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ABSTRACT

During the Triassic and Jurassic time, important geological events were recorded in the Kosovo area. The initial
continental rifting occurred during the Early — Middle Triassic. It was followed by a continental break-up leading
to the splitting of the Korab-Pelagonian and Peje - Drina - Ivanice micro blocks from the Euro - Asiatic plate in
the East and Adria (Apulia) in the West. The Latest Anisian — Earliest Jurassic is marked by basin differentiation
and oceanic spreading in the Vardar and Mirdite - Gjakove —Dinaride areas. The oceanic lithosphere is generated
at slow spreading ridges. By the end of the Early Jurassic — Middle Jurassic, the intra oceanic subduction zones
were installed in the respective oceanic areas. This phase corresponds to the “eastern” type ophiolite production.
The ophiolite formation is interpreted in a different paleotectonic context, where compression and distension are
combined. During the Middle — Late Jurassic, in close association with intraoceanic subduction, the melange
formations were generated., The tectonic-olistostrome mélanges accumulated in the subsided basins. In the Late
Jurassic, the Vardari and Mirdita Gjakova - Dinaride oceanic basins were closed. Continental margin subsidence
and the oceanic lithosphere emplacement occurred on both sides. The bidivergent obduction of Triassic and Ju-
rassic ophiolites produced the metamorphic soles. At that time, oceanic crust accretion wedges developed onto
neighboring continental margins, as well.
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oz

Triyas ve Jura dénemlerinde, Kosova’da énemli jeolojik olaylar kaydedilmistir. lik kitasal riftlesme Erken-Orta Triyas
déneminde gerceklesmistir. Bunu, Korab-Pelogoniyen ve Peje-Drina-Ivanice mikro bloklarinin doguda Avrasya ve
batida Adria (Apulia) levhalarindan ayriimasiyla sonuclanan kitasal kinlma izlemistir. Ge¢ Anisiyen-Erken Jura, Vardar ve
Mirdite-Gjakove—-Dinar alanlarinda havza farklilasmasi ve okyanusal yayilma ile temsil edilmektedir. Okyanusal litosfer
yavas yayilan sirtlarda tiremistir. Erken Jura-Orta Jura’nin sonlarina dogru okyanuslar arasi dalma kusaklari olusmaya
baslamistir. Bu dénem “dogu” tipi ofiyolit (retimine karsilik gelmektedir. Ofiyolit olusumu, sikisma ve yayilmanin bir-
likte degerlendirildigi farkl bir paleotektonik baglamda yorumlanmistir. Orta-Geg¢ Jura déneminde okyanus ici dalma
ile iliskili olarak melanj olusumlar gelismistir. Céken havzalarda, tektonik olistostromal melanjlar birikmistir. Ge¢ Jura
déneminde, Vardar ve Mirdita-Gjakova-Dinar okyanusal havzalar kapanmstir. Her iki kiyida kitasal kenar c6kmdis ve
okyanusal litosfer yerlesmistir. Triyas ve Jura yasl ofiyolitlerin kitalar (zerine cift tarafll bindirmesi sirasinda ofiyolit
tabani ile metamorfik birimler olusmustur. Ayni dénemde, komsu kitasal kenarlar lizerine yigilan okyanusal kabuk
kamalar gelismistir.

Anahtar Kelimeler: Evrim, Jura, Kosova, tektonik, Triyas.

Z. Elezaj
E-mail: zenunelezaj@yahoo.com



114 Yerbilimleri

INTRODUCTION

Kosovo is situated in the southeastern part of
Europe and extends into the central part of the
Balkan Peninsula. It is stretched between the
northern latitudes of 41° 50’ 58 and 43° 15’
42", and the eastern longitudes of 20° 01’ 30”
and 21° 48’ 02”. Kosovo occupies a key set-
ting in the geological structure of the Central
and Western parts of the Balkans (Aubouin
and Ndojaj, 1964). In this area, major geologi-
cal structures of the Alps-Carpathian-Balkan
arc and the Dinaride structures (sensu largo)
are developed (Figure 1). At the boundary of
these major tectonic units, the Dardan Massif
is exposed. It reveals a very original position
and although it doesn’t belong to the Dinaride-
Albanide — Hellenide Belt, it displays a typical
North/northwestern — South/southeastern ex-
tension, which is characteristic for this belt. At
the same time, the Dardan Massif is parallel to
the Vardari composite unit.

It is inferred (Elezaj and Kodra, 2008) that the
boundary of the Vardari composite unit with
the Dardan Massif marks the boundary be-
tween the Euro - Asiatic plate and the Adria
microplate (Apulian), which is a part of the Afri-
can major plate (Gondwana). The Kosovo area
is the place where the Dinaride structures are
closer to Balkanide structures.

Various sedimentary, magmatic and metamor-
phic formations are widespread. Folded and
tectonic structures complicate the geological
architecture. The regional syntheses carried out
in the recent years in Kosovo and neighboring
areas have helped scientists to understand dif-
ferent aspects of its geodynamic evolution. At
the same time, the geological correlations of
the tectonic zones have been suggested (Elezaj
and Kodra, 2008; Xhomo et al., 2002). In this
paper, emphasis is given to the Triassic and
Jurassic period because in that period major
and important tectogenetic events occurred.
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Figure 1. Structural sketch of Alpine Mediterranean Belt (between Europe and Africa) and Albanide setting (God-
roli, 1992) (1. Europe and Corsica-Sardinia block, 2. Africa and Apulia - Adriatic block (or Adria), 3. Iberia
block, BMP: Western Mediterranean basin, B. Pan.: Panonian basin, 4. Alpine folded chains. A: Tethysian

oceanic basin).

