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JAKOB PAMIC*

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.)

Abstract: Hercynian granitic-metamorphic complexes occur in the
Slavonian Mountains located in the southern parts of the Pannonian basin
where the Mohorovigié 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—Motaji-
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 Moslavadka Gora and Pozeska Gora Mits.
located in the Pannonian basin, Alpine metamorphic rocks consist of
greenschist and amphibolite facies rocks of Abukuma (?)-type meta-
morphic sequence, and in some places with migmatites invaded by
S-type granitoids. Alkali-feldspar granites of Poze$ka 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
basin, which was created during crustal thinning and uplift of the upper
mantle, The Alpine granitic-metamorphic complexes are spatially con-
nected 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,

Pe3wome: TepumHckue TDAHUATHO-METAMOP(MUYECKUE KOMIUIEKCH BCTpEYa-
10TC1 B CIaBOHCKMUX ropax, PaCIIONAralUIMXCs B IOXKHBIX yadrsx IIaHHOH-
CKoro 6acceiHa, rae cioi MoxopoBuuuya Ha rnybuHe 22—27 KM. MO3KHO
PasINuNTL ABA TPAHUTHO-METAMOD(MDUUECKUX KOMIJIEKCA: 1 — IIcynbckuit
KoMmIIekc o6pasyer metamopduyecKas NOCIEN0BATENbHOCT 6APPOBCKOTO TH-
na (?), MHTPYAMPOBAaHA rpPaHUTOMIAMM I-tuna; 2 — Tlanykckuit KomInIekc
CIOJKEH TaKXKE U3 METAMOPMUYECKON IOCIENOBATENBHOCTH GappOBCKOro TH-
na (?), conpoBOKRAEMON TpaHUTOMAAMU S-THIA.

AJBTIIMACKUE T'PAHUTHO-METAMOPMUYECKME KOMILIEKCH o6pasyior 30Hy IIpo-
capa — Moranuna — Llep — Bykyus, KOTOpas MPOCTUPAETCA OKOJIO 300 KM
Ha 10r OT peKu CaBa B CaMbIX CEBEPHBIX Aunapunax. 30Ha TakKe BKINOYAET
TPaHUTOUABL U METaMOpPUUECKME MTOPOMEl MOCIABAUYKOIL Tropsr 1 ITOXKEIKOi
TODBI, HaXOAAMUXCA B ITAaHHOHCKOM 6acceifHe. AJbIMitCKue meTamopduuec-
KME IIOPOABL COCTOAT M3 IOPOX 3€NEHOLBETHOCIAHLEBOH ¥ ambuboauToBOI
dammit MeramopduuecKoi TOCIENOBATENBHOCTH THHA AGYKYMHI (?) M MecTa-
MU C MUIMATUTAMM, MHTPYAMDOBAHHBIMM TIDAHMTOMAAMM S-TUIIA. II{enoyHO-
-“TIONICBOIIIIATOBEIE I'DAHUTEI ITOXKEHIKOM TOPH SABIAIOTCS rpaHuTamMu A-tuna.
COBpPEMEHHOE NIPOCTPAHCTBEHHOE bacnpeneNeHne repUMHCKUX M ANbIIMIACKUX
TPAaHUTHO-METAMODPPUUECKUX KOMILIEKCOB CBA3AHO C 9BomonMeNn ITaHHOHCKO-
ro 6acceina, KOTOpbt 6bl1 06pa30BaH BO BPEMs YTOHEHMS 3E€MHOM KOPHI
Y IOOHATUSL BEPXHEM MAHTUU. AJbIINICKUE TPAHUTHO-METAMODUUECKHUE KOM-
IUICKCBl  TIDOCTPAHCTBEHHO  CBA3aHBI C  BEPXHE-MEJOBBIMMU-TIATIE Or€ HOBBI MM
(bIMIIEBBIMY €AMHEUIAMU. DTH TOPOAB! GblIM METAMOPMU3OBAHEL BIOJb npeg-
11071araeMoi 30HbI CYGOYKLMH, KOTOPYIO MOJKHO HabmoxaTh 0KOJO 500 KM Ha.
10T OT BapnapcKost 30HbI.

* Dr.J. Pamié¢, Institute of Geology, Sachsova 2, 410 00 Zagreb.
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Introduction

Granitic rocks associated with various metamorphic rocks are very common
in the northernmost Dinarides and southern parts of the Pannonian basin. They
occur near the Sava river, and to the north in Moslavatka Gora Mt. and
Slavonian Mountains (Psunj, Papuk, Krndija and Pozetka Gora) and to the
south: the Prosara, Motajica, Cer, Bukulja, and Boranja Mountains (Fig. 1).
All these granitic-metamorphic complexes appear to have similar lithologies
and consist of rocks of granite-granodiorite association, and different meta-
morphic rocks including phyllite, micaschist, quartz-muscovite schist, green-
schist, amphibolite and gneiss that formed under the PT-conditions of green-
schist and amphibolite facies. The granite-metamorphic complexes of the
Prosara—Motajica—Cer—Bukulja Mts., stretching along and near the southern
margin of the Pannonian basin, are included within the Inner Dinaridic Horst
zone (Petkovié, 1958) and the Vardar zone (Dimitrijevi¢, 1982). The
granitic-metamorphic complexes of the Moslavacka Gora, Psunj, Papuk, Krndija
and Poseska 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 “Oriental
Land”, Alps, Dinarides etc. All tectonic interpretations so far available on the
latter area are compiled in Sparicaand Pamic¢ (1986).

