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Abstract. The titled topic refers to the area from the great meander of the
Danube River in the north, to Zagrade, south of Zajecar and, to the west, it main-
ly along the length of the mountain edge of the Carpathians, additionally
with the intramountain trough of Borska Slatina. To the east of the state border,
segments of the transborder area of Romania and Bulgaria are included. The
total area of the amoeboid contour is about 2,500 km?, within the orthogonally
wider framed map. In geological sense, it includes the westernmost margin of
the Dacian Neogene Basin, unconformably formed above the crease belt of the
Krajina Pre-Carpathians which was affected by Laramyian-Pyrenean defor-
mations; in the trough of Borska Slatina above the Intra-Carpathian mag-
matic-volcanic formation, and from the curved route east of the Peri-Carpa-
thian contact as the whole cover of consolidated and block-shaped the
Moesian Platform. A part of the abundant content of surface, field and cabinet
paleontological-stratigraphic, primarily Neogene studies, resulting from the
long-term research of recognized authors is displayed in an appropriate
manner. Besides, individual representation and intervals from the sites of
shallower drilling of different purposes were added. For the first time, the data
related to the Neogene and older geological units from the deep boreholes are
highlighted, and by well log interpretation and correlation positioned on the
attached tables and illustrated with figures. For the first time, the geometry of
indented base of the Cenozoic of the entire territory is presented, that is
compatible with the geophysical primarily harmonized gravimetric and
reflective-seismic indicators. In the Negotin - Zajecar area, we publish the first
complex interpretation of the discontinuity of foothills formed as a result of
the Alpine orogeny, by depth, above the paleomorphologically formed the
Paleozoic Caledonian-Hercynian basement. The greatest thickness of Cenozoic
deposits near Velika Vrbica, in the meander of the Danube River, has been
interpreted up to 2,300 m, proved near Mala Vrbica (borehole Vb-1, 1,990 m)
and, terminates in the Upper Cretaceus of the Carpathian foothills at a depth
of 2,497.7 m . The oldest well-defined stratigraphic unit is the Ordovician in
the Bukovce-1 borehole near Negotin, with a bottom of 1,982 m on the Krajina
part of the Pre-Carboniferous to Sub-Jurassic interval of platform. The deepest
borehole in the studied area is 55 Chilia 7, completed in the late Silurian of the
Moesian Platform at a depth of 3,203.5 m.
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KibyuHe peuu: [laneonmoaowku
Hazasu, cmpamuapagdcka

AncrpakT. HacsioB/beHa TeMa 0JHOCH ce Ha npocTop of, Besmkor MmeaHnzapa
JyHaBa Ha ceBepy, fio 3arpaba, jy>kHo of 3ajedapa, a Ha 3anajly HaueJsHo 110
JY>KMHU IJIaHUHCKOT py6a KapnaTa, 0jlaTHO ca MHTparopHuM poBoM bopcke
CnatuHe. UcTouHUje of Ap:kaBHe TpaHUlle YK/byYeHU Cy CErMeHTH Npu-
rpaHUYHUX TepuTopUja PymyHuje u Byrapcke. YkynHa nospuimHa aMme6ouiHe
KOHType u3HocH oko 2.500 km?, yHyTap OpTOroHaJ/IHO IIMpPE ypaMJ/beHEe
KapTe. Y TeoJIOIIKOM CMUCTY, 06yxBaheH je Haj3anagHuju 0604 Jlakujckor
HeoreHor 6aceHa, HecaryJlacHo GOpMHpaHOr H3HAJ YK/beLITeHOI Mojaca
JIapaMMjCKO-ITMPUHEjCKU TeKTOHN30BaHUX KpajuHCKUX IpeiKapaTa; y poBy
Bopcke CiaTuHe U3Ha/ UHTPaKaplaTcke MarMaTo-ByJKaHoreHe ¢popmMaliyje,
a 0/l 3aKpUBJbEHE Tpace HCTOYHO OJf IePUKapNaTCKOT KOHTAKTa, Kao YKyIaH
MIOKPOB KOHCOJINZI0BaHe U GJIOKOBCKM 00JIMKOBaHe Me3ujcke miatdopme.
[IpyKJIaIHUM TOCTYNIKOM M3JI0KEH je Z1e0 0GMJIHOT Ca/ipKaja MOBPLIMHCKO-
TePeHCKUX U KaOUHETCKHUX [1aJIEOHTOJIOIKO-CTPATUTPadCKUX, IPBEHCTBEHO
HeOreHUX NpoyvyaBaka, IPOUCTEKAO JyrorofUIIkbUM aHTaXKOBawkeM IpU-
3HATHUX ayTOPa, y3 [10je;JUHAYHY 3aCTYN/beHOCT U UHTepBaJla ca JIOKaJIuTeTa
minhux Gyliema pa3IuduTUX HaMmeHa. OBoM pedepeHIIOM pPEMUjepHO CY
MCTAaKHYTH NOJalH U3 yOOKUX GYLIOTHHA HEOTeHE U CTapHje reoJioTHje, Koju
Cy KapOTaXKHOM KOpeJIaliljoM [TO3UIMOHUPAHU Ha MPUJIOKEHUM TabesamMa U
WUJIyCTPOBAaHUM CJIMKaMa. [IpBM MyT ce jaCHO KOHKpeTH3yje reoMeTpHja
pasybheHe mojuHe HeoreHa yKyIllHe TepPUTOpHje, KOMINATUOUIHO reopu-
3MYKHM, IPBEHCTEBHO ycarjalleHUM rpaBUMeTPUjCKUM U pedeKTUBHO-
CeU3MHUYKHM MoKa3aTebuMa. Ha npoctopy Herotrn-3ajedap o6jaBsbyje ce u
IpBa KOMILJIEKCHA MHTepIpeTalyja JUCKOHTUHYUTeTa nperopja Ajmncke
TEeKTOHH3aNHje, JyOMHCKH MOKPOBHO U3HA/J, TaJ1e0MOPQOJIOIIKH 06IUKOBaHE
IaJ1e030jCcKe KasleZJOHCKO-xepLiMHCKe ocHoBe. Hajeha Jie6/p1Ha KeHO30jCKUX Ha-
cnara kof, Benuke Bpoune y meanipy [lyHaBa nuHTepnpeTrpana je 7o 2.300 m,
a flokasaHa koj Mane Bp6uue 6ymoruoMm Vb-1 (1.990 m), 3aBpiueHoj y

paszpaHuversa, Kopeaayuja 6yuiomuHa, TOpw0j Kpeau Kapnarckor npearopja npu Ay6unu 2.497,7 m. Hajctapujy,
dybuHcke KoHu2ypayuje, cmpykmypHo-0yIOTUHCKY ofpeheH cTpaTurpadcky 4aH je OpJOBUIMjyM Y OyLIOTUHU

meKmoHcka uHmephpemayuja,
naseozeoepaduja, 6aceHCKU HEeO2eH,
Kapnamcko npedzopje, Mesujcka
naamgopma

BykoBue (Bu-1, ca fuom 1.982 m) Ha KpajuHckoMm peny mofjypcko-mpe-
kap6oHcke maTdopme. Hajay6spa 6ymorruHa Ha o6yxBaheHOM mpocTopy je
55 Chilia 7, 3aBpuieHa y miaheM cunypy Me3ujcke niatdopme y JyOUHU
3.203,5m.