Sekil 1. Alpin Akdeniz Kusagi ile (Avrupa ve Afrika arasindaki) Arnavutluk bélgesinin yapisal semasi (Godroli,
1992) (1. Avrupa ve Korsika-Sardunya blogu, 2. Afrika ve Apulya-Adriyatik blogu (veya Adriya), 3. Iberya
blogu, BMP: Bati Akdeniz havzasi, B. Pan.: Panoniyen havzasl, 4. Alpin kiviimli zincirleri. A: Tetis okyanus

havzasi).



GEOLOGICAL UNITS

According to stratigraphic volume, the nature
of the facies, the geological setting related to
ophiolite graben basins, structural features,
magmatism, metamorphism, and tectogenetic
events etc., several stratigraphic tectonic units
are distinguished in the Kosovo area (Figure 2).
In general, the stratigraphic-tectonic units are
limited by major faults. From West to East the
followed units crop out:
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Albanian Alps composite unit (Valbona unit):
This unit belongs to external stratigraphic tec-
tonic units. It is exposed in the western part of
Kosovo, just on the border with Albania. In this
area, the Upper Cretaceous flysch formation
crops out. The Valbona unit displays a pericline
termination and plunges beneath the tectonic
sheets of Kosovo’s internal tectonic units.

Mirdita-Gjakove ophiolite belt: In the Kosovo
area the ophiolite formation crops out along a
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Figure 2. Stratigraphic — tectonic units of Kosova (1. Continental units, 2. Middle Jurassic ophiolites, 3. Middle Tri-
assic- Lower Jurassic ophiolites, 4. Basin slope units (western margin of Vardar oceanic basin), 5. Basin
slope units (eastern margin of Mirdite-Gjakove oceanic basin), 6. Platform units, 7. Pelagic units).

Sekil 2. Kosova’nin stratigrafik-tektonik birimleri (1. Kitasal birimler, 2. Orat Jura ofiyolitleri, 3. Orta Triyas-Alt Jura
ofiyolitleri, 4. Havza yamaci birimler (Vardar okyanus havzasinin bati kenari), 5. Havza yamaci birimler
(Mirdite-Gjakove okyanus havzasinin dogu kenari), 6. Platform birimler, 7. Pelajik birimler).
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belt of about 130 km2. Two ophiolite complexes
are distinguished: Middle Jurassic and Middle
Triassic-Lower Jurassic ophiolites. The Mid-
dle Jurassic ophiolites are widespread and are
mainly represented by mantle ultrabasic mem-
bers. A minor spreading shows the oceanic
crust formations (gabbro, basalts, and andes-
ite-dacites).

Decani unit: This unit extends over a lim-
ited area. It is composed of Lower Paleozoic
schists, Permian-Triassic conglomerates and
Triassic-Jurassic formations, which are in close
association with serpentinite accretion wedges.
It is overthrusted onto the Albanian Alps, while
in the northeast it is emplaced onto the Peja
unit. In the paleotectonic context, the Decgani
unit represents the western basin-slope of the
Dinaride oceanic basin and it is correlated with
the Qerret-Miliska unit in Albania (Kodra, 1987;
Kodra et al., 2000; Xhomo et al., 2002).

Peja unit: This is composed of Paleozoic schists,
Triasic platform facies, and Middle Jurassic ra-
diolarite cherts. This unit is seen as a platform
area located at the East of the Dinaride oceanic
basin. It is constituted of two sub-units: Rugova
(Pr) and Mokna ones (Pm). (Figure 2).

Koritniku unit: This can be traced from Alba-
nia in the West to Brezovica in the East. The
main geological formations are the Silurian-
Devonian schists, Permian-Lower Triassic con-
glomerates, Olenekian-Anisian limestones and
dolomites, Ladinian chert platy limestones, and
Upper Triassic-Lower Liassic platform lime-
stones. Ophiolite sheets are emplaced on the
Triassic-Jurassic formations a metamorphic
sole is found at their base. In the paleotectonic
context, the Koritniku unit is analogous with the
Gjallica unit in Albania. It represents a platform
basin corresponding to the eastern flank of the
Mirdita-Gjakova oceanic graben structure.

Sharri unit: This unit corresponds to the Kollo-
vozi unit in Albania (Xhomo et. al., 2002) and
to the western Macedonia zone (Pencerovski
and Haxhidimitrova., 1975). It is composed of
Lower Paleozoic formations (schists, quartzites,
ignimbrites etc.). Triassic pelagic carbonates
are found as well. The Sharri unit thrusts on to
the Koritniku unit.

Malisheva unit: This is developed in the cen-
tral part of Kosovo. Triassic-Jurassic pelagic
carbonate chert formations, Middle — Upper
Jurassic terrigenous sequences, Jurassic-Cre-
taceous flysch, Upper Cretaceous deposits and
Neogene molasses are found. It is interpreted
as the eastern basin - slope area of the Mirdite
- Gjakove oceanic basin (see Figure 2).