Granitic-metamorphic complexes of the northernmost Dinarides and southern
parts of the Pannonian basin have not been studied in detail. Petrological
papers deal mostly with granitoids; for example, Boranja Mt. (Karamata,
1955), Cer Mt. Knezevig, 1962), Papuk Mt. (Vragovig¢, 1965), Psunj Mt.
(Marci, 1973; Pamié et al, 1984); Krndija Mt. (Pamic¢, 1988), Moslavacka
Gora Mt. (Pamié et al, 1984a) and Pozeska Gora Mt. (Pamié¢, 1987). Some
papers deal with the associated metamorphic sequences, such as Papuk Mt.
(Raffaelli, 1964), Krndija Mt. (Jamidi¢, 1983; 1988), and Prosara and
Motajica Mts. (V arid¢ak, 1957, 1966).

Few geological data are available for these granitic-metamorphic complexes.
For this reason their age have frequently been subject to speculation. For
nestly o hundred years, these complexes have been considered to be Precambrian
or Fule ozoic but without any paleontologic or isotopic evidence. Recently, new
data have been collected that allow a new approach to the understanding of
these granitic-metamorphic complexes.

The aim of this paper is to combine the petrology and geology of the gra-
nitic-metamorphic complexes of the northernmost Dinarides and southwestern

A

Fig. 1. Schematized geological map of the adjoining area of the northern Dinarides
and Pannonian basin with the index-map taken from Parotto—Protuilon

(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-Pe¢
transversal fault.
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Pannonian basin within the framework of modern geodynamic theories. Their
present spatial distribution and interrelationships are intimately connected with
the evolution of the Pannonian basin. This basin is the result of crustal thinning
and uplift of the Mohorovi¢i¢ discontinuity and upper mantle during Miocene
extension. The granitic-metamorphic complexes of the Papuk, Psunj and
Krndija Mts. are Hercynian in age, and the complexes of Moslavacka Gora,
Poetka Gora, Prosara, Motajica, Cer, Bukulja and Boranja Mts. are mostly
Early to Middle Alpine! in age. The latter are spatially connected with rocks
of Upper Cretaceous—Paleogene flysch that 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 Vardar zone.

Geological data
The Hercynian granite-metamorphic complexes

Highly metamorphosed rocks which occur in central parts of the Psunj,
Papuk and Krndija Mts. have been considered long as Archaean (Gorja-
novié—Kramberger, 1897; Koch, 1919; Poljak, 1952) and were
distinguished from semimetamorphic rocks of presumed Paleozoic (mostly Si-
lurian and Carboniferous) age which occur in their marginal parts. Raffaelli
(1964), Vragovié (1965) and Tajder (1969) presumed that the Paleozoic
semimetamorphic rocks were metamorphosed under PT-conditions of green-
schist and amphibolite facies and partly migmatized and partly invaded by
granites during the Hercynian orogeny. Jami¢i¢ (1983) distinguished in the
Slavonian Mountains: 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
estimated from palynological data (Brki¢ et al, 1974), and the age of the
first 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 metamorphic
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 Jamici¢ (1988),
Sparica, and Korolija.

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 esinga, 1975) correspond to Eoalpine
and Mesoalpine phases commonly used in the dating of metamorphic and tectonic
events of the Alps (Dal Piaz etal, 1972; Triimpy, 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. Krndija (Fig. 2).

This is the only granite-metamorphic complex for which there are neither
paleontologic nor radiometric age data.

K/Ar and Rb/Sr determinations are in progress and preliminary data point
mostly to a Hercynian age, as presumed by Raffaelli (1964) and Marci
(1973).

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

Rb/Sr measurements on micas from rocks of the complex give 279 and
285 Ma (Tab. 1) and indicate Uppermost Carboniferous to Lower Permian
age (Deleon, 1969). K/Ar and Rb/Sr determinations 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 latter are most probably the protolith for both of the
granitic-metamorphic complexes (Raffaelli, 1964; Vragovié¢, 1965).

Rocks of the Psunj and Papuk granitic-metamorphic 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 (Pami¢, 1986; Kemenci—
—Canoviég, 1975).

Rocks of both the Psunj and Papuk granitic-metamorphic complexes can be
correlated with 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 Precambrian
to Permian (Jantsky, 1978). The most recently obtained data using several
radiometric dating methods from several laboratories indicate that all of the
granitic-metamorphic complexes of Hungary are Hercynian (Balogh et al,
1983).

Jamic¢ié (1983) is of the opinion that the granitic-metamorphic complexes
of the Slavonian Mountains are thrust as a whole with north vergence over
the surrounding Tertiary sediments of the Pannonian basin. New data on
tectonics of the adjacent Mt. PoZeika Gora (Sparica—Pamié, 1986) show
that the Upper Cretaceous volcanic-sedimentary complex, which is invaded
by Alpine granites, is horizontally thrust over young sediments of the Panno-
nian basin. Sparica (pers. commun.) found young thrust structures but with
south vergence in the adjacent Mt. Dilj in eastern parts of Slavonija. Similar
reverse and thrust (?) 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 ami ¢, 1986).