Introduction

between Kladovo and the confluence of the Timok
and the Danube rivers, the alluvial plain and
terraces of the Danube (Cviji¢, 1921; PETKOVIC, 1948;

Timok Krajina covers the area of eastern Serbia
located south of Kladovo, the Serbian part of the
lower Danube and its hilly and mountainous
hinterland, Negotin, ZajecCar and its surroundings,
bordering Romania in the north and Bulgaria in the
east. Thus defined the square area is aprox. more
than 2,500 km? (Fig. 1). It got its name from Timok,
the largest river that drains the southern part of the
area, all the way to the confluence with the Danube,
south of Negotin. Mountainous terrain surrounds
this area from the west, south and southeast (Kucaj,
Deli Jovan, Miro¢, TupiZnica, etc.). In the east,
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DRrAGISIC & PoLomci¢, 1998) mark a large lowland
known as the Dacian Basin. The lowest point in
relief, and at the same time the lowest point in the
whole of Serbia, is located at the confluence of the
Great Timok and the Danube rivers (28 m.a.s.l.).
The study of the geological structure of the
terrain of eastern Serbia has a tradition of over one
hundred and fifty years. Special attention has been
paid to the relationships of geological units on the
surface, especially within and along the edge of the
tectonized Carpathians. However, since the dis-
covery of the Paratethys, a large epicontinental sea
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Fig. 1. a) Geographical position of the studied area, b) Toponimic map, and c) The geological map of SFRY 1: 500 000, sheet 4 Belgrade,
1970). Key (modified and simplified): Q - Quaternary, N — Neogene, M - Mesozoic (flysch, andesites, carbonates and other sedimentary

rocks), and P - Paleozoic (granite, gneiss).

existed in the central and SE Europe (LASKAREY,
1924), interest in studying the younger, basin-like
deposits of the Dacian Basin has grown. Much later,
the development of geophysical methods and deep
drilling has led to new and previously unknown
data.

Recently, the most widely used tectonic division
of the area of Serbia and beyond (ScHMIDT et al.,
2020) includes the studied area of the Timok
Krajina. Herein, the tectono-stratigraphic contents
of several large entities collide: from Romania, parts
of the rigid and stable the Moesian plate (European
plate) are "drawn" under the southern Carpathians,
which is laterally in "conflict" with the Carpathian-
Balkan autochthon (Danubicum) and allochthonous
units (Getic and Supra-Getic thrusts). They are extre-
mely tectonized and represent the paleorelief and
basement units for young, basin-based deposits in
the Timok Krajina, i.e. western margin of the Dacian
Basin (e.g. ScHMIDT et al., 2020; KRSTEKANIC et al.,
2022). Keeping in mind the complexity of the Carpa-
thian orogen as well as well-diverse the Miocene
basinal units, the authors gave a simplified legend
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to mark only general relationships on the attached
geological map (Fig. 1c), without distinct strati-
graphic affiliation. Still, more details will be shown
in the chapter of stratigraphy.

This study has an emphasized in-depth dimen-
sion of data interpretation, which distinguishes it
from most previous studies in the research area.
Earlier references refer mainly to the surface stra-
tigraphy of the Neogene, in places and to the contact
with the immediate basement (e.g. STEvANoOvIC, 1977,
1989 and references therein). By combining geolo-
gical and geophysical data based on own and partly
previously published data, we drawn the thickness
maps and subsurface geological models that were
not previously available. Firts of all, it refers to the
presentation of depth geometry of the Neogene
basement and the configuration of the paleo-
geographic unconformity between the base of the
Moesian Platform and the Alpine tectonized Pre-
Carpathian cover. Therefore, this study contributes
to better knowledge of the geological evolution of
the Serbian part of Pre-Carpathians and the western-
most margin of the Dacian Basin.
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Review of the earlier researches

The first geological data between the Danube
and Timok Rivers were published by Toura (1877).
Rapovanovi¢ (1888, 1891) studied the Neogene
rocks in contact with the basement along the length
of the basin margin. Additionally, RAbovanovi¢ & Pav-
LoVIC (1891, 1893), Paviovi¢ (1893,1903), and Z1vKo-
vI¢ (1893) reported on abundant macro- and micro-
fauna findings. Zujovi¢ (1889) produced the first
"geological sketches" of Serbia, including the area of
Krajina. BrRusiNA (1902) cataloged fossil specimens
outside the Pannonian domain, from the eastern
Serbia and the bordering Bulgaria.

After the end of World War I, Cviji¢ (1921)
described the Danube River terraces, and PavLovic
(1923) analyzed fossils from the oolitic limesto-
nes of Crnomasnica. LASKAREV (1924) defined the
"Paratethys" as an intracontinental aquatorium
that covered the western margin of the Dacian
Basin and the Krajina area. PETkovi¢ (1928) studied
the Sarmatian deposits in the Bracevac vicinity.
PETKOVIC (1930) among others, singled out the
Perdap thrust as a part of the Carpathian orogen,
whose parts are partially exposed along the length
of the foothill belt. Lukovi¢ & PETKoviC (1934) consi-
dered the existence of "intra-Sarmatian discor-
dance". In same year, Laskarev limited the "Buglo-
vian strata” to the basal part of Sarmatian (LASKAREY,
1934). During 1932-1937, PavLovi¢c M. significantly
expanded Neogene paleontological studies, espe-
cially by engaging in the making of the Booklets for
geological maps of Kladovo and Negotin (PavLovi¢
1932, 19373, 1937b).