Drenica unit: This is composed of Paleozoic,
Triassic-Jurassic and Jurassic formations uncon-
formably covered by the Jurassic-Cretaceous fly-
sch and Upper Cretaceous limestones and flysch
sequences. This unit is considered as the western
basin-slope area of the Vardari oceanic basin.

Vardari composite unit: This is the major tec-
tonic unit with a large regional extension. To
the East it is in tectonic contact with the Dardan
Massif, while in the West it is overthrusted onto
the Drenica unit. Three tectonic sub-units are
distinguished: the external Vardari unit (EVU),
the Central Vardari Unit (CVU) and the Inner one
(INU), (Figure 2). The ophiolitic rocks are wide-
spread, and Upper Jurassic and Cretaceous
cover deposits occur as well. Very character-
istic are the Oligocene-Miocene molasses and
the young dacite-andesite, rhyolite magmatism.

Dardan Massif: In literature this is known as the
Serbian-Macedonian crystalline massif. The
Dardan Massif separates the Alpidic arc (Al-
pide-Carpathians-Balkan arc) in the East from
the Dinaride Belt in the West. It is composed of
Proterozoic metamorphic formations (gneisses,
migmatites, amphibolites, schists etc) intruded
by granite intrusions. The Oligocene and Middle
Miocene molasse and the andesite-dacite and
rhyolite magmatism cover the old formations.

MAIN TECTOGENETIC EVENTS

Summing up the main tectogenetic events af-
fecting the Kosovo area (Elezaj and Kodra,
2008), the most significant events are briefly
evaluated in the following paragraphs.

Pre-Variscan Tectogenesis: It is supposed that
this orogenic event is developed in the most
eastern areas, but no stratigraphic and struc-
tural data are available. In the Dardan Massif,
an early tectonic event is distinguished.



Variscan tectogenesis: This has not been stud-
ied in the Kosovo area in detail. This event de-
veloped during the Late Paleozoic and is ex-
pressed by the absence of Upper Carbonifer-
ous - Lower Permian deposits, and sometimes
by Permian (?) — Lower Triassic conglomerates
that are unconformable on Silurian — Devonian
sediments.

Alpine tectogenesis:

A. Tectonic episodes developed in the extension-
al regime (preceding the Alpine tectogenesis):

The Alpine tectogenesis was preceded by open-
ing and oceanic spreading in the Vardari and
Mirdite-Gjakove-Dinaride areas (Kodra et al.,
2000; Kodra and Gjata, 2002; Elezaj and Kodra,
2008). Due to extension, several successive
episodes developed:

(@) Early — Middle Triassic continental rifting: At
that time the continental crust was split and
led to the formation of graben like structures
associated with intra continental volcanism
of a porphyrite-radiolarite-type (Kodra et al.,
1993).

(b) A Late Anisian break-up: The Korab-Pelag-
onian and the Peje - Drina Ivanice blocks
are detached by the Euro-Asiatic plate in
the East and the Adria (Apulia) in the West.
It is believed that this marks the starting of
Tethyan oceanic spreading in the Vardari
and Mirdita — Gjakove — Dinaride area. This
event seems to correspond to the beginning
of the Pangaea detachment.

(c) Latest Anisian — earliest Jurassic oceanic
spreading: In Vardari and Mirdite - Gjakove
—Dinaride this led to individualization of the
tectonostratigraphic units. In the central
parts of the graben structures, oceanic for-
mations were generated. With reference to
their limbs, well configured tectono-strati-
graphic units are developed. The last ones
are composed of basin-slope units with a
thin continental crust representing the pas-
sive margins of oceanic basins; platform
units with thick a continental crust bordering
the graben structures; and pelagic basins
with a thin continental crust that developed
between the platform units.
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B. Tectonic episodes developed in the com-
pressional regime (Alpine tectogenesis):

(@) End of the Early Jurassic — Middle Jurassic:
This period marks the Early Kimmeric phase.
It firstly affected the oceanic basin areas,
followed by the continental margins. In the
Vardari and Mirdite - Gjakove — Dinaride are-
as, this phase starts with supra-subduction-
zone ophiolite formation, corresponding to
the “eastern” type ophiolites. The ophiolite
generation is interpreted in different paleo-
tectonic contexts, where compressional and
distensional tectonic regimes are combined:
the western dipping SSZ (Shallo, 1996; Rob-
ertson and Shallo, 2000), the eastern dip-
ping SSZ (Kodra et al., 1994, 1995), and the
intraoceanic thrusting (Meshi, 1996; Nicolas
et al., 1999; Fejza, 2004).

(b) Middle - Late Jurassic: Melange formations
and oceanic accretion wedges are produced
(Middle Kimmeric phase). Intraoceanic sub-
duction and accumulation of tectonic-olis-
tostromic mélanges in subsiding basins are
developed.