The new tectonic data on reverse and thrust (?) structures in the southern
parts of the Pannonian basin have not yet been evaluated, so that it is difficult
to give a coherent tectonic interpretation. It is doubtful that such reverse
structures can be considered to be thrust faults in terms of the classical
Alpine geology! Their origin is connected with young strike-slip faults with
large displacements and between which, in some blocks, folding and even



GRANITIC-METAMORPHIC COMPLEXES IN YUGOSLAVIA

Tablel

265

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

CER
Cakesina
Southern slopes

BORANJA
Boranja

| Desivojski potok

Boranja

MOTAJICA
Motajica 1
Motajica 2

. Motajica 3

Borehole Visoka Greda,

Sample 1

Borehole Visoka Greda,
Sample 2

MOSLAVACKA GORA
- Moslavacka Gora 1

Moslavacka Gora 2

'+ Moslavac¢ka Gora 3

Velika Sredska
Kamenica

Garié¢ Grad
Borehole Kriz 1
Borehole Kriz 2
Borehole Vrbovec 1

Rock Mineral
Alpine
granite biotite
pegmatite muscovite
granodiorite biotite
granodiorite biotite
granodiorite biotite
granite biotite
granite biotite
two-micas
granite biotite
muscovite
biotite amphi-
bolite hornblende
biotite
biotite amphi-
bolite hornblende
granite biotite
granite biotite
gneiss-granite biotite
granite biotite
pegmatite biotite
amphibolite hornblende
biotite granite biotite
biotite granite biotite
biotite

biotite granite

Hercynian

K/Ar agel Rb/Sr age?
10.8 Ma
10.7+1
24
27+2
2942
23+5
1743
72
28

48.5 Ma

38.5

43.2

27.2
90+5
62
64

7042

57+

88+3

61+4-2

64.9

27.2

PSUNJ

PAPUK
Papuk 1
Papuk 2

H Papuk 3

gneiss
two-micas
granite
pegmatite

biotite

biotite
muscovite

No published data

283

279
285+10

! Data published by Pamié (1985)
* Rb/Sr model ages published by Deleon (1969)
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thrusting on a small-scale with different vergences might have taken place
(Horvath—Royden, 1981). The horizontal faulting and accompanying
folding and thrusting can be probably related to the extensional processes
that formed the Pannonian basin.

Alpine granitic-metamorphic complexes

Rocks of the Alpine granitic-metamorphic 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 margin of the Pannonian basin. The
zone starts at Prosara Mt. in the west, and stretches to the east through
the Motajica, Cer and Bukulja Mts., further to the south towards the Vardar
zone. The zone also includes penecontemporaneous granites and metamorphic
rocks of the Moslavatka Gora and Pozeska Gora Mts. located north of the
Sava river. Alpine granites and metamorphic rocks were encountered during
drilling in the Pannonian basement (Fig. 3) in some areas located between the
orographic units mentioned above (Pami ¢, 1986).

Upper Cretaceous—Paleogene flysch sediments, whose basal parts are in some
places interlayered with volcanic and pyroclastic rocks, characteristically occur
within the zone of Alpine granitoids and metamorphic 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 basement in the Pannonian basin (Kemenci—Canovi é, 1975; Je-
laska—Pamié, 1979). Upper Cretaceous sediments, interlayered with coeval
volcanics rocks of a bimodal basalt-rhyolite association and invaded by pe-
necontemporaneous granites, were also found in PoZeika Gora Mt., north of
the Sava river (Pami¢—Sparica, 1983; Pamié, 1987).

For nearly one hundred years, granitoids and the associated metamorphic
rocks of Moslava¢ka Gora, Prosara, Motajica, Cer and Bukulja Mts. have been
considered, without any evidence, to be Precambrian or Paleozoic in age
(Koch, 1899; Katzer, 1924/25; Simi ¢, 1953; Jurkovié, 1962; Variéak,
1966 and others). Deleon (1969) was the first to present radiometric data
pointing to the Late Cretaceous—Tertiary age of these granitoids. More
recently, additional isotopic data show Late Cretaceous—Tertiary age (P a-
mié, 1985), not only for the granitoids but also for some of the associated
metamorphic rocks of the Moslavadka Gora and Motajica Mountains (Tab. 1).

The Tab. 1 indicates that three groups of radiometric ages can be distin-
guished: 1 — Early Alpine (mostly Late Cretaceous) with approximate span

A

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 Pami ¢ (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 Moslavadka 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) with approximate span
between 45 and 30 Ma; and 3 — Late Alpine (mostly Miocene) with approximate
span between 10 and 25 Ma. The evaluation of these radiometric data has
been presented in a separate paper (Pami¢, 1985).

Pantié and his coworkers have made a breakthrough in stratigraphic
treatment of metamorphic rocks associated with Early to Middle Alpine gra-
nitoids. In many places within this zone they have found Late Cretaceous
and Paleogene pollen in slates and phyllites previously thought to have been
Archaean or Paleozoic (Pantié—Jovanovig, 1970; Panti¢ et al., 1972;
Aleksi¢—Pantig, 1972). .

