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TECTONICS EVOLUTION OF THE PALEOGENE BASINS
IN THE REPUBLIC OF MACEDONIA

Gose Petrov', Violeta Stojanoval, Vojo Mircovski', Andrej smucz, Pordi Dimov’

"Faculty of Natural and Technical Sciences, "Goce Delcev” University,
Goce Delcev 89, MK—2000, §tip, Republic of Macedonia
’Faculty of Natural and Technical Sciences, Geology Department, University in Ljubljana
Privoz 11, 1000 Ljubljana, Slovenia
Faculty of Computer Sciences, "Goce Delcev” University, ,
Toso Arsov 14, MK—2000 Stip, Republic of Macedonia
gose.petrov@ugd.edu.mk // violeta.stojanova@ugd.edu.mk

A bstra ct: Paleogene sediments on the territory of the Republic of Macedonia are widespread, especially in
its central and eastern parts, i.e. in the Vardar zone and Serbo—Macedonian massif (Kraisthide zone). After Laramide
orogeny compression, in expansion conditions, along the gravitational faults, continental trenches were created on
these spaces, with general direction NW—-SE, in which paleogene molassa sediments were accumulated. In the Vardar
zone, continental trenches are extended to the north to Skopska Crna Gora mountain (north of Skopje), which in-
cludes the Skopje-Kumanovo basin, Ov¢e Pole basin, Tikve$ basin, Gevgelija—Strumica basin and Valandovo basin.
In Kraisthide zone continental trenches stretches along the border with Bulgaria and it includes Deve Bair basin and
Delcevo basin. Bearing in mind the different thickness of the allocated Paleogene lithozones in the separate basins,
and the fact that in some basins lithozones absent, it can be assumed that their spreading along trenches were seg-
mented by cross faults with NE-SW direction. Cross faults are mainly contemporaneous faults.

Key words: Paleogene; molassa sediments; continental trench; contemporaneous fault

INTRODUCTION

After the final closure of the Vardar Ocean
and finishing processes of collision with Laramide
orogeny phase (Latest Cretaceous—Paleocene), the
southern parts of the Balkan Peninsula (the terri-
tory of Macedonia, southern Bulgaria, northern
Greece and eastern Albania), in the Eocene—Oligo-
cene period, became in the conditions of expansion
in the south Balkan extension region (SBER)
(Dumurdzanov et al. 2005). This extension system
belongs to a much wider area, separated as Aegean
extension region (Sengor et al. 2004) (Fig. 1).

Besides the intensive tectonics of Paleogene
sediments with Pyrenian orogeny and Savian oro-
geny compression (folding, faulting and shelling),
lithostratigraphy of these sediments is relatively
simple. Along the edge parts of the basin, sedi-
ments are represented by coarse conglomerates and
sandstones, while internal parts are represented by
finegranular sediments, marlstone, clay and others.
They are transgressive through the older forma-
tions, from Precambrian to Mesozoic.
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Fig. 1. Simplified tectonic map of the Eastern Mediterranean
region showning Southern Balkan Extensional Region (SBER
— horizontal lines) in relation to selected tectonic features.

In Balkan region, position of the volcanic arcs of Eocene—Oli-
gocene age (Eo-Olig); Miocene (Mio), and Pliocene to Recent

(Active); are shown. The location of Macedonia is outlined.
KF — Kefalonia fault zone; NAF — North Anadolska fault zone
(taken from DumurdZanov et al. 2005)
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In all these basins, Paleogene sediments have
been identified as Upper Eocene—Priabonian and
Lower Oligocene (Pavlovi¢ 1926; TemkxoBa 1958,
1967; Mitrovi¢ et al. 1990; Dzuranov et al. 1999:

TyneBa 2000). The total thickness of Paleogene

sediments (Upper Eocene—Lower Oligocene) is
evaluate at about 3 000-3 500 m.