(c) Late Jurassic: the Vardari and Mirdita — Gjako-
ve - Dinaride oceanic basins are closed (Late
Kimmeric phase). Continental margin subsid-
ence and oceanic lithosphere emplacement
occurred on both sides. The bidivergent ob-
duction of Triassic and Jurassic ophiolites
produced the metamorphic soles (Kodra and
Gjata, 1982; Elezaj and Kodra, 2008). At this
period, oceanic crust wedges obtruded onto
neighboring continental margins.

(d) Hauterivian: During this period, a strong oro-
genic phase developed. A vigorous uplifting
of the Mirdite - Gjakove ophiolite belt and
the adjacent tectonostratigraphic units is
documented. After the Hauterivian, the ex-
tensional tectonic regime was installed. The
intensive erosion processes and Barremian
- Aptian transgression started.

(e) Early — Late and latest Cretaceous: No dis-
tinct deformational phases are recognized in
the Kosovo area.

() Late Eocene - Early Oligocene (lllyrian
events): Thrusting of the inner units to the
West developed.
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C. Post-Alpine episodes developed in exten- et al., 2000), the state of the art for the Triassic
sion: After the lllyrian tectogenesis, at the end and Jurassic is more complete and may pro-
of Eocene and the beginning of Oligocene, Ko- vide a clear picture for the geological evolu-
sovo terrains reveal an extensional tectonic tion of this period. During Triassic and Jurassic
scenario. The normal faulting activity config- times, geological events defined the major tec-
ures the future molasse depressions. tonic features of Kosovo area and its neighbor-

ing terrains (Figure 3).
TRIASSIC, JURASSIC PALEOGEOGRAPHIC

AND GEODYNAMIC SCENARIO Permian - Early Triassic

Based upon recently accommodated data (Ele- Reddish conglomerate-sandstone formations

zaj and Kodra, 2008; Xhomo et al., 2002; Kodra (Veruccano series) mark the beginning of the
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Figure 3. General sketch of the Mesozoic formations (Kosova, Albania, Macedonia) (Elezaj and Kodra, 2008) (1.
Continental units, 2. Platform limestones, 3. Pelagic limestones, 4. Breccia limestones, 5. Neritic limes-
tones, 6. Nodular limestones with manganese nodules, 7. Radiolarites, 8. Continental rift volcanics, 9.
Triassic-Liassic oceanic formations (volcano-sedimentary formation etc.), 10. Middle Jurassic oceanic
formations (mid - ocean ridge type ophiolites), 11. Supra subduction setting ophiolites, 12. Metamorphic
sole, 13. Flysch: a. young, b. early, 14. “Block in matrix” type mélange, 15. Evaporites, 16. Molasse.
M-GJ: Mirdite - Gjakove ophiolite belt, VO: Vardar ophiolites, C: Cukali, L — s: Lisne-Spiteni, k: Krasta,
os: Ostreni, h: Hajmeli, g-mi: Qerret Miliska, mb: Mbasdeja, gj: Gjallica, m-cu: Muhurr-Caja, kv: Kollovozi
(Sharri), r: Radusha, d: Drenica, vb: Vardar inner unit).

Sekil 3. Mesozoyik yasli formasyonlarin genel gérinimU (Kosova, Arnavutluk, Makedonya) (Elezaj ve Kodra, 2008)
(1. Kitasal birimler, 2. Platform kirectaslar, 3. Pelajik kiregtaslari, 4. Bresik kirectaslari, 5. Neritik kirectaslari,
6. Manganez yumrulu kirectaslari, 7. Radyolaritler, 8. Kitasal Rift Volkanikleri, 9. Triyas-Liyas yasl okya-
nusal formasyonlar (volcano-sedimanter formasyon vd.), 10. Orta Jura yasl okyanusal formasyonlar (okya-
nus ortasi sirti tdrdnde ofiyolitler), 11. Dalma-Batma zonu Usti ofiyolitleri, 12. Ofiyolit tabani Metamorfikleri,
13. Filis: a. geng, b. erken, 14. “Matriks icinde bloklu” tiirde melanj, 15. Evaporitler, 16. Molas. M-GJ: Mir-
dite - Gjakove ofiyolit kusagi, VO: Vardar ofiyolitleri, C: Cukali, L — s: Lisne-Spiteni, k: Krasta, os: Ostreni,
h: Hajmeli, g-mi: Qerret Miliska, mb: Mbasdeja, gj: Gjallica, m-cu: Muhurr-Caja, kv: Kollovozi (Sharri), r:
Radusha, d: Drenica, vb: Vardar i¢ birimleri).



Alpine cycle. They are found in the Sharri, Ko-
ritnik, Peje and Decani units (Figure 2). The
Permian — Lower Triassic conglomerates and
sandstones do not occur in the Vardari unit or
in the Dardan Massif. The Veruccano-type red-
dish conglomerate-sandstone formations were
formed in the deltaic environments. Simultane-
ously, in the Sharri unit (Kosovo) and south-
ward, in Albanian and Macedonian terrains,
the coeval marine sandstone, conglomerate,
green-spotted sequences with rose radiolarite
limestone lenses containing abundant pelagic
bivalves occur. The volcanic rocks lying at the
top of the conglomerate — sandstone sequence
are of a high Ti and calc-alkaline type, and it is
inferred that they were generated at consider-
able depths.

