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Extensional Unroofing of the Veliki Jastrebac Dome (Serbia)
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Abstract. This paper presents the basic structural elements of the dome of Veliki Jastrebac, as well as the
chronology and mechanisms of the deformational events responsible for its formation. It was determined that
the dome of Veliki Jastrebac consists of two large sequences which are, in the vertical section, in the inverse
position. The lower part is made of Late Cretaceous and Cretaceous—Palacogene low-grade to medium-grade
metamorphic rocks, which are intruded by Paleogene granitoid (probably the Vardar Zone), which are covered
with a large overthrust consisting metamorphics of the Serbian-Macedonian Mass. The low-grade to medium-grade
metamorphosed complex of Veliki Jastrebac, with the granitoid, represents a metamorphic core complex, ex-
humed by mechanisms of extensional tectonics in the Paleogene.
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Anmncrtpakr. Y pajy cy IpuKa3aHu OCHOBHE eJleMeHTH Ipabe BenmkojacTpebauke JomMe 1 XpOHOJIOTHja M MeXa-
HU3MH fepopMalMoHNX forabaja OIrOBOpHUX 3a K-eHO popMupamse. Y TBpheHo je a jomy usrpabyjy f1Ba KpymHa
HaBJIAYHO-HA0OpHA SHTHUTETa KOja Cy, Y BEPTHKAJIHO]j CYKLECHjU, Y HHBEPCHOM TI0JI0XKajy. Jlomne Jexke ropmwo-
KpefiHe ¥ KpeJHO-TIalleOreHe HUCKO [0 CpefiiboMeTaMopducane CTeHe y Koje je YTUCHYT NajJeoreHu I'PaHuTOUN
(BepoBaTHO Bappaapcka 30Ha), rope je Kao KpyIHa HaBllaka, KpucraanH Cprcko-MaKefRoHcke Mace. Hucko o
cpeniibe MeTaMopucan KoMmiieke Benukor JacTpenna ca TpaHUTOUOM MpecTaB/ba METaMOP(HHU core com-
plex, eKCXyMUpaH MEXaHU3MIMa €KCTCH3MOHE TEKTOHUKE Y MAJCOTreHY.

Kibyune peun: Cpbuja, Benuku Jactpebal,, TEKTOHMKA, CUHTEKTOHCKA MHTPY3Hja, €KCTEH3Hja, PAaCKpOB-

JbaBam:C.

-Introduction

The geological setting of Veliki Jastrebac and its im-
mediate surroundings, particularly its tectonic setting, is
very interesting and insufficiently defined. According to
all previous concepts, this area was considered to be a
part of the Serbian-Macedonian Mass. In the spatial
sense, this is apparently correct. However, according to
geological characteristics of the terrain of Veliki Jastre-
bac, this opinion should be revised. Namely, there are

deposits in the area of Veliki Jastrebac which are, regard-
ing their lithology and structural-tectonic characteristics,
exotic in the Serbian—-Macedonian Mass. GRUBIC (1999)
was the first to suggest that the Serbian—Macedonian
Mass is not a homogenous structure but is composed of
several thrust-fold stacks with units in inverted strati-
graphic positions (double window). The uppermost level
of this pile is made of high-grade metamorphics, while
the lower parts are made of Paleozoic, Mesozoic and
Mesozoic—Palacogene rocks, and medium to low-grade
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metamorphics. The geological setting of the area of Veli-
ki Jastrebac has hitherto been explained: the Serbian—Ma-
cedonian Mass (gneiss and low-grade metamorphics) in
the lower part and discordant Upper Cretaceous—Paleo-
gene low-grade metamorphics with intruded Palacogene
granitoid of Jastrebac in the upper part (RAKIC et al.
1974, 1976; KRSTIC et al. 1978, 1980).

The model of the geological relations in the area of
Veliki Jastrebac introduced by GRUBIC (1999), GRUBIC
et al. (1999, 2005), has opened new problems related
to the geology of the area:

a) more detailed division of the low-grade metamor-
phic formations;

b) reconstruction of the exhumation of the mecha-
nism of the Veliki Jastrebac Dome (by surface erosion
or by tectonic denudation?).

This paper is focused on solving these problems. For
this purpose, a number of new data on the lithology,
age and fabric of this terrain were collected. Prelimi-
nary results were obtained by these investigations, but
detailed structural analysis and application of geochro-
nology and thermochronology, the fission track method
in the first place, are necessary for more reliable con-
clusions. Despite this, it is still possible to assume, on
the basis of the obtained results, that the Veliki Jastre-
bac Dome was unroofed by tectonic denudation during
the Palaeogene, coevally with an intrusion dome of the
granite of Jastrebac.