After World War I, the intensity of geological
studies increased, along with the expansion of de-
dicated aspects of research and applied methods.
PETKOVIC (1948) established the existence of deltaic
sedimentation in the Kladovo area. LASKAREV(1950)
defined the "transitional" Buglovian strata as a zone
of the lowest Sarmatian. Stevanovi¢ (1950, 1951,
1953, 1955, 1958) mapped Maeotian and Pontian
in the vicinity of Kladovo and the Pontian on the
KobiSnica plateau near Negotin, as well as the expo-
sed Neogene deposits along the Carpathian foothills
from KladuSnica to Brza Palanka. PaviLovic (1953)
wrote about Badenian deposits in Bracevac, near
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Negotin. VESELINOVIC-CICULIC & SIKOSEK (1957) repor-
ted on the discovery of macrofauna from the Bade-
nian/Sarmatian boundary, in the export shaft of the
Lubnica coal mine near Zajecar. Stratigraphic contri-
butions for the Maeotian and Pontian of eastern
Serbia and elements of the Pre-Badenian and Bade-
nian rocks in the Slatina Basin were published by
Popovi¢ (1958, 1968). She singled out Badenian at
the outcrops of the Zajecar surrounding, including
Badenian in the well B-25 near Avramica (Popovi¢ &
GaAGI¢, 1969).

The hidrocarbon exploration began with the
compilation of a map at scale 1: 300,000, by Mari-
Novi¢ (1955, 1959) (field work at scale 1: 50,000
documented by paleontological findings) for the
Sip-Rgotina-State border area, as well as the drilling
of Rtkovo-1 borehole. For this purpose, during
1957-1958, the first gravimetric measurements
and reflective-seismic profiling were performed.
For historiographical reasons, we note here that
all the deep exploratory drilling ("Naftagas", Novi
Sad) was carried out between 1958 and 1974, and
geomagnetic measurements between 1965-1967
("Geozavod" Fund, Belgrade). The first in-depth
stratigraphic evaluations based on well logging
records, as a model with paleontological findings,
were authorized by MARINoVIC (1971) as the annex
no. 5 of reference by Bo$kov-STAJNER & MARINOVIC
(1971). A part of the cores from the Bukovce-1
borehole (E-SE of Negotin), regarding the Ordovi-
cian-Devonian age, were published by PANTIC & SECE-
ROV (1975). The gravimetric map at scale 1: 500,000
was publicly displayed (Arsi¢ et al., 1976). The maps
of a densened gravimetric network with different
filters and the map of the geomagnetic vertical
gradient for a part of the Bor-Zaje¢ar magmatic-
volcanic belt were published by BiLiBajKi¢ (1986).

In the period 1959-1989, DZopZo-Tomi¢ (1963,
1969, 1970) independently or in co-authorship
with Ci¢uli¢ and Popovié R. of the internal report
for the Basic Geological Map, sheet Bor (KALENIC
et al, 1976) was distinguished the micropaleon-
tological zones of the Badenian and Sarmatian.
MARKOVIC-MARJANOVIC (1967) treated the Quaternary
of the Kladovo area in a manner comparable to the
transborder territories. MiLovaNovi¢ & CIRIC (1968)
published the "Geological map of SR Serbia" at
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scale 1: 200,000. Here, its parts of the eastern half-
sections of OrSava and ZajecCar were partially used
for a simplified compilation of the basin margin.
PETROVIC (1961, 1969, 1988) distinguished the Bade-
nian and Sarmatian foraminifer biozones of the Stu-
bik trough, as well as beyond. ERcEGovAc (1963) de-
termined the fossil flora between Brza Palanka and
Negotin. Stevanovic¢ (1964) renewed detailed macro-
paleontological studies in certain areas of the pre-
mountain Neogene, including intramountain deve-
lopment near Borska Slatina, and later (1977-1981),
individually and in other areas. Dori¢ (1977) re-
ported on Neogene between Negotin and Zajecar.
During 1981 and 1983, in the localities of the Danu-
be belt of the Negotin area, the same author inde-
pendently or jointly worked in detail on instructive
outcrops of the condensed Neogene (STEVANOVIC,
1977; STEvANOVIC & DoLI¢, 1981). Here, we single out
the reference StevanoviC (1989) and his engagement
as one of co-editor and co-author of the book on
Pontian from the well-known edition entitled
"Chronostratigraphie und Neostratotypen, bd. VIII".
His author's and co-authorized chapters refer to the
western margin of the Dacian Basin.

Additionaly, the route of the principal delimita-
tion of the Carpathian foothills with the Moesian
platform, textually and graphically with the loca-
tions of wells, were shown by Atanasiu & CHIRIAC
(1965), BANciLA (1967), and Barbu & VASILESCU
(1967). Important data of the nearest (shallow)
transboundary boreholes were given by Bokov et al.
(1965), and KojumpaiEva et al. (1982, 1989). Broader
geological-paleogeographic, mainly pre-Neogene
considerations were published by BoncHEV (1980).

After 1990, primarily paleontological-strati-
graphic contributions on Neogene of the studied
area were published (e.g. Krsti¢, 1991; KrsTiC &
MILICEVIC, 1995; MIHELCIC & Dobikovié, 1995;
MiIHAJLOVIC & KRSTIC, 1995; TanaskoviC et al., 2014;
bajic et al,, 2019; Runpic et al., 2015, 2018, 2019).

Material and Methods
The material and data are the result of the co-

authors own research, and are partly taken from
previously published works and archive materials
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of other authors. Localities with selected paleon-
tological findings, primarily from the Neogene
period, are briefly presented in the stratigraphic
chapter, and additionally with several samples from
very shallow boreholes and from one mining shaft.
Paleontological-stratigraphic determinations of the
basement rocks were taken from other authors
(clearly mentioned in the text and figure captions).
On the other hand, similar analyses of macro- and
microfauna related to Neogene deposits are largely
the result of the work of the author's team.

In-depth interpretations come from thirty bore-
holes, between 30 m and 3,203.5 m. Of these,
twenty-six boreholes are from Serbia, and two
boreholes each from the border areas of Romania
and Bulgaria. Deep boreholes are sparsely cored,
but have continuous 5-meter "sieve“ samples, with
the depths of their upper intervals recorded on
the tables or in the text. For discretionary reasons,
the coordinates of the boreholes are not given.
Their approximate locations are indicated on the
corresponding maps in the text. Important bore-
holes with the Paleozoic, Mesozoic and Cenozoic
paleontological findings, as well as other specific
data from the Carpathian foothills and the Moesian
Platform, are presented in tables and illustrated in
the figures.

The intervals with established (sensu stricto)
paleontological elements were vertically extended
in both directions according to the petrological
composition on the registered electronic records of
well log diagrams. Stratigraphic delimitation by well
logging is an original work by the first author.
Extended intervals of stratigraphic delimitations
are correlatively connected and written on the figu-
res and tables. The well log measurements included
all deep boreholes in the Kladovo foothill area
and the Negotin platform area, and (for technical
reasons) from the bottom of the "introductory
column" continuously to the bottom of each bore-
hole. The subsurface models and depth relations
defined in this way were supplemented with a
new data from the Borska Slatina and Zajecar bore-
holes, as well as from the terrain surface. All of this
is documented with appropriate figures, photo-
graphs and tables. The boreholes of the Zajecar
Neogene trough and the Borska Slatina intramoun-
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tain trough have not logged, but more often to conti-
nuously cored. The cored samples were grouped
by genetically determined facies using the petrologi-
cal-sedimentological method. From the top of the
package of coal-bearing rocks of swamp facies, the
age of zircons grain of 16.9 Ma from the tuff layer
was taken from the literature (Karpatian Stage of
the Lower Miocene).