In several cases, a light structural discordance of
conglomerates setting on Silurian —Devonian yel-
lowish schists is evidenced, while in other cases
this formation is set in full concordance onto un-
derlying formations. These data argue that the
Hercynian folding phase was very weak.

Triassic

The Triassic deposits have close relations with
Veruccano-type reddish conglomerate-sand-
stones (P-T,). The stratigraphic section contin-
ues with Lower Triassic terrigenous sandstone,
sandstone - siltstone - clay, clay-carbonate for-
mations (Seiss facies) and oolithic limestones
(Kampil facies). In the Koritniku, Decani units
and the Rugova sub-unit, besides the shallow
water facies, nodular red limestones associated
with volcanics are also, but rarely, found. They
testify to the continental rifting development in
limited areas.

During the early Anisian a wide platform area
was installed. It is represented by yellow dolo-
mitic limestones. This platform is intersected by
narrow rift trenches where reddish limestones
are deposited.

In the late Anisian, the continental rifting
reached its culmination, expressed by the wide
development of the Han Bulog nodular red-
dish limestones facies. At that same time, co-
inciding with rifting culmination, the continental
break up in the Vardari and Mirdite - Gjakove
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areas occurred. In this way, two independent
oceanic basins originated (Figure 3). By that
time, two strands floored with oceanic lithos-
phere developed: the Vardari and Mirdita - Gja-
kova oceanic basins. At the mid ocean ridges
(MOR) the basalt-radiolarite formations were
produced. The oceanic extrusive sequences in-
dicate a clear Mid Ocean Ridge Basalt (MORB)
nature, whereas the volcanics produced onto
adjacent continental margins show a within-
plate basalt (WPB) nature. It should be noted
that during the Late Anisian and Early Ladin-
ian, in many sectors, transitional basalt types
(MORB-WPB) are frequent. A typical example
is described by Maligi (2001) for the Trepce —
Mitrovice - Zvecan area.

The Vardari and Mirdite — Gjakove slow spread-
ing MOR-type basins are gradually extended
at the centers of the graben-like structures. At
their topmost parts, besides MOR- type basalts,
radiolarites, cherts and rare carbonate sedi-
ments are deposited. The volcano-sedimentary
basalt-radiolarite formation (BT,-J,) originated
in these conditions,.

To the West of the Vardari oceanic basin, the
Drenica basin-slope unit developed. In this area,
the pelagic sediments, mainly of carbonate-
chert composition display much reduced thick-
ness. In its western part, only near Gllobocgice
village, a carbonate platform was installed. This
platform unit is preserved in a southern direc-
tion and fragmentary outcrops are found in
Macedonia and Greece (Radusha unit). On the
contrary, the Sharri unit is found in the Sharri
Mountains, and in the southern part, Sharr (Dra-
gash), and Restelice represents a pelagic area,
where chert limestones are deposited (see Fig-
ure 3).

The Koritnik platform displays a wide develop-
ment of the shallow water sediments and in
general indicates a very monotonous deposi-
tion. The organic and detritic limestones domi-
nate. The faunal associations belong to warm
and shallow water environment. In the south-
west, the Koritnik platform continues in Albania
and corresponds to the Gjallica platform.

The Mbasdeja unit in Albania (Xhomo et al.,
2002) represents the eastern slope-basin of the
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Mirdite — Gjakove oceanic basin. This unit is
covered by Mirdita - Gjakova ophiolites in the
major part in Albania and totally in the Kosovo
area,.

During the Triassic, on the western flank of
the Dardan Massif, diverse type basins are in-
stalled:

(@) The Vardari oceanic basin: It appears that
an oceanic lithosphere was created at and
along a slow-spreading ridge.

(b) The Drenica pelagic basin — slope represent-
ing the passive continental margin of the
Vardari oceanic basin: The Triassic depos-
its thickness is much reduced in this area.
Only in Smrekonice (Vardari external unit) is
a typical Hallstat facies of the Middle — Up-
per Triassic (platy limestones with cherts)
found. It is interpreted as part of the Drenica
unit, tectonically covered by Vardari ophio-
lites (Elezaj and Kodra, 2008).

(c) The Peja platform with Mokna (Pm) and
Rugova (Pr) subunits (see Figure 2): During
the Late Triassic up to Early Jurassic, in the
Mokna sub-unit shallow waters sediments
of monotonous nature were deposited. The
limestone muds contain abundant fauna
assemblages such as foraminifers, algae,
corals and lamellibranchiate. To the North-
Northwest of the Peja unit (outside of Kos-
ovo and mainly in Serbia, Montenegro etc.),
the palaeogeographic panorama is much
the same as that of the South — Southeast
of Koritniku unit.

Along the Late Triassic and the beginning of
the Jurassic, differently from the Mokna plat-
form subunit, the Rugova sub-unit indicates
a pelagic nature. The presence of pelagic
bivalves argues a relatively deep basin. This
emphasizes that this sector is different from
other adjacent areas. For example, South-
west of Peja a shallow basin is evidenced.
In this neritic basin, carbonate muds with
megalodonts, corals and algae are devel-
oped. Summing up the available data, the
Rugova sub-unit is interpreted as the South-
western part of Peja Unit and represents the
transitional basin — pelagic slope segment of
the Dinaride oceanic basin.