STRATIGRAPHY OF PALEOGEN IN THE R. MACEDONIA

According to the spatial expansion, Paleogene
in R. Macedonia can be divided into 4 main (lar-
ger) basins and a few isolated blocks, usually lo-
cated along the shells with NW-SE orientation.
These are: Tikves, Ovce Pole, Skopje—Kumanovo

and Delcevo basin as the main basins and Deve
Bair, Dedeli-Rabrovo (near Valandovo) and
llovica—Stuka in Strumica valley, as isolated
blocks (Fig. 2).

1 A TN AT 'Tn_r
/ %
N,
’-\'-‘-._\ S E R Bf‘ v s --H.J\r\ [-ANY G}
3 H/ ﬁ\_ ff Kumgnm‘nj\\ L @
\1 il F'\ X ﬂ:‘\..\\:/ : My -
N ¥ \ -\
V7 Teagvo S \\sKoPIE &0 (% \ @ Deftes) ©
% 11 o - f; > C N\ -4 Mol vy
/ / e 7% F > g : . '\"i /I ‘
J / (g N\ iy
S~ 8\ T ) ey P
ostivar § = 127 \
) DA \ \ EZEN oy
/ 5 Veles /7 #wan, - bl Cj
-::t 'l = \ \ e \ &
§ G N 7 I
- ZMZ \"H‘VZ )
| i L H_.-\_‘\ I-’ \ ™ L\ 1 -?
| /\ \ L e 3
| Zce _/..»"f \ ';]{I-I\J'II&QT S.lru_gl_ica? )
< \:)eb;lr —— \ ¢ * 'M_E_j
e \
- 5 f I’l‘ll.p \ P
o N A\, . % \ \
— ‘ TR TN (r“‘?——\ﬂ' o ! Tl)uj:a::
= N e Gevgelija8 Yy lake
e E\ P { ;\ 2 W tatn VPR - ’/f\
!\ Ohrid { f
\\_‘; 2 1 . \ %
R Bn.ula 5 [ |
51‘( r “"?"‘}'\ - ol “’KHJE v ¢ ¥
o s By ﬁrﬁ.‘?.;\ -~ - SR I
St i~ e
iF— G » o

Fig. 2. Distribution of Paleogene sediments in Macedonia

1- Tikves basin, 2 — Ov¢e Pole basin, 3 — Skopje—Kumanovo

6 — Strumica basin, 7—

With lithostratigraphical studies to Paleogene
sediments in the basins of R. Macedonia, five su-
perpositional lithostratigraphical units (litozones)
were separated: basal lithozone, low flysch litho-
zone, lithozone of yellow sandstones, upper flysch
lithozone and Oligocene lithozone (Fig. 3).

Basal lithozone ('Es) starts with basal conglo-
merates and sandstones, clay stone and kalkarenits
(all in red and purple color) lay above. This zone is
presented in all Paleogene basins on the territory of
the R. Macedonia. Thickness of this lithozone var-
ies from 350-700 m. Paleontological is docu-

basin, 4 — Deléevo basin, 5 — Valandovo—Gevgelia basin,
Deve Bair basin

mented in the Tikves basin, with large macrofauna,
represented by Molusca and Anthozoa (Maksi-
movi¢ et al. 1954).

Lower flysch lithozone (°E;) is a thick about
1100 m. It is developed in Tikves, Ovce Pole and
Deve — Bair basin with rhythmically replacement
of red and gray conglomerates, sandstones, clay-
stones and marlstone and alevrolites. In Deve Bair
basin, in the rhythms of the zone volcanogenetic
sediments appear. In the upper stratigraphic levels
Priabonian snails, shells, coral and macroforami-
nifer fauna are determined (Temkoa 1958).

Geologica Macedonica, 24 (1), 31-37 (2010)
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Fig. 3. Correlation of Paleogene basins in the Republic of Macedonia
1 — lower oligocene sediments, 2 — upper flysch lithozone, 3 — lithozone of yellow sandstones, 4 — lower flysch lithozone,
5 — basal lithozone, 6 — paleorelief

Lithozone of yellow sandstones (°E3) is thick
from 600 to 1000 m. It is present in Tikve$ and
Ovce Pole basin, where vertical and lateral passes
in the top flysch lithozone, while in Skopje—
Kumanovo basin sediments that belong to this
lithozone were moved out into the sediments with
Oligocene age. Lithozone of yellow sandstones is
determined as Priabonian with large foraminifer
fauna, snails, corals, shells and more (TemkoBa
1967).