Among the geophysical disciplines, apart from
the already mentioned well log measurements,
gravimetric and reflective-seismic methods were
used. Geomagnetic methods, outside the orogenic
area, of uniformly low intensity, were consulted for
information purposes only. The cartography of gra-
vimetric method covered the entire study area.
Networks of analog seismic surveys were repro-
duced in depth in the area of Kladovo and the Nego-
tin platform segment, while the area between Ne-
gotin and Zajecar was networked using the CDP
method of digital reproduction.

On the basis of integrated surface and subsurface
data applying the above-mentinoned methods, for
the first time, the map of configurations of the base
of Neogene of the Kladovo - Negotin area, extended
with the Zajecar and Borska Slatina troughes, as
well as a map of the sub-Mesozoic discordance i.e.
Paleozoic/Mesozoic boundary in the Negotin - Zajecar
area were compiled.

Stratigraphic settings
Paleozoic

Paleozoic rocks were confirmed by boreholes
only in the area of the Moesian Platform. The oldest
stratigraphic member in the Bu-1 borehole (Bukov-
Ce, east of Negotin) is Ordovician (Fig. 2). In addition
to polimictic quartz sandstones, there are a lot of
arkose-subarkose clastites and laminated siltstones,
which at a depth of 1,971-1,979 m contain tissues
of primitive plankton and Laminatites algae of a
wider stratigraphic range (PANTIC & SECER0V, 1975).
Silurian predominantly fine-grained dark clastites
and pelites of the interval 1,597-1,604 m are charac-
terized by well-preserved acritarch plankton (PANTIC
& SECEROV,1975). Dark gray biomicrites interlaye-
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red with fine-grained clastites, in the core 1,318-
1,325 m, contain small brachiopods and mollusks
(det. by D. UroSevic¢). Devonian assigment of dark
gray to black siltstones and laminites of the core
1,192-1,198 m, were based mainly by triletes spores
(PaNTIC & SECEROV, 1975 - see Fig. 2). In this work,
the Devonian is vertically extended by logging
to the unconformable the Upper Jurassic cover,
down to 1,070 m. The upper limit of the more com-
plete Devonian of the 55 Chilia 7 borehole is de-
termined at a depth of 1,714 m (BANciLA, 1967),
below the undivided Upper Jurassic-Lower Creta-
ceous cover (Fig. 3).

Mesozoic

In the Prahovo-1 borehole (NaFTAGAS, 1959), in
the "sieved" sample at 1,580 m, and in the core at
1,403.3 m, bryozoan and brachiopod marly sand-
stones with Rynchonella sp. and fragments of
bivalves were recorded (Fig. 4). From the sand-
stone-limestone deposits at 1,352.5-1,355.9 m,
the Middle , Liassic” brachiopods were determined:
Spiriferina verucosa, S. deslongchampsi, Konincina
sp., fragments of crinoids and mollusks (Veselinovi¢
D., In: Bo3KoV-STAJNER & MARINOVIC, 1971). Itis discor-
dantly overlain by limestones of synsedimentery
conglo-breccia structure with algae Clypeina
jurassica, Pianella sp., larger foraminifers Coskino-
linopsis sp., hydrozoans and bivalves detritus
(Canovi¢, 1974) which are delimited in depth from
1,235-1,319 m by well logging (Fig. 4).

Comparable limestones are found in the Bu-1
borehole, which are delimited by the logging from
928 to 1,070 m (Fig. 2). The interval 920-927 m
contains gymnosperm pollen in the Upper Jurassic-
Lower Cretaceous range: benetites ginkgoacea and
brachyphyllum (det. by S. Panti¢). The sediments at
a depth of 750-759 m with algae such as Bacinella
irregularis, Salginporella jonsoni, Cayeuxia anae,
Actinoporella sp., foraminifera, mollusk detritus,
urchins, etc. confirmed the Lower Cretaceous age.
From the core 406-415 m, similar algae and small
foraminifera of the late Lower Cretaceous were
determined (CaNovic, 1974). From the cored inter-
vals of 310-319 m, marly, basinal sediments of the
early Cretaceous contain an microassociation with
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Globotruncana linneana d'Orb.

Hedbergella infracretacea Glaessner

Hedbergella trocoidea Gandolfi

Rotalipora appeninica Renz.

-//- cushmani Moorow.

Planomalina buxtrofi Gandolfi,

295 /| Lenticulina sp., Dentalina sp.,

w< TURON. Spirilina sp., Streusiolina sp.,

ENOM. Calcisphaerula innopinata Bonet.

) a0 heterohellicida, radiolaria, etc.

M 406-415 Cuneolina camposauri Sart. et Cresc.
-/l-  cf. tenius Veli¢ et Gusié

Thaumatoporella parvovesiculifera Rain.
Salpingoporella anulata Carosi
small miliolides, verneides and textularia

750-759 Bacinella irregularis Radoici¢

Cayeuxia anae Dragast.

Salpingoporella johnsoni Dragast.

Actinoporella sp.

miliolides,verneides, textularia,

ophtalmides, echinid detritus, etc.

310-319

NEOGENE
(279.5)

500

LOWER CRETACEOUS
(530)

920927 Bennettites, Ginkgo, Brachyphiflum

b 1192-1198 Leiotriletes cf. I‘O'tL‘.'nt;fUS Naum.
-/l-  cf. trivialis Naum.,
Retuzotriletes simplex Naum.
Stenozonotriletes extensus Naum.
Lophozonotriletes cf. excisus Naum.
Archaeotriletes aff. cyrcumsaeptus Tachib.
Acantotriletes sp., Baltisphaeridium sp.
Chitinozoa gen. et. sp.indeterm.
1318—-1325 Atripa reticularis Eifel
Atripina sp., Orthis sp., Rinhospirina sp.,
Cardiola sp., Plectodonta sp., Clorinda sp.
1597-1604 Baltisphaeridium lucidum Dow. et Sarj.
7 -/l- malum Cramer
-/l- remusculosum St. et Will.
-fl- cf. denticulatum St. et Will.
= -/f- dilatispinosum Dav.
Acanthodiacrodium cf. tasselii Mart.
Veryhacium mucronatum St. et Will.
-If- europaeum St. et Will.
-fl- downiei St. et Will.
4 (W - -//- limaciforme St. et. Will.
-1f- cf. trispinosus Eissen.
Domasia elongata Downie
- Deunffia nonocanta Downie
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Fig. 2. The Negotin area. Borehole Bu-1 (Bukovce). Findings of fossils in the Pre-Neogene formations. Paleontological determinations
by M. Canovié, D. Urosevié, N. Panti¢, and P. Secerov. Stratigraphic delimitation according to well logging by PM.
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Fig. 3. A schematic depth-stratigraphic correlation between Bukovce-Chilia.