(d) The Decani basin —slope unit: The geological
structure of this unit is the most complicated
one in the whole of Kosovan territory. The
platy limestones with cherts allow us to sup-
pose that during the Ladinian and in particu-
lar along the Late Triassic — Early Jurassic,
the Decani unit represented a deep basin.
Limestone muds and cherts with abundant
pelagic bivalves were deposited. This unit
is considered as the western slope-basin of
the Dinaride oceanic basin. It is necessary to
emphasize that, for the Kosovo terrains, the
available data for such an interpretation are
limited and we are relying on the analysis of
the geological situation in Montenegro and
other neighboring areas. It is inferred that
the Decani unit is the western basin-slope
of the Dinaride oceanic basin, and the Dur-
mitori unit has served as a platform-margin
unit of the Dinaride graben structure. To the
West of the Durmitori platform up to the
Adriatic Sea, the Bosnian platform, Albanian
Alps platform, Budva basin ( = Cukali) and
Dalmatian platform ( = Kruja) are found.

(e) The Malisheva unit: With reference to the
Ladinian and Late Triassic-Early Jurassic,
the data on the palaeogeographic situa-
tion in Malisheva unit are scarce. This unit
is extended along the Shkoder - Peje fault
(Dercourt, 1968). In this area the Cretaceous,
Neogene and Pleistocene-Holocene covers
are largely developed and the Upper Trias-
sic-Lower Jurassic platform limestones do
not outcrop. In the Northeast and East, the
Malisheva unit is unified with the Drenica
pelagic unit, whereas in the Southwest and
West, it continues to the Mbasdeja pelagic
unit of Albania. In Kosovo, this last is totally
covered by Mirdite - Gjakove ophiolites.

Jurassic and Jurassic-Cretaceous

During the Early Jurassic, in the Vardari and
Mirdite — Gjakove basins, the slow-spreading
of the ocean floor continued. In the environ-
ment of passive continental margins composed
of slope - basins the sedimentation of carbon-
ate-siliceous muds followed, while in the Peja
(Mokna) and Koritniku platforms, with shallow
warm waters of normal salinity, the carbonate
mud sedimentation continued.



With reference to the Sharri unit, the available
data are scarce, but in analogy with neighboring
countries, such as Albania (Kodra, 1987; Xho-
mo et al., 2002) and Macedonia (Pencerovski
and Haxhidimitrova, 1975), the sedimentation
of carbonate- siliceous muds continued in deep
sea conditions

During the Middle — Late Liassic and along the
Early Dogger over all the Kosovan area, differ-
ent geological events occurred. The continental
rifting encompasses in particular the Peja and
Koritniku platform areas. The last one is frac-
tured and onto the tilted and subsided blocks
are deposited syn-rift condensed pelagic facies
with Involutina liassica, ammonites and other
middle Liassic to lower Dogger micro facies.
On the basin-slopes of the oceanic basins the
deep sea sedimentation continued, but the
limestones were replaced by marlstones. Mean-
while, the rifting processes continued on the
continental margins. In the Vardari and Mirdite
- Gjakove ocean basins, the oceanic spreading
progressed and the initiation of the intraoceanic
subduction started firstly in Vardari and later in
Mirdite - Gjakove, (see Figure 3). The beginning
of the intraoceanic subductions marks the pas-
sage of the extensional geodynamic regime to
the compressional one.

No reliable age data on the starting of the in-
traoceanic subduction is available. In Albania,
in several sectors within island arc tholeiite
(IAT) type basalts, radiolarite layers of Bajo-
cian- Bathonian age are documented (Chiari et
al., 1994; Kodra et al., 1994; Kodra et al., 1995;
Prela, 1994, 1996). These data indicate that the
intraoceanic subduction in the Mirdite - Gjakove
oceanic basin occurred during the beginning of
the middle part of the Middle Jurassic. It is im-
portant to emphasize also that the age of the ra-
diolarites covering the IAT type volcanics found
at the topmost part of oceanic crust is Middle
Jurassic and more exactly Bajocian - Callovian
(Kelligi et al., 1994; Marcucci et al, 1994; Kodra
et al., 1994; Prela, 1994, 1996). The data provid-
ed refine termination of the subduction event.

The age of the metamorphic sole formation for
the northern half of the Mirdite -Gjakove ophio-
lite belt ranges within the time span 160 -170
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Ma, and corresponds to Middle Jurassic (Ba-
jocian - Bathonian) (Elezaj and Kodra, 2008).
In this way, a fairly simultaneous intraoceanic
subduction and bidivergent intraoceanic em-
placement leading to the metamorphic sole
production occurred. In the Mirdite - Gjakove
oceanic basin, more specifically in the Kosovo
area, the intraoceanic subduction episode led
to the complete consummation of the Trias-
sic - Jurassic MOR-type oceanic lithosphere.
In contrast, the Gjakova and Rahovec ophiolite
massifs belonging to SSZ-type ophiolites are
well preserved. The Middle Jurassic radiolarites
mark the maximum homogenization of the oce-
anic basins and adjacent passive continental
margins depths.

It is inferred that at the North of the Shkoder-
Peje fault different events such as continental
rifting, intraoceanic subduction and metamor-
phic sole formation started a little bit later, but
it should be noted that all these episodes oc-
curred during the Jurassic period.