Upper flysch lithozone (‘E;) is thick from
1000 — 2000 m. The greatest thickness (about 2000
m) is presented in Tikve§ basin (based on data
from drilling). Characteristic for this lithozone is
its gray color. In the upper flysch lithozone gray
sandstone, marls and claystones are present and on
the top are limestones, with obvious gradation,
convolution and lamination.

All levels of the lithozone are rich in snails,
shels and foraminifer fauna, while in the upper
limestone layers are determined: Nummulites fa-
biani, Nummulites incrassatus, Nummulites buden-
sis, Operculina alpina, Discocyclina angastae

Geologica Macedonica, 24 (1), 31-37 (2010)

(Maksimovi¢ et al. 1954, PakuueBuk et al. 1976)
and microforaminifer fauna of Priabonian age
(Dzuranov et al. 1999).

Oligocene sediments are preserved with
thickness from 200-300 m in some parts of Ovce
Pole basin (in the vicinity of Kocani) and in Skopje
—Kumanovo basin. This lithozone begins with
ridge gray limestones, with typical marine fauna
the sandstones are above them and on the top ends
with clay stones.

Limestones have typical shallow character. In
the lower part they are in breccious, and in the up-
per part move into corale limestone. The age of
limestone is problematic, because despite Oligo-
cene types of Nummulti (Nummulites intermedius
— typical oligocene kind), Anthozoa, Gasteropoda,
Bivalvia and Echinodermata (Karajovanovi¢ et al.
1975), in fossil association occur species from Eo-
cene to Oligocene. But according to stratigraphy
position, lithologic composition and discovered
fauna, the age of these sediments is determined as
the lower Oligocene.
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TECTONICS EVOLUTION OF PALEOGEN AND DEVELOPMENT OF ACUMULATION BASIN
IN THE R. MACEDONIA

In terms of expansion and a general trend of
segmentation in the wider region of the Balkan
Peninsula, wide areas of the territory of the Repub-
lic Macedonia, primarily the area of the Vardar
zone and Serbo-Macedonian massif (Kraisthide
zone) and border areas with Albania (near Debar),
during Upper Eocene were covered with differen-
tial vertical movements. Such processes of exten-
sion and vertical tectonics conditioned the forma-
tion of trenches, along which gradually entering
marine waters from the south and southeast to the
north and northwest. Today preserved Eocene—
Oligocene masses with its geological position, ex-
tension and orientation suggest that the formation
of trenches was controlled by the gravitational
faults with a dominant direction NW-SE. Faults in
this direction, often represent reactivated older
faults, located in the border, very mobile, parts of
the Vardar zone with Pelagonian massif (from
west), Serbo-Macedonian massif (eastern side) and
the newly formed fault lines in the Vardar zone
and Serbo-Macedonian massif of the same orienta-
tion (NW-SE).

With the intensive transgression, because of
the spreading of the sedimentation basin, sedimen-
tation from the trenches expanded and spread to
most of the Vardar zone. Towards north reach the
terrains northeast of Skopje, and to the east cov-
ered the entire central and eastern Vardar subzone,
and most of the Serbo — Macedonian massif (and
Kraisthide zone). In that way, very wide sedimen-
tary basin that existed in the Upper Eocene was
formed.

The accumulation of Upper Eocene sediments
began with continental terrigenous sediments, with
red and red—violet color, presented by coarse con-
glomerates, sandstones and clay stones and thin
layers of gray kalkarenites. With the gradual deep-

ening of the area, sedimentation become sea type.
Vertical sinking of the terrains was the most ex-
pressive in Tikve§ basin, where sediments are
formed by mass with thickness 3 000-3 500 m and
in Ovce Pole basin to 3 000 m (Fig. 3).