Basic characteristics of the main tectono-
-stratigraphic units of Veliki Jastrebac

The structural setting of the Veliki Jastrebac Dome is
a product of polyphase deformation, beginning with the
Baikalian, through the Caledonian and Hercynian to the
Alpine orogen. The Alpine Mesozoic—Cenozoic structu-
ral content is dominant today (Fig. 1). Two major tec-
tono-stratigraphic units are recognized: the Jastrebac
Unit and the Morava Unit, which are divided into sev-
eral smaller subunits each of which being itself a com-
plex thrust-fold pile. These units have different lithos-
tratigraphic characteristics and structural pattern, which
were the criteria for the tectono-stratigraphic divisions
(GRUBIC 1999). He suggested that the Morava Unit is
thrust over the Jastrebac Unit.

Jastrebac pile of nappes

The Jastrebac pile of nappes — Jastrebicum makes the
central part of the area of Veliki Jastrebac. It lies beneath
the Morava pile of nappes, while its footwall remains un-
known (GRUBIC 1999). He distinguished the following
three subunits within the Jastrebicum: Lomnica, Boljevac
and Vukanja. Detailed investigations showed that the
Boljevac and Vukanja Subunits cannot be easily distin-
guished, because the formations from which these con-

sist of are intercalated, particularly in the border area.
Thus, these two subunits are thus presented as one unit.

The Lomnica subunit consists mostly of Cretaceous—
—Palaeogene low-grade metasediments, anchimetamor-
phosed rocks and, in places, also of non-metamorphos-
ed rocks (PANTIC et al. 1969; RAKIC et al. 1972, 1974,
1976), Palaeogene granitoids and granodiorite-porphyri-
te and aplite (RAKIC et al. 1974, 1976). The Cretaceous—
—Palaeogene deposits are represented by psammites,
psephites and most often by pelites, which are region-
ally metamorphosed up to greenschist facies (“black
phyllite”). These rocks were subjected to contact-meta-
morphism (hornfels, dotted phyllite and micaschists) in
the immediate surroundings of the Paleogene granitoid.

The granitoid of Jastrebac intruded into the Creta-
ceous—Paleogene deposits at 37 Ma (CERVENJIAK et al.
1963). Its periphery is made of fine-grained varieties,
while coarse-grained varieties are in the central part.

The Cretaceous—Palaeogene deposits of the Lomnica
subunit are intensely folded. At least two phases of
folding can be distinguished. According to GRUBIC
(1999), the older phase is characterized by intense fold-
ing accompanied by transposition and formation of
axial-plane cleavage, therefore the primary sedimentary
fabric can only be assumed in hinges of the intrafolial
rootles folds (cm-dm, rarely of meter scale). The hinges
of these folds plunge to NNW and SSE (Fig. 1D)).

The cleavage planes became the dominant S-surfaces
which were deformed during the second phase of fold-
ing in such a manner that they periclinally encircle the
Jastrebac granitoid, forming a rather symmetrical dome
(GRUBIC 1999). Poles to the axial plane cleavage clear-
ly mark such folds (Fig. 1D,).

The initial vergences of I phase old folds and there-
fore the tectonic transport could not have been deter-
mined because of the strong transposition and intense
folding and subsequent refolding. According to the in-
tensity of folding, the Lomnica Subunit could not be
autochthonous, but it was most probably thrust over an
unknown footwall. GRUBIC (1999) believes that trans-
port in this unit was toward the east.

The Boljevac—Vukanja Subunit extends over the im-
mediate periphery of Veliki Jastrebac and, in an arch
shape, it surrounds the deposits of the Lomnica Unit
and in places the Jastrebac granitoid. The Boljevac—Vu-
kanja Subunit is made of two sequences of metamor-
phosed rocks of “greenschist facies” (Fig. 1).

The lower sequence is made up of epidote-actinolite,
albite-chlorite and rarely chamosite schists with certain
amounts of transposed rocks of the upper sequence. In
the lower sequence of the crystalline schists, there are
large and small lenses of metagabbro, particularly in the
southern and southeastern parts of the Veliki Jastrebac
Dome (RAKIC et al. 1974, 1976).