Consequently, the zone of Moslavacka 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 radiometric
data, and the age of the associated metamorphic rocks by both radiometric
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
unitsy this is an ordinary feature of all orogenic belts. The generally prevailing
opinion is that the Dinarides are multiply folded and that they display typical
thrust and imbricate structures with southwestern vergence developed pri-
marily during A-subduction (Her ak, 1986). However, this generally accepted
opinion must be questioned for the northernmost Dinarides. For example, V a-
riéak (1966) located a thrust fault with north vergence along the northern
margin of Motajica Mt.; the axial planes of folds in the metamorphic rocks
which make up its southern parts also show characteristic north vergence.
Laskarev (1930) is of the opinion that thrust faults with north vergence
are also typical of Bukulja Mt.

There are no reliable data on the tectonics of the northernmost 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 main 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 major
element averages (Tab. 3) and by the Na,O + Ky,O — CaO — FeO + MgO
triangle (Fig. 4).

Hercynian granites and metamorphic rocks

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

The Psunj complex consists of gneiss, micaschist, amphibolite, greenschist,
phyllite and quartzite with subordinate marble. In tectonically undisturbed areas



269

GRANITIC-METAMORPHIC COMPLEXES IN YUGOSLAVIA

(pL6T)11B T “(0861) 19 [R NP DIAOSBIA (G96]) P1A0SBIA ((9961) M EDIIBA ‘(F96T) I[[9BFJey
Te Jo prwed f(9861) drwe g {(gL6T) 10IB A ((g96T) 2149z U {(SG61) B3

9}1I31PI0D
pue ajISn[epuy

| SUIBYS SUE SIS[a}
'-uaoy pasoydrow
| -ERW-joRIu0)

, 1301q jo
| uonezioquydwy |

' (@) enpeusew-

| -9j1ue)} 168°Q SI
LonelI Q'O
W wmmpw\g«

, ag8rjuadtad
I 19'¢ = O°Y pue
| 0%'€ = O8N

,
! sejrihydrods)ia
fo%ocmpw pue sa3
-ruozuow zjienb

‘S911I01POURID

elueiog

Qjrurw

-1[IS pue 3}Isn|
-epue {jaured pue
911301q ‘931A0SNIA

SUIess pur

lsestayuIoy pasoyd |

-I0WedW-}08)
[-uo0p "s1S1YOSLIIW
pue sasspun

[
uonezu

-I[ewanoy ‘9313019

-opnasd 931a
-02snu juenbaly

-9j1ue}l} (H0'T SI
ones O3 0%d
ageIaAy

9g3ejuadrad
I€F = O pue
LT'E = O*eN

S]UDIU0D 98rIdAY | S]ULlU0D SZrIdAY f

sexdydiodsjru
| ~BJI3 pue S3}LIoIp
-oueIg ‘s9jIURIS
aprojde ‘ssjiu
~-0ZUowW Z}JIEeny)

, htle)

183201 d1ydaowe)aw PaJRIDOSSE 3Y) PUR s3jrueds 10y elep didojosjad dlseg

I93ye sydaouw !

(¢) 9313ousew- |

o3Isny
'-epur pue® 9}1I91PI0d
‘joutes pue 9j1301q
' ‘931I0TYD ‘931A0DSNIA

sas[ajuaoy pasoyd
% ~I0WBIDW-}OBIU0D)
‘s931Z30eNnb pue
sorqaew ‘s9I[1Ayd
‘$1S1YOSu2aa8 ‘s9)
-roqrydwe ‘sysiyos
-BOIW ‘S9SSTIaUL)

uoneziuifewt

-INno} {931301q I9je
sydiowopnasd 931400
-SNW UOWWIOD AI9A

ajruawl (;) 9313
'-ouBew ¢g0 SI onjea
OdJd:YQ% g 98eIoAY

,, agejuadrad
bL'€ = O pue
GL'Z = O8N
1S1UUOD AFRIDAY

soxdydaod
-9j1uead pue
solruead aprojde
Yjim sajluerd

BII[RIOIT

9}IUBWI[[IS PUR 391§
-Nepuk ‘9}1I9IPI0D
‘91101q ‘9}1400SNIN

suleys pue
$9s91d9juaoy pasoyd

'$391111Ayd pue SI9[
-gJew ‘s}SIYOSudxIy
yiism SSToyaloq

iSISTYOSEIIW ‘SISSIDUL)

asnepue {sydiow
-opnasd 9j1a00snwl
92JBDS Y}im 9113019

9j1ue}I} 1680 SI orjel
O92.0:*Q% 98eI0AY

CL'y F O pue
88’2 = O‘eN
1S3UdIUO0D 9BBIDAY

soarqqes
PuR $91LI0Ip d}eUIPIO
-qns yjim sejrueIn

| BI0D BYQRARISOI

¢2lqelL

~IOWEOW-1083U0)) |

ur ‘sajroqiydwe pue !