Globotruncana linneiana, Hedbergella infracretacea,
H. trocoidea, Rotalipora appenninica, R. cushmani,
etc. (CANovIG, 1974). The total uneroded interval in
the Neogene basement of the Bu-1 well is delimited
from the Badenian base at 295 m to the logging de-
termined cover of the Lower Cretaceous, at a depth
of 390 m (Fig. 2).

In the belt of crowded tectonization of the Carpa-
thian foothills the Cenomanian-Turonian and "Seno-
nian" segments of the Upper Cretaceous flysch deve-
lopment are distinguished (Tabs. 1, 4). The Cenoma-
nian-Turonian segment in the Vajuga-1 borehole
was determined (here in the upper intervals) in cores
2,021 and 2,085 m, and in the core of the Vrbica-1
borehole from a depth of 2,497 m with small Inocera-
mus bivalves. Numerous microfauna (e.g. Praeg-
lobotruncana delrioensis, Praeglobotruncana sp.,

88

°  nata, Hedbergella trico-

idea, etc.) was determi-
330 ned (Tab. 4). The ,Seno-
nian“ segment in the Vu-1
608 - g well was cored at depths
680 | of 1,735; 1,800; 1,901,
and 2,021 m; in borehole
Vb-2 at depths 1,915;
1,958; 2,044; 2,117, and
2,190 m and in bo-rehole
Vb-1 at depths 2,171;
2,273, and 2,430 m. In
those samples, foraminif-
1714 ers such as Globotrunca-
1840 na lapparenti lapparenti,
G. linneiana, G. cf. appen-
ninica, G. cf. fornicata,
Marsonella oxigena, Ver-
neulina bronni, Glan-doyi-
na bavariana, etc. were
recorded (det. by M. Cano-
vi¢ - Tab. 4). The total, by
logging delimited "Seno-
L 3010 - 3000 nian" has the greatest
2 thickness in the area of
the Vb-1 well, at a depth
0f 1,990-2,450 m (460 m)
(Fig. 5).

In addition to clastic-carbonate deposits, the
Upper Cretaceous magmatic-volcanogenic rocks of
so-called the Timok magmatic complex in the area
of the Borska Slatina intra-mountain trough and the
ZajecCar trough was also noted (Fig. 6).

As a rule, the well-known Upper Cretaceous
Timok andesites with Cu-Au mineralization are
found in the deepest part of that complex (e.g. 534-
1,680 m, abbr.name 1; 432 -798 m, abbr.name 6,
and 591- 600 m, abbr.name 8 - see Tab. 2). Variously
altered andesitic epiclastites (Metovnica Fm.) occur
above different varieties of andesite (RunpIC et al.,
2015; BANJESEVIC et al,, 2019). Fine-grained sand-
stones, marls and siltstones of the Upper Cretaceous
Ostrelj Formation are often deposited over them.
Stratigraphically, the youngest part of the pre-
Neogene rocks is represented by the so-called the
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Pr-1
0 without sampling Quaternary -~
37 37 Aan.
Dreissena sp. 118,5
) anisoconcha Andrus. 216,8; 314,5
I cf. imestiensis Fontan. 216,8
Pontalmyra otiophora Brus. 216,8; 314,5; ;
Paradacna cf. abichi Hom. 216,8 Pontian (353 m)
Carinatocongeria digitifera Andrus. 314,5
Lymnaea sp., Zagrabica sp., Gyraulus sp. 314,5 556
390 ostracods (indet.) 420,8 Maeotiag1(5225 m)
miliolids and ammoniae 640,5
500 Mactra cf. eichwaldi Lask. 852,8 Sarmatian (292 m)
Cerastoderma obsoletum Eichw., C. cf. obsoletiformis Koles. 852,8
Buccinum sp., Pirenella sp., Rissoa sp. 852,8
615 907 —
§70 Spiroplectamina carinata d'Orb., Asterigerina gurchi Fr. 9748
Cibicides lobatulus Wet., C. dutemplei d'Orb. 974,8
Nonion soldanii d'Orb., N. commune (d.Orb.) 974,8 Badenian (144 m)
780 Textularia deperdita d'Orb., Elphidium crispum Linne 974,8
Sphaeroidina bulloides d'Orb., Uvigerina pygmea d'Orb. 974,9; 1048
Pullenia buloides (d'Orb.), Epistomina elegans d'Orb 1048
i Glandulina laevigata d'Orb., Globigerina bulloides d'Orb. 1048
1051 v
1000 Without fossils 1089, 1150 heterogenous clastites Cretaceous (184 m)
051 1235 v
1235 (Sieve): Tera rossa, excerpts of dolomite
1243,7 cavernous dolomite-dolomitic limestone, according to well log 73,5 m thick
1317,2-1319 carbonate conglo-breccias; in carbonate fragments: Upper Jurassic
Clypeina jurassica Fav., Pianella sp., Megaforaminifera: (?Tithonian)
123 Coskinolinopsis sp., hydrozoas and mollusc detritus (84 m)
1319 A
319 1319-1320,9 detritus of sandstones, clays, and coal
1352,5 hard sandstones and limestones with Spiriferina verucosa Schl.
1395 S. deslongchampsi Dav., Konincina sp., fragments of crinoids Lower Jurassic
and malluscs (Middle “Liassic”)
1403,3 marly clays and sandstones with Rhynchonella sp., (266 m)
1500 Bryozoans and molluscs fragments
1472,5 and 1548,4 marly-clay sandstones with molluscs fragments
1585 1580 (Sieve) Belemnites sp., Spiriferina sp.
585 —
1627,5 1626,9 very hard, fine-grained Q-sandstones ? Lower “Liassic”
(>42,5m)
1627,5m

Cenozoic

The presence of Ceno-
zoic sedimentary rocks has
been confirmed in the
mentioned exploration bo-
reholes, as well as in nu-
merous surface outcrops
and profiles.

Pre-Badenian
(Uppermost Oligocene? -
Lower Miocene)

At Kladovo, with this
reference, the sediments of
colluvial-torrent genesis,
with no fossils found in
boreholes Vu-1, Vb-1 and
Vb-2, were singled out as
the pre-Badenian (Upper-
most Paleogene - Lower Mio-
cene). These clastites sour-
ced from the Carpathian
barrier overlie the flysch
of the Upper Cretaceous

(Fig. 5, Tab. 3).
The Lower Miocene of

Fig. 4. The Negotin area, borehole Pr-1 (Prahovo). Extracts of fossil findings. The depths of the

upper core interval. The base of Neogene with lithological features. Paleontological determinations:
P, Jankovic, V. Markovié, M. Canovic and D. Veselinovié. Stratigraphic delimitations according to the

well logging by DM.