The upper part consists of albite-sericite schists,
calcschists and marble with certain amounts of trans-
posed rocks from the lower sequence (mostly in their
bordering area) (RAKIC et al. 1974, 1976; KRSTIC et al.
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1978, 1980). The presence of calcschists and marble is
rather conspicuous and it represents a criterion for the
easier recognition of the upper package of metamor-
phites in the Boljevac—Vukanja Subunit.

The deposition age of the protolith of the metamor-
phic rocks of the Boljevac—Vukanja Subunit is the cru-
cial question and the final explanation of the tectonic
relations and events on these terrains depends on its
solution. On the Basic Geologic Map, sheet Krusevac
(RAKIC et al. 1974), these deposits were determined as
Paleozoic, with the possibility of being younger. On the
sheet Aleksinac (KRSTIC et al. 1978), these rocks were
considered to be of Riphean—Cambrian age.

The palynological analysis performed during these in-
vestigations showed that the sericite schists, calcschists
and marble are Late Cretaceous or maybe even Palaeo-
gene. Less reliable data were obtained for the lower
sequence, but they also imply Late Cretaceous age.
These two sequences are probably of the same age be-
cause they are often interfingered and have similar struc-
tural characteristics.

Fig. 2. Intrafolial folds in calcshists of the Boljevac—Vukanja
Unit.

The greenshists facies metasediments of the Bolje-
vac—Vukanja Subunit were also folded during at least
two phases, in a similar way to the Lomnica Unit. The
first phase of folding is indicated by parts of the hinges
of intrafolial rootless folds preserved to different de-
grees and, in places, by the whole folding sequences
(Fig. 2). Hinges of these cm-dm and even meter-sized
folds plunge generally to the east and NNW (Fig. 1D;).
The bedding is transposed along the axial-plane cleav-
age; the primary fabric is mostly unrecognizable. The
foliation along the axial plane cleavage of the first-gen-
eration folds is probably the result of flattening perpen-
dicular to the planes. Foliation represents the dominant
planar element. Foliation fabric is particularly well deve-
loped in the lower metamorphic sequence of this unit.
It may be rather the strain than the rheology.

There are indications that folds on the eastern slopes
of Veliki Jastrebac are west-vergent. Sericite schists,
calcschists and marble appear in the cores of synforms,
while epidote-actinolite and albite-chlorite schists ap-
pear in the cores of antiforms.

The cleavage and foliation of the Boljevac—Vukanja
Subunit were folded into a dome structure during the
second phase, similarly to the case of the Lomnica unit.
This is clearly shown by the distribution of poles to
foliation (Fig. 1D,).

Morava pile of nappes

The gneiss which surrounds the Veliki Jastrebac
Dome, except in the southeast where it is probably cov-
ered by Neogene deposits, is considered to be a part of
the Morava Unit (GRUBIC 1999).

On the western slopes of Veliki Jastrebac, along the
Naupare—JoSanica Fault Zone (NJFZ), the gneiss is in
tectonic contact with metasediments rocks of the Jastre-
bac Unit. In this part, it is mainly represented by fine-
-grained gneiss, mica-quartz-plagioclase schists, lenses
of amphibolite and amphibolite-schists, as well as by
small portions of quartzite. The composition of the
rocks on the southern slopes of Veliki Jastrebac is sim-
ilar. In the eastern part of Veliki Jastrebac, there are
two groups of high-grade metamorphic rocks. From the
tectonic contact between the gneiss and the Boljevac—
—Vukanja Subunit to the Vukanja Shear Zone (VSZ),
there are mostly andesine gneiss, amphibolite and am-
phibolite gneiss. East of the VSZ, there is mostly mi-
gmatite with smaller portions of gneiss. The structure
of the gneiss complex is extremely complex and in it
was not studied during these investigations. Foliation,
as the most distinct structural element is in the west-
ern part folded into cylindrical antiforms and synforms
with the hinges trending in NNW-SSE, while it forms
gentle open fold forms on the eastern side (Fig. 1).

The Morava Unit most probably consists of two
nappes: the lower, consisting of various gneisses, over-
lays the Jastrebicum and the upper, represented by
migmatites and subordinate gneiss, lays over the gneiss
crystalline from which it is separated by the VSZ.