Paleogene sedimentary masses from Tikves,
Ovce Pole and Skopje—Kumanovo basin presented,
more or less, a whole, in places covered by Neo-
gene or Quarter deposit or divided by a narrow
neotectonics horst. The general orientation of this
mass is NW-SE, conditioned by postlaramie faults
segmentation of the area, with which trenches were
formed and after which entering Eocene transgres-
sion with accumulation of sediments. Most of these
fault structures were renewed in posteocene period,
and because of that mass maintaining the same
orientation. Small deviations in the extension of
mass in the WNW-ESE direction are caused by
faults of neotectonic stage.

After the forming of Late Eocene—Oligocene
sediment mass, in the Lower Oligocene, it was
covered with Pyrenian compression, and at the end
of Oligocene and Lower Miocene with Savian
compression. During these orogeny phases, inten-
sive folding, faulting and sheathing was made to-
wards the west. As a result, widespread Paleogene
mass was segmented in a large number of partially
or completely isolated blocks. Compression ori-
ented east-west, conditioned folding of Paleogene
sediments in discrete anticline and syncline form,
often with an orientation NW-SE to N-S. With
this compression, parallel with folding, creation of
numerous faults and shells with NW-SE to N-S
orientation starts.

RESULTS AND DISCUSSION

More conclusions can be done if analyzing
the horizontal distribution of Upper Eocene—Lower
Oligocene sediments (separated in 5 superposi-
tional lithozone) in individual sedimentary basins,
and analysis of the thickness of individual litho-
zone. Namely, it was mentioned that basal litho-
zone ('E;) is present in all Paleogene basins, sug-
gesting that in this period sedimentation took place

in relatively calm tectonic conditions. The thick-
ness of the basal lithozone is the largest in Tikves
and Gevgelija—Valandovo basin, which means that
in such a relatively calm tectonic conditions south-
ern part of Paleogene sedimentary basin in the ter-
ritory of the R. Macedonia sinking faster.

During the deposition of the lower flysch
lithozone (°E;), differentiated vertical movements

Geologica Macedonica, 24 (1), 31-37 (2010)
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in sedimentary basin took place. This lithozone is
absent in Skopje—Kumanovo, Del¢evo, Gevgelija—
Valandovo and Strumica basin, which means that
these regions were land in that time. This suggests
that in addition to faults with spreading NW-SE
(after formation of Paleogene trenches) existed
transverse fault lines in NE-SW direction (Fig. 4),
after which becomes differentiated vertical rising
(or sinking).

In the Vardar zone, lower flysch lithozone has
larger thickness in the Ovce Pole basin than in
Tikves basin, and it can be concluded that along
the transverse contemporancous fault, Ovée Pole
basin is sinking faster. In border areas of Bulgaria
(in Kraisthide zone) in the northern trench (Deve
Bair basin) sinking was more intense compared to
the southern part (Delcevo basin).

Lithozone of yellow sandstones (°Es), as the
lower flysch lithozone is not continuous in all Pa-
leogene basins. It is absent in Del¢evo basin, Gev-
gelija—Valandovo basin and in Strumica basin. The
trench in the Vardar zone has the greatest thickness

in the Skopje—-Kumanovo basin, and along the
transverse fault sinked relatively faster compared
to Ovce Pole and TikveS basins. In the Serbo—
Macedonian basin lithozone of yellow sendstones
is not present, meaning that these areas were land.

In the final phase of Paleogene sedimentation,
at the time of deposition of upper flysch lithozone
(‘E;), the Vardar zone and Serbo-Macedonian
massif (Kraisthide zone) were under water. The
southern parts of Vardar zone (Tikves and Ovce
Pole basin) sinking more intense compared to the
northern parts (Skopje—Kumanovo basin). In Kra-
isthide zone southern of the trench (Delcevo basin)
sinking more intense compared to the north, where
the upper flysch lithozone is eroded.