Bor clastites (rolls and fragments of limestone, marl,
andesite, etc.) which is considered to belong to the
uppermost Paleogene, in addition to the Upper
Cretaceous (Fig. 6, Tab. 2). In the ZajeCar trough,
apart from the mentioned carbonate-clastic rocks
and andesites and their altered varieties, in the
boreholes N-1 (? 630-690 m) and R-1 (585-635 m),
the lower Cretaceous deposits represented by
Valanginian limestones and/ or Albian glauconitic
sandstones (RunpI¢ et al., 2019).

Except in the boreholes, the basement rocks can
be seen and on the surface, that is shown on the
corresponding maps of the depth configuration
(Figs. 11-13 - given in the chapter Structural-
Tectonic and Paleogeographic Interpretation).

Geol. an. Balk. poluos., 2025, 86 (1), 81-119

lacustrine character was dis-
covered near Brza Palanka
(StEvANOVIC, 1964, 1977). In
the streams of Seliste and
Prlitur, a clastites series (sands, gravels) with inter-
layers of clay and a thin layer of coal appears under
the Badenian clays with Nucula nucleus (Linne). The
abandoned lacustrine pre-Badenian coal mine is in
the isolated Aliksar hollow.

In the area of Zajecar, in the Zvezdan and Lubnica
mines, the lacustrine series, in the base of marine
Lower Badenian consists of clay, marly clay, marl
and sandstone with coal, in which freshwater taxa
such as Planorbis, Hydrobia, Prososthenia, Pisidium,
Unio, etc. have been found (VEeseLINOVIG-CICULIC &
SIK03EK, 1957).

In the area of Zajecar (Tab. 2), Lower Miocene
sediments were determined in the following bo-
reholes near Kraljevica, in boreholes abbreviated
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Table 1. The Kladovo area. Lithology of the base of Neogene with tectonic elements.

Borehole,
and depth
interval (m)

Lithology of the sample

Vh-1
2013.3-2016.7
2088, 7-2092.0
2171,6-2175.3
2273,3-2279.0
2347.0-2343.0

2420,0-2423 3

2457 0-2457.7

Vh-2
1915.9-1915.4
1958,5-1963.9
2044,3-2050,3
2088,7-2092,0
2117,3-2122.0

219002190
Yu-1
1679, 7-1682.3
1682,6-1684.6
1735,3-1737.2
1800,5-1805,2
1901,3-1903,9
2021,8-2024.3

2086,6-2088, ]

Rit-1
1863,0-1868,8
1919, 8-1923,0
1968,0-1973.4

Kor-1
1632, 3-1636.3

1707.0-1713.,0

Flysch of the South Carpathian Foredeep (Upper

Cretaceous)

Giray marly siltstone, fine-grained sandstone

Giray siltstone marl, marly sandstone

Gray-black-dark gray laminated clayey-sandy siltstone
Dark pray laminated claystone, marly siltstong

Dark preyvish-brown laminated siltistone. Claystone,
gray fine-grained sandstone

Brownish-red sandy crushed claystone (7 mylonite)

Gray-red marl imterlavered with fine-grained sandstone
and marly limestone: small feocerams shells

Layered gray marly sandstone, silistone, claystone.
The same composition

Laminated fine-grained pelites and claystone,

The same composition

Gray fine-grained clayey-marly sandstone interlavered
with claystone.

Limestone to carbonate sandstone with reddish-brown
claystone and gray siltstone interbeds

Gray marly siltstone and sandy mar

The same composition

Darkish siltstone and fine-grained marly sandstone
Giray argillaceous siltstone with transitions to reddish
clay and marly sandstone

Gray to reddish marly siltstone and marly limestone

Greyish-brown cracked limestone with brown-reddish
clay

Gireyish-brown hard sandstone with transitions to marly
limestone

2058.0-2042.5

The platform
(Upper Jwrassic - Lower Cretaceons)

Whitish cavernous limestone
Fragment of whitish limestone
Whitish cracked limestone
Saccharoidal dolomitic limestone

Whitish eryptocryvstalline limestone with microfauna
(heterochelicids, textlariids, spicules)

Whitish dolomitic limestone with shell fragments
{indeterm. )

coaly clays of alluvial-
lacustrine and swampy

Dip angle (%) character prevail. Rare
and Harnisch shells and snails were
(h} found among the macro-
fauna: Gyraulus sp., Pla-
norbarius sp., Planorbis
80 ih) | sp,, Prososthenia sp., Fossa-
gﬁ_tm @y | rulus sp, and from the
ostracod fauna the genera
ég'm {I"” Candona sp., Fabaeformis-
Undefined candona sp., Ilyocypris sp.,
?Dinarocythere sp., Can-
L] donopsis sp., ?Cypria sp.
The bedrock distribu-
5 g tion of the mentioned clas-
;5'9“ th} 1 tites is shown on Table 2.
o 0 Radiometric dating of
&l (h) zircon grains from tuff
o ) interlayers of the coal
series (sample from bore-
hole index N-2, depth 34
Bl
o m), was found the age of
2] 16.9 Ma, which corre-
sponds to the Lower Mio-
10-40 T . .
10 - cene, i.e. the Carpatian
stage (RunpiC et al. 2019).
0 (h)
45 Middle Miocene
Middle Miocene sedi-
mentary successions are
;““"Fm"“d - divided into Badenian,
o a primarily marine genesis,
Massive and Sarmatian, brackish
= & one. On the surface of the
studied area and in bo-
Undefined reholes, these rocks are

the most widespread Mio-
cene units.

index R-1 (atadepth of 320 - 585 m), R - 2A (395 -
530 m) and R - 3 (from 7100 - 188 m) (VasiC et al.
2018, RunpIC et al. 2019) and near Zvezdan in bo-
rehole N-2 (0-165 m) (Vasic et al.,, 2018, RUNDIC et
al. 2019). In these depth intervals, sandy-pebble clas-
tites, limestones and marls with coal occurrences and
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Badenian Stage

The Badenian sediments on the surface are
mainly distributed along the western, southwestern
and southern rim of the Dacian basin in steep bays,
sections and stream banks that appear from Sip and
Davidovac in the Danube meander (STEvANoOVIC, 1958),

Geol. an. Balk. poluos., 2025, 86 (1), 81-119
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Fig. 5. The Kladovo area. Stratigraphic delimitations according to the well logging, additionally

Quaternary cover; in the Neogene basement with dip angles.

via Urovica, Jabukovac, Stubik, Sala$, Braéevac,
Koprivnica, Rgotina, Nikoli¢evo and Veliki Izvor to
Vratarnica in the south. Badenian is widely dis-
tributed in the southern part of the studied area,
while in the northern parts is discovered in the form

Geol. an. Balk. poluos., 2025, 86 (1), 81-119

strine deposits.

of smaller oases. In the
middle area, they trans-
gressively include "zones
of exhumed paleo-relief"
(STEVANOVIC, 1964).