Exhumation Mechanism of Origin
of the Veliki Jastrebac Dome

At the end of the Cretaceous and at the beginning
of the Palaeogene, during the final phases of conver-
gence between the Serbian-Macedonian Continental
Plate and the Vardar Basin, intense folding of the de-
posits from the Vardar domain occurred. These deposits
are exposed in the core of the Veliki Jastrebac Dome,
overlain gneiss and schists of the Morava Unit. The
complex fold-thrust sequence with an inverse succes-
sion of deposits was formed in the following manner:
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Mesozoic—Cenozoic deposits are in the lower parts,
while the Serbian-Macedonian Mass, i.e. the Morava
Unit is in the upper part.

These deposits have been metamorphosed to green-
schist facies grade and were folded during this meta-
morphic event at the end of the Paleogene. According
to the lithological characteristics and by analogy to the
certain parts of the Vardar Zone (north Bosnia and
Croatia; Pami¢ 1993; PAMIC et al. 2000, 2002), this
could be a Vardar-Sava island-arc-back-arc-basin sys-
tem.

During the final phases of convergence between the
Serbian-Macedonian Continental Plate (as above) and
the eastern part of the Vardar Zone, the Mesozoic—Pa-
lacogene rocks were folded into tight, isoclinal folds,
with the formation of an axial-plane cleavage with
transposition. The hinges of the intrafolial folds in the
Boljevac—Vukanja Subunit are generally plunging to the
east, north-northwest and southeast.

The granitoid of Jastrebac originated in the Paleo-
gene, at about 37 Ma (éERVENJAK et al. 1963), by the
melting of the crustal material which was buried into
the deeper levels of the convergent Serbian—Macedo-
nian—Vardar suture and subsequently intruded into the
Cretaceous—Palacogene complex.

Fig. 3. Extensional lineation in epidote-actinolite schists.

The emplacement mechanism of the granitoid into
the higher levels and finally exhumation is still un-
known. The explanation involving simple diapirism and
erosion is hardly acceptable. The following indicators
of extension, noticed in the gneisses and schists of the
Jastrebicum, point to such events in the area of the
Veliki Jastrebac Dome: stretching lineation (Fig. 3),
s-type porphyroclasts (Fig. 4) and the wide mylonitic
zones in the domains of the Naupare—JoSanica and Vu-
kanja shear zones (particularly in the domain of the
Vukanja fault) (SpAHIC 2006). The Vukanja Shear Zone
(VSZ), which extends along the northeastern rim of
Veliki Jastrebac, is bent toward south and southwest.
The shear zone, marked by a several hundred meter-
wide mylonite zone could represent a low-angle detach-

ment normal fault along which extensional unroofing
occurred. The stretching lineation (Fig. 1Ds), shows the
top-to-the south and southeast shear sense (SpaHIC 2006).
It is also confirmed by the shape and orientation of the
s-type porphyroclasts in the calcschists of the Boljevac—
—Vukanja Subunit (Fig. 4).

NW SE

Fig. 4. Sigma -type porphyro clast in calcshists of the Bolje-
vac—Vukanja Unit.

The process of extensional tectonic denudation prob-
ably induced decompression, uplift of geotherms and
rock uplift of the granitoid body (isostatic adjustment?).
Accompanied with erosion, the extension resulted in
exhumation of the granitoid, together with the previous-
ly deeply seated metamorphic rocks. This resulted in a
core complex-type map pattern of the area.

If the action of such an exhumation mechanism of
Veliki Jastrebac is accepted, the problem of the tecton-
ic denudation model and timing arise immediately.
According to the age of the granitoid, the extension oc-
curred most probably in the Palacogene, during trans-
tensional activity in the domain of the Naupare—JoSani-
ca Fault Zone. In this case, there are two possibilities
of activation of these extensional mechanisms:

e The Naupare—JoSanica and Vukanja shear zones re-
present a conjugate pair (NJFZ — dextral strike-slip, and
VSZ — sinistral strike-slip) under conditions in which
the axis of the maximum horizontal stress (SH) is
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NE-SW oriented. In this case, the area between these
two faults could escape towards the southeast and
induce the extension and exposure of the deeper parts
of the Jastrebicum. Such a lateral, crustal extrusion
raises the problem of free space for the tectonic escape
toward the south and southeast. However, in this par-
ticular case, no such space existed during the time of
the extension.

e The extension could have occurred in the domain
of the dextral strike-slip of the Naupare—JoSanica Fault
Zone in the area of the releasing band (Fig. 5). In this
case, the Vukanja Shear Zone was activated as a major,
low-angle normal detachment fault.