agdejuadrad |

| 911lueLy pue 3jlu
-BUWI[[IS ‘9}1]0INE]S

‘euaes ‘sj1301q
93101y ‘S)TA0ISNIA

sadusnbas
adAj-urraocaieg
poAIaSaIg

‘saj1zaenb pue s91
“qrew yim sayqiAyd
‘s3S1yOsuasag ‘soy
-noqrydwe ‘sjsiyos
-BOIW ‘S9ssIouULn)

9]1I9IPIOD pUR |

apua[quioy
900BDS YjIm d1j01g

1R
-gusew ‘0g'T SI onjer
Od:tQ%d 98eI2AY

agejuadiad

66y == O°31 pue

39'v = O°eN
1SJUdU0D 98BIBAY
saseqeIp-oaqqes

pue Ss1LI01IpP djBUIPIO
-qns yjim dljse[oe]
-BD A[jsowr ‘ssjraorp
{-ouelg pue S$3jIURID

'

UBIUADIS Y

<(BP86T PUB $86T)

rwWeEIRY '4q paysiiqnd sisded uo paseq ,

aj1ueky
pue sjruewiIqs
‘j1joane)s ‘4au
-Jeg ‘9nolq ‘9
-0TYD ‘931A02SNIA

sajoqrydwe
?jeUIpIOgns

Yjim S9ssoud
‘$1STYOSBOIW
‘s9TIAyd :s90
-usnbas adL£)-ueia
~olIeqg paaJesaxd
U}l S9jRWwSIIA

joutes (spusiq
-uIoy 32IBdS
AJIBA ‘931400
-Snul yim a1101g
9j1a14d pue
9}1ueln} 9%°Q SI
onex Oa4:t0%g
98rIdAY
98rjusdaad

6L°¢ = O3 pue
0Ty = O%N
1S3Ud3U0D
9geI9AY

ssjrueas

pue ss31I01p
zjaenb Yyjmm
$911I0TPOURID)




270 PAMIC

Table 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) l

SiO, 72.89 72.16 67.05 66.71 73.45 70.96 67.82 64.99 71.58 69.87
TiO, 0.25 0.15 055 0.50 0.32 0.18 0.21 0.28 0.20 0.37
AlO4 13.41 13.97 16.94 1499 13.38 15.97 16.75 16.56 14.95 15.73 |
Fe 04 099 225 091 111 089 1.64 1.60 1.81 0.76 2.43
FeO 0.89 084 197 252 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 0.78 066 137 1.86 0.60 1.01 1.01 2.00 0.57 0.27
CaO 0.81 3.33 291 226 122 161 2.66 3.75 1.45 0.51
Na,O 4.62 423 4.11 348 286 275 3.19 3.40 3.20 5.70
K,0 4.55 1.00 3.12 410 477 3.74 4.05 3.63 4.57 3.64
P,05 0.12 001 0.16 019 017 014 0.21 0.22 0.12 —_ i
H,O 0.88 120 1.16 159 110 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 |

Hercynian:

1 — I-granitoids of Psunj Mt.; (Marci, 1973) 2 — I-granitoids of Krndija Mt. (P a-
mié, 1988); 3 — S-granitoids of Papuk Mt, (Vragovié, 1965); 4 — S-granitoids
of Mecsek Mt. (Jantsky, 1978);

Alpine:

5 — S-granitoids of Moslavatka Gora Mt. (Pamié et al, 1984); 6 S-(?)-granitoids
of Motajica Mt. (Variéak, 1966); 7 — S-granitoids of Cer Mt. (KneZevig, 1962);
8 — S-granitoids of Boranja Mt. (Karamata, 1955); 9 — S-granitoids of Bukulja
Mt. (unpublished data); 10 — A-granites of PoZeSka Gora Mt.

(Number of available analyses are between brackets).

metamorphosed sequences show a distinct zonation: chlorite-biotite—~garnet—
—staurolite-sillimanite, in places with kyanite, which originated under PT-
-conditions of greenschist and amphibolite facies (Raffaelli, 1964; Jami-
¢i¢, 1983). Most recently Pamié¢ (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 metamorphic rocks are commonly invaded by small masses of gra-
nitoids. These masses in Psunj Mt. are made up mostly of granite with
subordinate granodiorite (M ar ci, 1973) and, in Krndija Mt. mostly of tonalite
with subordinate granodiorite (Pamié, 1988). This difference in rock types
is brought about by changes in the mineral paragenesis which consists of
quartz, oligoclase, biotite with subordinate muscovite and amphibole. Potassium
feldspar, represented mostly by postkinematic microcline, is in some granitoids
(for example, Psunj Mt.)) a major mineral, and in some of them (for example,
Krndija Mt.) nearly absent. The granitoids are characteristically cataclastic
and they are associated with subordinate quartz monzodiorite and diorite, and
gabbro (Pamié¢, 1988; Pamié¢ et al, 1984).

Some of the features of granitoids from the Psunj and Krndija Mts. such
as high Na,O content (4.62 and 4.23 per cent), high Fe,O; : FeO ratio (1.2 and
2.7) and the presence of quartz diorite, monzodiorite, and gabbro suggest that
they might be I-granitoids (Chappell —White, 1974). However, the
content of K,O varies; it is about 1 per cent in microcline-free granitoids
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from Krndija 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 with subordinate amphibolite. Within tectonically 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 where its highest parts grade into migmatites
(Raffaelli, 1964). Such prograde sequences occur both in the Papuk and
Psunj complexes. In fact, both of them are related to a single metamorphic
event and thus they represent one single Hercynian prograde metamorphic
sequence regardless if being migmatitized (the Papuk complex), invaded by
I-granitoids (most of the Psunj complex) or even without granitoids (parts
of the Psunj complex).