The oldest Lower Bade-
nian rocks were found in
the Stubik trough, in the
centre of the village of
Malajnica. According to
the mentioned referen-
ces, they correspond to the
lowest part of the Lage-
nidae zone. The blue, "fat"
clays, contain the forami-
nifers such as Dentalina
adolphina, D. semicostata,
Nodosaria radicula, N.
rudis, Uvigerina macro-
carinata, U. auberina,
Nonion pompiloides, Cibi-
cides badenensis, Siphono-
dosaria adolphina, S. ver-
neuili, Textularia maye-
riana, Pyrgo bulloides,
Elphidium flexuosum, etc.
The upper level of the
Lower Badenian is repre-
sented by the Orbulina
suturalis and Globige-
rinoides trilobus zones
(PETROVIC, 1967, 1969).

In the Zajecar area, in
borehole B-25 of 8-24 m,
marly sandstones and
sandy clays have mollusks
Loripes dentatus, Venus
multilamella, Anadara di-
luvii and foraminifers of
the lower Lagenidae zone
Robulus rotulatus, R. cal-
car, Nonion pompiloides,

etc. (Popovic & GaGIG, 1969). The mentioned clastites
lie transgressively over the Lower Miocene lacu-

In Samarinovac, a borehole with the abbreviated
index S-1 (Fig. 11) revealed sandy-clays and sand-
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lina, O. lamellosa, Spondy-

lus sp.; gastropods: Conus
dujardini, Nassa notterbe-
) cki, Clavatula laevigata, Tur-
ritella erronea, Terebralia
bidentata lignitarum, etc.
Among the microfauna, the
most abundant foraminife-
| raspecies are Ammonia bec-
@ carii, A. viennensis, Aste-
g rigerinata planorbis, Mar-
tinottiella communis, Bo-
livina digitalis, Cibicides

Fig. 6. Different pre-Neogene basement rocks in some of the Borska Slatina boreholes; a) The Upper boueanus, Amphistegina

Cretaceous tectonized marls (abbr.name 2; 284-288 m), b) Andesitic epiclastites (abbr.name 7; 398-
403 m), ¢) Andesites (abbr.name 5; 592-595 m), and d) Bor clastites (abbr.name 5; 235-236 m).

stones in the interval 325-350 m. The foraminiferal
association is represented by the species: Orbulina
suturalis, O. bilobata, Praeorbulina glomerosa, Glo-
bigerina bulloides, G. quinqueloba, Quinqueloculina
akneriana, Q. consobrina, etc. Based on the identified
microfauna of foraminifera and ostracods Henry-
howella asperrima, Cytheridea hungarica, Hetero-
cythereis mehesi, Pokornyella deformis, etc. as well
as remnants of macrofauna, these clastites cor-
respond to the upper level of the Lower Badenian.

Besides, in a few localities the Upper Badenian
has been proven. In the deep stream of Trnjane,
gray-green clays were discovered at the bottom of
the profile, and sands and gravels with macrofauna
above: Glycimeris pilosus, Venus multilamella, Car-
dita partschi, Spondyllus crassicosta, Corbula cari-
nata, Murex hoernesi, Ancilla glandiformis, Volutha
rarispina, etc. These mollusks are age correlative
with the microfaunistic association of foraminifera
that corresponds to the Bulimina-Bolivina zone
(det. V. Markovi¢): Asterigerina planorbis, Quinquelo-
culina hauerina, Q. seminulum, Bolivina punctata,
etc. (STEvANOvIC, 1981).

In the village of Veliki Izvor, the outcrops built of
weakly bound conglomerates, sandy conglomerates
and siltstones with coral nests have been found
(Ganic, 2019). By our new research, among macro-
fauna, a few corals species were identified: Heli-
astrea defrancei, H. reussiana, Favites sp. Favia sp.
Stilopora sp. (Fig. 7); scaphopods: Dentalium bade-nen-
sis; bivalves: Pecten aduncus, P. besseri, Ostrea digita-
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hauerina, Dentalina bouea-
na, Nonion commune, etc.

Within the Borska Slatina intramountain trough,
the most instructive sections in the Dosluj and
Kusak streams were found (Popovi¢, 1968). The
various clastites contain mollusks such as Divari-
cella (Lucinella) ornata, Donax (Paradonax) inter-
media, Anadara diluvii, Ostrea digitalina, Pirenella
picta mitralis, P. picta bicostata, Conus (Conolithus)
dujardini, etc. The new collected microfaunistic as-
semblages with dominance of Ammonia beccarii,
Cibicides dutemplei, Rotalia viennensis, Elphidium
crispum, Borelis melo, etc. corresponds to the Ammo-
nia beccarii Zone.

Transitional Badenian/Sarmatian sedimentary
succession was found above 87,1 m, and it overlie
the freshwater lacustrine series of the "Zvezdan"
coal mine. It contains mollusks such as Lucina
ornata, L. dentata, Arca diluvii, Chama gryphoides,
Terebra transilvanica, Pectunculus, sp., Cerastoder-
ma ex gr. vindobonense, Pirenella picta, P. disjuncta,
Cerithium rubiginosum, Buccinum shoni and others.

Badenian sediments were also determined in the
boreholes: near Borska Slatina (abbr. indexes 3, 9,
10) (RunpiC et al., 2015), then in the Zajecar trough
at Kraljevica in boreholes (abbr. indexes R-1, R-2A,
R-3) and, near Zvezdan (abbr. indexes N-1), which
are transgressive over the freshwater series (Vasic
etal,, 2018, Runpic et al.,, 2019 - Tab. 2). Herein, the
determined mollusks and foraminifers in a clastic
series corresponding to the Upper Badenian, i.e. the
Bolivina - Bulimina Zone. By exploratory drilling
around Kladovo, Badenian rocks were isolated in the
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Table 2. The Bor-Zajecar area. Excerpts of borehole data of the base of Neogene.

