presumed 

magmatic arc metamorphosed the surrounding Upper Cretaceous—Paleogene 
flysch sediments into an Abukuma; (?) type sequence . under PT-conditionjs 
of greenschist and amphibolite facies. This m etamorphic phase, which is not 
at present sufficiantly bracketed by radiom etric data!, can be chronologically 
Correlated w ith Eoalpine and Mesoalpine m etamorphic event? of the Central 
and Eeastern Alps ( F r e y  et al., 1974, and others). \ j

Final stages of magmatic arc and the initial stages of its destruction máy 
be connected w ith the beginning of the evolution of the Pannonian basip. 
After the m ain th rust and im bricate structures were formed during the Pyf- 
renean phase in the adjacent Dinarides, small basins originated along largq 
strike-slip faults in the area of the present Pannonian basin ( R o y d e n  et alj, 
1983; H o r v a t h ,  1984 and others). According to this idea, systems qf 
conjugate transcurrent faults w ith movements directed towards the northeast 
and northw est can account for the east-west extension of the huge area 
located between the present Carpathian Mts. and the Dinarides. The extensional 
process gave rise to a mosaic-block structure of the basement of the Pannonian 
basin, w ith great differences in geology from one block to another. The 
proposed mechanism implies th a t in some blocks, transform  faults can be 
locally converted into reverse faults. Along these faults, the Hercynian granite- 
-m etamorphic complexes from  the basement were th rust over younger Tertiary 
sediments ( H o r v a t h  — R o y  d e n ,  1981).

At the end of the Alpine orogeny, the processes of extension and attenuation 
of continental crust began in the area of the present Pannonian basin and 
were related to uplift of the upper m antle. These geodynamic processes must 
have given rise to at least partia l destruction of the magmatic arc, which 
became gradually masked by sediments of the Pannonian basin. At tha t time, 
strong volcanic activity took place and during Early Miocene produced ande- 
sites and dacites, frequently w ith  tuffs, in the area of already destroyed and 
modified m agmatic arc along the present northern  Dinarides. It also produced 
andesite-basalts, also w ith tuffs, in southern parts of the Pannonian basin, 
behind the arc. High heat-flow connected w ith the magmatic activity gave 
rise to the next metam orphic event, which can be correlated w ith the Neo- 
Alpine phase of the Central and Eastern Alps ( F r e y  et al., 1974 and others). 
The end of the volcanic activity probably m arked the end of subduction.

It the evolution of the present Pannonian basin was really due to extensional 
processes brought about during attenuation of the crust and by uplift of the 
upper m antle, than  one m ay ask w hat existed in this area before the form ation 
of the Pannonian basin? Based on our present knowledge, the Pannonian 
basin is bordered by two subduction zones: the first one stretches along the 
Carpathians ( S t e g e n  a et al., 1975; S z a d e c z k y - K a r d o s s ,  1975 and 
others) in the north, and the second one along the northern  Dinarides in 
the south, as discussed in this paper. But, th a t should imply that the Neotethys 
was characterized by two active continental margins! J  e 1 a s к a (1978) em pha­
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sized tha t Upper Cretaceous—Paleogene flysch of the northern Dinarides shows 
a positive correlation w ith the stratigraphically same flysch of the Carpathians, 
and B a l i a  (1986) presented an idea that flysch basins of the both m ountain 
systems represented one single paleogeographic unit during the Late Cretaceous 
and Paleogene. Thus the present Dinarides and Carpathians represented a Single 
paleogeographic unit before the beginning of the evolution of the  Pannonian 
basin, which commence to pull-apart by extensional processes in post-Paleogene 
time. If so, then two proposed subduction zones of the Carpathians and Dina­
rides should be complementary to each other, i.e. they m ight represent a 
complementary pair originated from  a previously existing single m agm atic 
arc of Neotethys. This idea is strongly supported by the fact that paleotransport 
direction and accessory minerals in flysch sedimentes of the northern  Dinarides 
indicate tha t the source area was generally located northern of the present 
Dinarides (J e 1 a s к a, 1978; S o k 1 i ć, personal commun.).

In such a geodynamic consideration, it is interesting to ask w hether the 
zone of Alpine granitoids and penecontemporaneous m etamorphic rocks in the 
Prosara—Motaj ica—Cer—Bukulja area shows any correlation w ith similar 
complexes) in the adjacent Alps and Hellenides. The correlation in the southern 
direction towards the Hellenides is obvious and comparatively simple. The 
presumed subduction zone w ith Alpine granitoids as described in  this paper 
extends continuously to the south along the adjoining area of the easternm ost 
Dinarides and Serbo—Macedonian Massif to southern parts of the V ardar 
zone in Yugoslavia and Greece (D. i m i . t r  i j  e v i c ,  1974; P a  mi ć ,  1977). Here, 
the zone also includes rocks of Alpine granite-granodiorite association, Cre­
taceous flysch and "paraf lysch” sediments, ophiolites and “Mesozoic m eta­
morphic rocks”. Prelim inary isotopic data for granitoids from some localities 
indicate Late Jurassic (the Furka granites) and T ertiary  ages (D e l e o n, 1969). 
D i m i t r i j e v i  ć (1974) presumed the existence of Mesozoic metam orphic 
rocks in the area of presumed m agmatic arc, i.e. subduction zonę. But M a r- 
c i e r  (1966) presented evidence for two Mesozoic phases of m etam orphism  in 
the southern parts of the V ardar zone in Greece which took place during the 
Late Jurassic—Lower Cretaceous and the Senonian—-Paleogene.

The correlation is much more difficult in the northw estern direction towards 
the Alps. It is well known that the Dinarides continue w ithout interruption 
towards the northwest into the Southern Alps whose northern boundary w ith 
the Eastern Alps is defined by the Periadriatic Lineament. Numerous papers 
have been published on the main characteristics of the Periadriatic Lineament; 
these have been summerized by B o e g e l  (1975) and E x n e r (1975), and for 
its easternm ost part in Yugoslavia by M i o č (1984). E x n e r (1976) emphasized 
that granitoid masses w ith isotopic ages from 45 to 24 Ma are very common 
along the Periadriatic Lineament. As far as m etamorphic rocks are concerned, 
if the definition proposed by B o e g e l  (1975, p. 165) is accepted, "Die Peri- 
adriatische Naht, bzw. das Periadriatische Lineament ist eine Stoerungszone, 
die alpin-m etam orphen oder wenigstens teilwise alpin-m etam orph been- 
flussten Gebiete der Ost — und Westalpen von den Suedalpen, denen 
eine solche Beeinflussung fehlt, ab tren n t”, then a correlation between the 
area of the Periadriatic Lineament and the adjoining area of the Dinarides 
and Pannonian basin is obvious. The Dinarides represent continuous south­
eastern extension of the southern Alps, hence it is reasonable th a t the Pro-
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sara—Motajica—Cer—Bukulja zone has some basic characteristics which are 
in  common w ith the ones of the area of the Periadriatic Lineament.
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