FeO+MgO Ca0

Fig. 4. K;0 + Na,0O — FeO 4 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 —
Pozeska Gora Mt.

The most striking characteristic of the Papuk complex is the presence of
different varieties of migmatites and anatectic granites (Vragoviég, 1965).
The anatectic bodies generally consist of granodiorite and quartz diorite
containing quartz, oligoclase and andesine, orthoclase, postkinematic micro-
cline-microperthite, muscovite and biotite with scarce amphibole; garnet is



279 PAMIC

a very common assessory mineral. Anatectic granitoids occur as veins a few
centimetres to several tens of metres thick, and also as large bodies which
cover a surface area more than 50 km?.

It is obvious that anatectites from the Papuk complex belong to the family
of S-granitoids with very low Fe,O, :FeO ratio (the average is 0.46). The
low content of K,O (the average is 2.71) and the higher content of Na,O (the
average is 4.10 per cent) probably are not representative because the averages
were calculated on the basis of a small number of the available chemical
analyses.

Alpine granites and metamorphic rocks

Alpine granite-metamorphic complexes have some peculiar characteristics
which are different from those of the Hercynian complexes. All of them are
characterized by the presence of comparatively small granite bodies surrounded
by regionally metamorphosed sequences, but commonly with hornfelses and
cale-silicate rocks (skarns) along their contacts (Tab. 2). The granites occur
as veins a few metres thick up to bodies commonly not larger than 50 km?.
In some areas, for example in Motajica Mt., metamorphic rocks cover larger
surface areas than the granite bodies. But several smaller granite bodies have
been geophysically detected in the deep subsurface of the area (L a bas, 1975).
By contrast, in the surrounding Prosara Mt., the regionally metamorphosed
sequence is cut only by vein bodies a few metres thick of graniteporphyry.

Metamorphic rocks of the Moslavacka Gora—Prosara—Motajica—Cer—Bu-
kulja zone have not been evenly studied in detail. They are best exposed
in the Motajica and Prosara Mts., where they have been studied by Varicak
(1957, 1966). He had the opinion that they belong to the Hercynian orogeny.
Based on Deleon’s (1969) radiometric data and pollen determinations by
Panti¢—Jovanovié (1970) it was thought that greenschist and amphi-
bolite facies metamorphic rocks of Motajica Mt. might have been produced
by metamorphism of the adjacent Upper Cretaceous flysch sediments due to
high heat flow related to the granite intrusions (Pamié¢, 1977). Most recently,
Pami ¢ (1985) gave petrographic evidence for gradational changes from Upper
Cretaceous sediments to prograde metamorphic sequence as follows: 1. shale-
_.slate-.phyllite~biotite phyllite--micaschist--gneiss; 2. sandstone--schistose me-
tasandstone-.quartz-muscovite schist-micaschist-gneiss; 3 limestone-crystalline
limestone—marble. In the adjacent Prosara Mt., the lowermost parts of the
metamorphic sequence are mostly covered by Neogene sediments and the
highest grade is greenschist facies due to lower thermal input provided by
the presence of much smaller granite bodies than in Motajica Mt.

In the northwestern parts of the zone, in Moslava¢ka Gora Mt., only higher
grade parts of the metamorphic sequence are exposed. This is represented
mostly by gneiss and micaschist with subordinate amphibolite (Vragovic¢—
Majer, 1980; Pami¢, 1985). These rocks are, in some places, extensively
migmatitized. Some oil wells in the neighbourhood of Moslavacka Gora Mt.
penetrated the lower grade metamorphosed parts of the sequence represented
by phyllite, greenschist and marble (P ami ¢, 1986).

The data for metamorphic rocks from Mts. Moslavacka Gora, Prosara and
Motajica indicate that they originated under PT-conditions of greenschist and
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amphibolite facies. Higher-grade parts of the sequence in Moslavadka Gora
Mct. characteristically contain andalusite and cordierite (Vragovié¢—Majer,
1980; Pamié, 1985) and the same minerals have been found in some amphi-
bolite facies rocks of Motajica Mt. (V a.rii¢ ak, 1966). Accordingly, these meta-
morphic rocks from western parts of the zone. of Alpine granitoids can be
considered as an Abukuma-type metamorphic sequence (Miyashiro, 1961).

By contrast, there are not adequaté petrologic and geologic data .on meta-
morphic rocks from eastern parts of the zone in the Cer, Bukulja and Boranja
Mts. Based on data from the literature, metamorphic rocks around. gramite
bodies of the Cer ‘and Boranja Mts. are Late Paleozoic, but there are also
some metamorphosed Upper Cretaceous sediments (Karamata, 1955; Kne-
Zevig, 1962). A continuous zone of metamorphic rocks around the. Bukulja
granite body, consisting of varieties of gneiss, micaschist and marble, has been
assigned to the Paleozoic in its western parts (Filipovié, pers. commun.)
and to the Upper Cretaceous in its eastern parts (Radovanovigé, pers.
commun.). Unfortunately, both interpretations are based only on correlation
and speculation; no paleontologic or isotopic evidence has been presented.