The metamorphic ophiolite sole is formed at
the boundary between the Middle Triassic -
Lower Jurassic old oceanic crust and the Mid-
dle Jurassic thick and hot oceanic lithosphere
(Nicolas, 1989; Kodra et al., 1994, 1995; Xhomo
et al. 2002; Elezaj and Kodra, 2008).

The compressional regime gradually started up
onto the oceanic crust, which is affected by
the transform faults. It started with intraoce-
anic subduction and metamorphic sole produc-
tion episodes and was rapidly associated with
essential modifications of the sedimentation
types. In the narrow oceanic basins an inten-
sive tectonic activity developed. It is expressed
by intraoceanic subduction and different bar-
rier formation. In these conditions, the impor-
tant oceanic bottom currents led to radiolarite
accumulations or their absence on the basaltic
upper levels and passive continental margins
pelagic carbonates. It seems that the Middle -
Upper Jurassic tectonic-olistostrome mélange
in the Vardari and Mirdite - Gjakove oceanic
basins is formed in such active conditions. The
similar ages indicate also that the tectonic ol-
istostrome mélanges or ophiolitic breccias are
related to continental margins.
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During the closure of the Vardari and Mirdite-
Gjakove oceanic basins, the accretion wedges
represented by serpentinite and basalt-radi-
olarite slices developed. In the most peripheral
parts, carbonate and carbonate-chert slices
are also noticed. The close mixture with adja-
cent tectonic olistostrome mélange is recog-
nized as well. The deformation processes also
affected the basin-slope environments and the
proximal platform units; the listric paleo - faults
pass to inverse type ones; the block rotations
and overturned structures are largely identified.
The tectonic movements affected the oceanic
formations, especially the Triassic ones and
the continental margin sequences, leading to a
further complication of geological architecture.
Intensive tectonic processes are recognized
in the Vardari composite unit, where the com-
pressional dynamics is combined with strike-
slip faulting. At the same time, local extensional
tectonics took place. It is believed that multiple
tectonic factors facilitated the formation of lin-
ear and boudinage type structures.

In Kosovo, the Middle Triassic-Lower Jurassic
ophiolites are consumed. They were stripped
away during the closure episode of the Mirdite
- Gjakove oceanic basin. Only near Korishe are
the relationships of the Middle Jurassic ophio-
lites with the Middle Jurassic metamorphic sole
and the Middle Triassic- Lower Jurassic basalt-
radiolarites preserved.

In the Kosovo area, the reconstruction of the
Mirdite - Gjakove oceanic basins closure style
is difficult due to tectonic complications. South-
ward, in Albania, numerous data exist testify-
ing the bidivergent ophiolite emplacement that
occurred during the intraoceanic stage (see
Figure 3), (Kodra and Gjata, 1982; Kodra et al.,
1993; Kodra, 1987; Kodra et al., 2000; Kodra
and Gjata, 2001; Godroli, 1992; Xhomo et al.,
2002).

ROOT ZONES OF OPHIOLITES

The root zones of the ophiolites is an important
question for any tectonic models of their origin
and emplacement (Jones et al., 1991; Smith,
1993; Robertson and Karamata, 1994). The clo-
sure of the Vardari and Mirdite - Gjakove ocean

basins closure is interpreted in different modes
by various authors (Figure 4).

According to Bortolotti et al. (1996), Bernoulli
and Laubscher (1972), and Collaku et al. (1992),
all ophiolites are generated at the Vardari ocean-
ic basin and the Mirdite - Gjakove ophiolite belt
is considered a thick tectonic nappe. Robertson
and Shallo (2000) infer that the original setting
of the Albanian ophiolites is the Krasta-Cukali
trough (= Pindos in Greece), located between
the platforms of Kruja (= Gavrovo in Greece) in
the West and the Korabi - Pelagonian block in
the East. They suppose the ophiolite emplace-
ment to lie from West to East. Geological data
from the Krasta-Cukali zone in Albania and its
continuation in Greece (the Pindos zone) testify
that from Anisian to Tertiary, in those zones, no
oceanic spreading occurred (Kodra and Gjata,
2002). They suppose that simultaneously with
the Krasta - Cukali trough, another oceanic
crust was generated at the Vardari basin.

According to Kodra and Gjata (1982), Kodra
(1987), Godroli (1992), Vergely and Kodra (1995),
Vergely et al. (1997), two independent oceanic
basins, the Vardari and the Mirdita — Gjakova,
originated. Their closure led to the bidivergent
ophiolite paleo emplacement onto continental
margins.

The Vardari oceanic basin was closed before
the Kimmeridgian (Robertson and Karamata,
1994). Beside the Kimmeridgian - lower Titho-
nian neritic formations, in the Vardari zone, the
condensed slope facies represented by nodular
red ammonite limestones also occur. The upper
Tithonian flysch formations are the youngest
ones and they are lying onto the Kimmeridgian
— Tithonian limestones.