In the Lower Oligocene (Ol) sedimentation
took place mainly in the northern parts of continen-
tal trench along the Vardar zone. In Skopje-
Kumanovo basin sinking was most intense, and in
the SE terrains relative rising was present.
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Fig. 4. Simplified tectonic map of the Paleogene in the Republic of Macedonia
in Vardar zone, II — in Serbo—Macedonian massif (Kraisthide zone); 1 — paleogene sediments,
2 — longitudinal faults, 3 — cross (transverse) faults
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CONCLUSION

On the territory of the Republic of Macedonia
Paleogene sedimentary basins are present in two
continental trenches formed in extension condi-
tions along the gravitational fault lines with direc-
tion NW-SE. Continental trench that was formed
in Vardar zone, starts north of Skopje—Kumanovo
basin. Towards SE structure expands and includes
the OvcCe Pole basin, TikveS basin, Gelgelija—
Valandovo basin and Strumica basin. In the border
belt with Bulgaria, in the Kraisthide zone, rela-
tively narrower continental trench that covered
Deve Bair basin and Del¢evo basin was formed.

Besides gravitational edge faults, along which
the continental trenches were formed, great signi-

ficance for the course and character of the individ-
ual Paleogene sedimentation basins have cross—
faults with NE-SW direction. Along these, mainly
contemporaneous fault, during the Upper Eocene —
Lower Oligocene differentiated vertical move-
ments took place. As a result of such sinking or
rising, big differences in thickness of individual
lithozone (Fig. 3) appeared. In Tikve$ basin and
Ovce Pole basin the Paleogene lithostratigraphic
columns are complete, while in other Paleogene
basins one or two lithozones are missing (lower
fhysch lithozone and the lithozone of yellow sand-
stone)
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Pesume

TEKTOHCKA EBOJIYIIMJA HA TTAJIEOT'EHUTE BACEHHU BO PEITYBJIMKA MAKEJOHHNJA
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K.]Iy'-lHPI 360p0B](I! NaJICOTCH; MOJIACHU CEAUMEHTH; KOHTUHEHTAJICH TPOI'; KOHTCMIIOPApEH pacea.

[Taneorenute cequMeHTH Ha TepuTOopHjaTa Ha Pemy0-
mka MakeqoHHja ce MIMPOKO PACIpPOCTPaHETH, 0COOEHO BO
HEj3UHUOT LIEHTPaJeH U MCTOYHEH JeJ, OJHOCHO BO Bapnap-
ckata 30Ha U Cprncko-Maxkenonckuot macuB (Kpaunmruanara
3ona). [To Jlapamuckata oporeHa KomIipecuja, BO YCIOBH Ha
€KCTEH3Mja, Ha OBHE POCTOPHU OMIIe CO31a/IcHN KOHTUHEHTA-
HH TPOTOBH, JOJDK TPAaBHTAllMOHH PAaceld CO IeHepaJieH IIpa-
Bel Ha nporerame C3-JU, Bo koM ce TajnoxkKele MaleoreHu
MOJIACHU CEIMMEHTH.

Bo BappapckaTa 30Ha KOHTUHEHTAJTHUOT TPOT Ha CEBEP
ce mpoctupan g0 Ckorcka Ilpaa 'opa (ceepHo on Ckorje),
BO Koj BieryBaar Ckoncko-KymanoBckuot GaceH, OBuernos-
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cknot Oacen, TukBemkuoT Oacen, I'eBrenmcko-BanannoBcku-
ot Oacen u Crpymmukuor OaceH. Bo Kpaummruonara 3oHa
KOHTHHEHTAJTHUOT TPOT CE MpOoTera A0JDK rpaHunaTa co byra-
puja u Bo Hero BieryBaar [leBeGaupckuor OaceH u Jlemues-
CKHOT OaceH.

Wmajku ja mpensup pasiandHata neOennHa Ha H3IBOE-
HHUTE MaleoreHH JIMTO30HM BO MOEAUHHTE OaceHH, U (aKToT
IITO BO HEKOMU OAceHH HEKOU JIMTO30HHM OTCYCTBYBAaT, MOXKE
Jla ce MPETHOCTaBH JAeKa TPOrOBUTE 0K HUBHOTO MPOTETAE
Ouiie CerMEHTHPaHU CO HAIIPEYHU paceau co nporerame CH—
J3. Hampeunure pacequ TIJIaBHO HPETCTaBYBaaT KOHTEMIIO-
papHHU pace.