Consequently, metamorphic rocks in the eastern part of the zone of Alpine
granitoids and metamorphic rocks cannot be yet positively correlated with the
corresponding ones in its western part. However, their geotectonic setting,
isotopic ages of granitoids, common lithologies and the mode of occurrence
of metamorphic rocks suggest that the metamorphic 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 latter being common in contact
areas surrounding granite bodies in nearly all mountains of the zone.

It should be noted that low-grade metamorphic 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. (Jelaska—Pami¢, 1979; Pami & 1986).

Rocks of the granite-granodiorite association characteristically occur within
metamorphic rocks as small intrusive bodies. Granites intrude into surrounding
metamorphic 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 tourmalinization (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. Moslavatka Gora
(Pami¢, 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 comparatively low content of Na,O and low
FeyOy : 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 that the
granitoids from the zone of Alpine granites and metamorphic rocks are S-type
granites (Chappell—White, 1974). Karamata and Djordjevié
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(1980) studied the evolution of Late Cretaceous—Tertiary igneous complexes
in eastern Yugoslavia, including rocks of the granite-granodiorite association
from the Cer, Bukulja, and Boranja Mts. They concluded that the granites
belong to a potassium-rich province and that 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-
-metamorphic zone of the northernmost Dinarides in Mt. PoZeSka Gora (Fig. 1).
The granites occur as small bodies invading Upper Cretaceous cogenetic silicic
rhyolites and consist mostly of alkali-feldspar granites (alaskites) with sub-
ordinate alkali-feldspar quartz syenites, Based on some of their geochemical
features, these granites could be A-type granites (Pamié¢, 1987; Collins
et al., 1982).

Discussion

On the basis of data presented above, it can be seen that, despite their
spatial proximity and apparent similarity in lithology, the granite-metamorphic
complexes of the northernmost Dinarides and southwestern parts of the Panno-
nian basin display distinct differences in geotectonic setting, age and detailed
petrographic features of both igneous and associated metamorphic members.
Although the granite-metamorphic complexes were included by some authors
(Kober, 1952; Petkovié¢, 1958) in one single geotectonic unit within the
Dinarides, it is evident that a distinct difference in geotectonic setting between
the Hercynian granite-metamorphic complexes of the Slavonian Mountains
and the Alpine ones of the Moslavacka Gora-—Prosara—Motajica—Cer—Bu-
kulja zone exists. The complexes occur in two essentially different structural
and geotectonic settings. The Hercynian granite-metamorphic complexes of
the Slavonian Mountains are located north of the Sava river, where the
Mohorovi¢i¢ discontinuity is at depth of about 22 to 27 km. The jAlpine
complexes are located south of the Sava river where the Mohoroviédié
discontinuity gradually increases to a depth of about 40 km below the Dinarides
(Roksandié¢, 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 metamorphic rocks of the Prosara—Motajica—Cer—Bukulja trend can be
taken as a boundary between these two tectonically contrasting areas (P a-
mi ¢, 1985).

In such a geodynamic interpretation the zone of Alpine granitoids and
metamorphic rocks occupies an important tectonic position within the Alpine
chain. The exposures of Alpine granitoids and associated penecontemporaneous
metamorphic rocks are accompanied in many places by Tertiary andesites that
are superficial parts of a relict magmatic arc (Pamié, 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
(Jelaska, 1978); axial parts of the latter probably mark an ancient sub-
duction zone along which Mesozoic oceanic crust was consumed.

Consequently, Alpine granitoids and metamorphic rocks of the Prosara—DMo-
tajica—Cer—Bukulja zone might have originated along a magmatic arc that
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+30°

+20°]

Fig. 5. Palinspastic map for Jurassic—Cretaceous boundary (Aubouin 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.
B — Brianconnais; EP — Eastern Pontides; L. — Lombard; LAa — Lower Austro-
-Alpine; M — Moesia; MAa — Middle Austro-Alpine; RH — Rhodopes; TA — 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 (Dewey 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 metamorphic rocks are Upper Cretaceous to Early Tertiary, indicating
that the magmatic arc was already in existence. Some of isotopic ages indicate
that granite intrusion took place at the Turonian—Senonian boundary. In
any event, the data available to date do not allow reconstruction of the initial
stages of the magmatic arc. If the magmatism can be genetically related to
subduction of Mesozoic oceanic crust, which began in the Dinarides in the
Late Jurassic (Lanphere et al, 1975), it might be presumed that initial
stages of the existence of the magmatic arc were coeval with the beginning
of subduction itself. Preliminary radiometric data indicate the presence of
Jurassic granites within the zone, thus that the magmatic arc might have
started by the end of the Jurassic.