In the Mirdite — Gjakove area, the geologi-
cal data provides another picture. In Volljake,
cherts and red and green tuffs — siliceous rocks
intercalated with siltstone layers unconform-
ably cover the Jurassic mélange and the north-
ern part of the Rahoveci ophiolite massif. The
ophiolites are set tectonically on mélange and
basalt-radiolarite fragments. The Jurassic - Cre-
taceous flysch is deposited on the chert levels.
It is composed of marls, sandstones, and ophi-
olitic breccia etc. The flysch is Tithonian - Va-



Elezaj 123

W E:
| Komati - Gkl trough Mirdite - GJakove Ophioiite nappe S——
Kruja Platform Korab - Palagenian Masiv
» [_L Dardan Massif
A mERERRE
' % i A
ADRIAS PLATE “ PLATE
Mirdite - GJakove Ophlolite nappe Vardari Ophiolites
Krasta - Cukali trough and
oceanic basin
Kruja Platform
‘ Dardan Massif
P
é;; £ B
o ¢ )
v, | 1 /
[ ]/ 1
it
EUROPE
ADRIA PLATE i
‘7 Korab-Pelagonian block ———— ‘ PLATE
e E
Krasta - Cukali treugh € £ & VardariOphiolites
Kruja Platform Mirdite - GJakove Cphialite nappe % &5 E
g 887
1T | |
ST
S c
| TS
Korab- Pelagonian EUROPE
_ ADRIA PLATE _— Block PLATE
I = &5

Figure 4. Interpretations on the origin setting of Mirdite — Gjakove ophiolite belt (Kodra et al., 1994) (1. Continental
crust, 2. Tectonic olistostrome mélange and accretionary wedges, 3. Triassic and Jurassic ophiolites and
the metamorphic sole between them. A. Vardarian origin (Bortolotti et al., 1996; Bernoulli and Laubscher,
1972; Collaku et al., 1992). B. Krasta — Cukali origin (=Pindi) (Jones et al., 1991; Robertson and Shallo,
2000). C. Mirdita-Gjakova origin with bidivergent ophiolite paleo emplacement onto continental margins
(Kodra and Gjata, 1982; Kodra, 1987; Godroli, 1992; Vergely and Kodra, 1995, 1997)).

Sekil 4. Mirdite-Gjakove ofiyolit kusaginin kékeniyle ilgili yorumlar (Kodra vd., 1994) (1. Kitasal kabuk, 2. Tektonik
olistrostrom melanji ve yigisim kamasi, 3. Triyas ve Jura ofiyolitleri ile bunlar arasindaki ofiyolitik meta-
morfikler A. Vardarian kékeni (Bortolotti vd., 1996; Bernoulli ve Laubscher, 1972; Collaku vd., 1992). B.
Krasta — Cukali kbkeni (=Pindi) (Jones vd., 1991; Robertson ve Shallo, 2000). C. Kita kenarina cift tarafli
bindirme ile yerlesmis Mirdita-Gjakova kbkeni (Kodra ve Gjata, 1982; Kodra, 1987; Godroli, 1992; Vergely

ve Kodra, 1995, 1997)).
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langinian in age and it is a deep sea formation
indicated by the presence of siliceous rocks,
marls etc. The Volljaku flysch is an unmeta-
morphosed formation, testifying that the main
tectono-thermal events were terminated by the
Middle Jurassic-Late Jurassic.

CONCLUSIONS

Kosovo occupies a key setting in the geologi-
cal structure of the Central and Western parts
of Balkan Peninsula. During the Triassic and
Jurassic period important geotectonic episodes
occurred. In general, they defined the major
tectonic features of the Kosovan area and its
neighboring terrains.

The Early — Middle Triassic period is marked by
continental rifting, leading to the splitting of the
continental crust. This episode is associated
with its respective volcanism. In the Late Ani-
sian a major break up developed. The Korab-
Pelagonian and the Peje - Drina - lvanice micro
blocks were detached from the Euroasian plate
in the East and Adria (Apulia) in the West. It is
believed that slow - spreading oceanic ridges
were installed in the Vardari and Mirdita — Gja-
kove — Dinaride areas during this period.

During the latest Anisian — earliest Jurassic, the
individualization of the stratigraphic units is ac-
centuated. Oceanic basins, basin-slope units
with thin continental crust, platform units with
thick continental crust bordering the graben
structures and pelagic basin units with thin
continental crust developed.

During the Middle Jurassic — Early Dogger, in-
tensive rifting episodes are registered on the
continental crust. This process is followed by
oceanic spreading. The “western” type ophio-
lites of the Mirdite - Gjakove Ophiolite Belt and
their analogous associations in Vardari ophio-
lites originated in this period. By the end of
the Early Jurassic — Middle Jurassic, under the
compressional regime in the Vardari and Mird-
ite - Gjakove — Dinaride oceanic areas, a su-
pra subduction zone was installed. As a result,
“eastern” type ophiolites were produced.

During the Middle — Late Jurassic, the melange
formations and oceanic accretion wedges were

formed. In that time, intraoceanic plunging and
subsiding basins accumulating tectonic-olisto-
stromal mélanges developed. During the Late
Jurassic, the Vardari and Mirdita Gjakova-Di-
naride oceanic basins closed. In consequence,
on both sides of the continental margin, sub-
sidence and oceanic lithosphere emplacement
occurred. The bidivergent obduction of Triassic
and Jurassic ophiolites produced the metamor-
phic sole formations.
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