21° 00’

21° 30 22° 00’

43° 40" - 43° 40°

43° 20" 1 m43°20°

21° 00

21730 22° 00
Fig. 5. Schematic diagram of extensional unroofing of the
Veliki Jastrabac Dome.

The extension was probably followed by a quick
uplift of the granitoid, accompanied by the consequen-
tial folding, i.e., refolding of the Mesozoic—Palacogene
folds of the first phase and development of the Veliki
Jastrebac Dome (the second phase of folding of the
Mesozoic—Palacogene deposits).

Conclusion

The geological setting of Veliki Jastrebac, which
was presented during the last several years and which
have been partly obtained by investigations, point to
the possibility that this area is a metamorphic core
complex exhumed by extensional processes, i.e. by tec-
tonic denudation during the Palaeogene. The extension
could be related to the dextral transtension along the
Naupare-JoSanica fault in the domain of the releasing
band, with the Vukanja Shear Zone acting as a low-
angle normal fault detachment. It remains necessary to
obtain additional data for a more precise confirmation
of this assumption. In this sense, data should be docu-
mented by structural and thermochronological analyses.
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Pe3ume

EkcTren3snono orkpusame nome Benmkor
Jactpenna (Cpouja)

Homy Bemmkor Jactpemnma umsrpabyjy aBe KpymHe
TEKTOHOCTpaTUrpadcke LeNUHE KOje CYy Y UHBEPCHOM
MIOJIOKA]y U Y TEKTOHCKOM KOHTAKTY. Y HOHEM JETy Cy
FOPHOKPENHE U KPEIHO-NIAJIEOreHe HUCKOMETaMOP-
¢ue crene (BepoBaTHO Bapgapcke 30Ha), IPEKO KOjUX
Cy HaBYYEHHU KPHUCTAIaCTU MKPUJbcH BUCOKOI CTEIIEHA
MeTamopdusma CpIlcKo-MaKeOHCKe jefuHuLe. Y Me-
3030jCKO-NIAJIEOTEHU METaMOP(HU KOMIIJIEKC YTUCHYT
je naneoreHu rpaHuTOUs.

Y cknony Benukor JacTpeniia foMAHApa CTPYKTypa
noMme. LleHTpanHO MecTO y HOj 3ay3uMa I'PAaHUTOUN

OKOJIO KOjer ¢y eJUNTUYHO pacnopebeHe ocrane gop-
Manyje: IpBo, ME3030jCKO-TIaJIeOreHe U Ha Kpajy Kpu-
cTajacT WKpubK CplIcKO-MaKeIOHCKE jeJUHULIE.

HcrpaxuBama cy okasana ja cy Me3030jCKO-Tae-
OoreHu MeTaMOop(gUTH TpeTprenn ABe daze yompama.
Y npBoj ¢asm, KpajeM Kpefie ¥ MOYEeTKOM TajeoreHa
ca HaBjadyeweM KpucranuHa CpICKO-MaKeJOHCKe
Mace IMpeKO TOPHOKPEJHHX M KPERAHO-IaJeOreHUx
TBOPEBMHA, OBE CTEHE Cy AepopMucaHe y AYKTUIHUM
ycrmoBuma. OBakaB fiorabaj o3HaueH je permoHallHAM
MeTamoppu3MoM, (popMupameM N30KINHIX Habopa u
KJIUMBaXka akcHjajHe MOBPIIU Jy>K KOjeT ce OfiBhjaja
TpaHCIO3WIKja W reHepucaina onmjanmja. dpyrn
nedopmanmonu forabaj je mocneguia UCIOJbEHE EeKC-
TEH3UOHE aKTHMBHOCTU U TEKTOHCKE fIeHyjauuje y ma-
neoreny. To je omoryhmno pabame m mpememrame
TpaHATOWAA Ka TOBPUIMHHU, €KCXyMalWjy HUCKO MO
cpenme MeTaMOpUCAaHUX TOPHOKPETHUX W KPEJHO-
NMaJICOT€HUX TBOPEBUHA U npeHaGMpaH,e TOWET U TOP-
T HaBJauyHO-HAOOpHOTr TmakeTra y oMy Bemmkor
Jacrpenma. Excrensuja je o6aB/beHa y yCIOBUMA JIEKC-
TpajiHe wrench-TeKTOHCKe aKTUBHOCTHU pacefa Hayna-
pe-Jomannma u ca BykamcKoMm AHCIOKAIUjOM Kao
rinaBHUM low-angle detachment rpaBuTanuoHNM pace-
oM.