This idea fits quite well with the most recently proposed subduction zone
in front of the Moesian block, i.e. Vardar zone (Aubouin et al., 1986). In
fact, the subduction zone proposed in this paper represents a continuous north-
western extension of the long one proposed by Dercourt et al, (1986)
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which stretches from the area of the present Vardar zone further to the east
to the Zagros Range (Fig. 5). Alternatively, counterclockwise rotation of Apulia
with respect to Africa for about 30° during the Cretaceous, as proposed by
the same authors, might have displaced the remnants of the subduction zone
in front of the Moesian block further to the northwest. i
 The high heat-flow connected with granitic plutonism along the presumed
magmatic arc metamorphosed the surrounding Upper Cretaceous—Paleogene
flysch sediments into an Abukuma (?) type sequence under PT- conditions
of greenschist and amphibolite facies. This metamorphic phase, which is not
at present sufficiantly bracketed by, radiometric data, can be chronologlcally
correlated with Eoalpine and Mesoalpine. metamorphic events of the Central
and Eeastern Alps (Frey et al, 1974, and others). .

Final stages of magmatic arc and the initial stages of its destructlon may
be connected with the beginning of the evolution of the Pannonian basin.
After the main thrust and imbricate structures were formed during the Pyh
renean phase in the adjacent Dinarides, small basins originated along 1arge
strike-slip faults in the area of the present Pannonian basin (Royden et al,
1983; Horvath, 1984 and others). According to this idea, systems of
conjugate transcurrent faults with movements directed towards the northeast
and northwest 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, with great differences in geology from one block to another. The
proposed mechanism implies that in some blocks, transform faults can be
locally converted into reverse faults. Along these faults, the Hercynian granite-
-metamorphic complexes from the basement were thrust over younger Tertiary
sediments Horvath—Royden, 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 mantle. These geodynamic processes must
have given rise to at least partial destruction of the magmatic arc, which
became gradually masked by sediments of the Pannonian basin. At that time,
strong volcanic activity took place and during Early Miocene produced ande-
sites and dacites, frequently with tuffs, in the area of already destroyed and
modified magmatic arc along the present northern Dinarides. It ‘also produced
andesite-basalts, also with tuffs, in southern parts of the Pannonian basin,
behind the arc. High heat-flow connected with the magmatic activity gave
rise to the next metamorphic event, which can be correlated with the Neo-
Alpine phase of the Central and Eastern Alps (Frey et al, 1974 and others).
The end of the volcanic activity probably marked 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 mantle, than one may ask what existed in this area before the formation
of the Pannonian basin? Based on our present knowledge, the Pannonian
basin is bordered by twa subduction zones: the first one stretches along the
Carpathians (Stegena et al, 1975; Szadeczky-Kardoss, 1975 and
others) in the north, and the second one along the northern Dinarides in
the south, as discussed in this paper. But, that should imply that the Neotethys
was characterized by two active continental margins! Jelaska (1978) empha-
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sized that Upper Cretaceous—Paleogene flysch of the northern Dinarides shows
a positive correlation with the stratigraphically same flysch of the Carpathians,
and Balla (1986) presented an idea that flysch basins of the both mountain
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, ie. they might represent a
complementary pair originated from a prev1ously existing single magmatic
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 that the source area was generally located northern of the present
Dinarides (Jelaska, 1978; Sok 1i ¢, personal commun.).

In such a geodynamic consideration, it is interesting to ask whether the
zone of "Alpine granitoids and penecontemporaneous metamorphic rocks in the
Prosara—Motajica—Cer—Bukulja area shows any correlation with 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 with Alpine granitoids as described in this paper
extends continuously to the south along the adjoining area of the easternmost
Dinarides and Serbo—Macedonian Massif to southern parts of the Vardar
zone in Yugoslavia and Greece (Dimitrijevie¢, 1974; Pamié, 1977). Here,
the zone also includes rocks of Alpine granite-granodiorite association, Cre-
taceous ' flysch and “paraflysch” sediments, ophiolites and ‘“Mesozoic meta-
morphic rocks”. Preliminary isotopic'data for granitoids from some localities
indicate Late Jurassic (the Furka granites) and Tefti_ary ages (Deleon, 1969),
Dimitrijevié (1974) presumed the existence of Mesozoic metamorphie
rocks in the area of presumed magmatic arc, i.e. subduction zone. But M ar-
cier (1966) presented evidence for two Mesozoic phases of metamorphism in
the southern parts of the Vardar zone in Greece which took place during the
Late Jurassic—Lower Cretaceous and the Senonian—Paleogene.

The correlation is much more difficult in the northwestern.direction towards
the Alps, It is_well known that the Dinarides continue without interruption
towards the northwest into the Southern Alps whose northern boundary with
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 Boegel (1975) and Exner (1975), and for
its easternmost part in Yugoslavia by Mio ¢ (1984). Exner (1976) emphasized
that granitoid masses with isotopic ages from 45 to 24 Ma are very common
along the Periadriatic Lineament. As far as metamorphic rocks are eoncerned,
if the definition proposed by Boegel (1975, p. 165) is accepted, “Die Peri-
adriatische Naht, bzw. das Periadriatische Lineament ist eine Stoerungszone,
die alpin-metamorphen oder wenigstens teilwise alpin-metamorph been-
flussten Gebiete der Ost — und Westalpen von den Suedalpen, -denen
eine solche Beeinflussung fehlt, abtrennt”, 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 that the Pro-
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sara—Motajica—Cer—Bukulja zone has some basic characteristics which are
in common with the ones of the area of the Periadriatic Lineament.
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