Abbr. | Original name Depth intervals of the pre-Neogene formations (m), Reference
name of borehole lithology and stratigraphic level
(Fig. 12)
Borska Slatina trough
1 FMTC-1335 23- 345 Bor clastites, Upper Cretaceous-Paleogene Rundic¢ et a. 2015,
345-480 Siltstones & Marls, Upper Cretaceous (Ostrelj Fm.) Banjeievic et al.,
480-534 Andesitic epiclastites, Upper Cretaceous (Metovnica Fm.) | 2019
534-1680 Timok andesite with Cu-Au, Upper Cretaceous
2 FMTC-1210 131-284 Bor clastites, Upper Cretaceous-Paleogene Rundic et al. 2015
284-450 Marls, Upper Cretaceous
3 FMTC-1332 Non-drilled ibid.
4 FMTC-1107 52.5-T8 Bor clastites, Upper Cretaceous-Paleogenes ihid.
78-94 Marls, Upper Cretaceous
5 FMTC-1346 178-447 Bor clastites, Cretaceous-Paleogene ibid.
447-592 Marls, Upper Cretaceous
592-600 Andesites, Upper Cretaceous
[ FMTC- 1213 269-416 Marls and siltstones, Upper Cretaceous (O3trel) Fm.) Rundic et al. 2015,
416-432 Andesitic epiclastites, Upper Cretaceous (Metovnica Fm.) | Banjesevic et al.,
432-T98 Timok andesites with Cu-Au, Upper Cretaceous 2019
T FMTC- 1216 215-337 Marls, Upper Cretaceous Rundic et al. 2015
337-403 Andesites and its clastites Upper Cretaceous
8 FMTC-1339 316-442 Bor clastites, Upper Cretaceous-Paleogene ibid.
442-591 Siltstones & Marls, Upper Cretaceous (O3strel] Fm.)
591-600 Andesites, Upper Cretaceous
9 FMTC-1331 360-368 Bor clastites, Upper Cretaceous-Paleogene ibid.
10 FMTC-1108 437-525 Bor clastites, Upper Cretaceous-Paleogene ibid.
525-560 Marls, Upper Cretaceous (Ostrel) Fm. )
560-562 Andesites and its clastites, Upper Cretaceous
Lajecar trough
N-Z2 NRKR-17002 165-900 Upper Cretaceous-Paleogene Metovnica Fm. Wasic et al., 2018,
Rundic et al.. 2019
R-3 RTK-1503 188-9307 Upper Cretaceous-Paleogene Metovnica Fm. ibid.
R-2ZA RTK-1502A 530-560 Andesite clastites, Upper Cretaceous-Paleogene ibid.
Metovnica Fm
R-1 RTE-1a01 585-635 Limestones, Lower Cretaceous (Valanpinian) ihid.
N-1 NEKR-17001 128-585 Upper Cretaceous-Paleogene Metovnica Frn. ibid.
?585-7630 Fine-grained clastites, Upper Cretaceous (Cenomanian)
630-7690 Glauconitic sandstones, Lower Cretaceous (Albian)
Avramica hollow (informative)
B-25 136-454 Lower Cretaceous, 454-713 Upper Jurassic, T13-1023 Geological Survey
Middle Jurassic, 1023-1025 Lower Jurassic Found
B-26 0-468 Lower Cretaceous, 468-544 Upper Jurassic. 544-689 Middle | ibid.
Jurassic, 689-799 Lower Jurassic, 799-8157 Paleozoic

Vajuga, Vu-1 (1,332-1,453 m), Vrbica, Vb-2 (1,507-
1,675 m), Vb-1 (1,520- 1,774 m) and Rtkovo, Rt-1
(1,673-1,864 m) (Tab. 3).

In the area of Negotin, according to the fossil
content, Badenian was proved in the borehole Pr-1
(Prahovo), correlatively separated (in the interval of
907-1,051 m - Fig. 4), and from the marls of the bo-
rehole Bu-1 (Bukovce) at 268-295 m. [dentified Bade-
nian foraminifera are listed in Table 5. The Badenian
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transgression proceeded unevenly. A large facies
diversity has been seen as result of littoral depo-
sition, with a scattered coastline and changing
seabed. The occurrence of corals stands for specify
in relation to the southern Pannonian basin in
Serbia, where algal ridges dominate.

Sarmatian Stage

The Sarmatian around Kladovo, Negotin and
Zajecar is the most widespread stratigraphic unit
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Table 3. The Kladovo area. Depths of correlative stratigraphic delimitations with thicknesses of in- them, the rhizoidhydro-

scribed members.

byians sands (STEVANOVIC,

Borehole Vu-1 Vb-2 Vb-1 Rt-1 Kor-1 1964).
(Quaternary)  (20) (28) (30) (19) (28) On the southwestern
— arpt 20 28 30 19 28 — &
: slopes of BordeSica, NE
(Pontian) (259) (352) (363) (461) (442) b
— Pumt 279 380 393 480 470 — of Jabukovac, from the
L MUSm; 528 625 657 816 776 — : : i
(Khersonian)  (137) (205) (217) (231) (195) 8 podolica, Pirenella nym
| Smy/Sm, 665 830 874 1047 973 — & |pha, Psammobia labordei,
(Bessarabian) (425) (435) (366) (348) (337) 3 Modiola sarmatica were
— Sma/Smy 1090 1265 1240 1395 1310 —
(Volhynian) (242) (242) (280) 278) (150) found. Above, marly clays
— Smy/Bd 1332 1507 1520 1673 1460 —— with Abra reflexa, Ervilia
(Badenian) (121) (168) (254) (191) (169) pOdOliCCI, Cardium vindo-
| Bd/Pg?-M;—— 1453 1675 1774 1864 1629 .
(pre-Badenian)  (214) (225) (216) ) 0) bonense, Mohrensternia
3
— K 1567 12 1990 @ 0 £ | ca helicina and others are
"Senonian” 341 296 460 0 0 N ..
( el el (2 a9 H © 2 |found. The foraminiferal
1-2
Ko 2008 BZIR5 4450 @ @ 2 | association (determ. by M.
Cen/Tur 131 >47.7 0 0 £ o
(Feniiy; i) P (>47.7) @ © 2 | Petrovi¢) is represented
— Ja-K4 0] 0] 0] 1864 1629 — 9 )
(>272.3)  (>116) 5 | by large forms of Elphi-
: E _
Thebbof;{g;"'es 2139 2196 2497.7 2136.3 1745 dium macellum, then EI
advenum, Nonion grano-
Sub-basinal tectonized Fore-Carpathians Sub-basinal platform i i 9 o
sus, Quinqueloculina haidin-

discovered on surface. The marine-brackish deposits
are made of sandy clays, gravels, sands, siltstones,
and carbonates of various genesis. The Volhynian,
Bessarabian and Khersonian substages were singled
out. They lie continuously over the marine Badenian
or are transgressive over the pre-Neogene paleo-
relief.

In the area of Kladovo, they proved between Sip,
Kladus$nica and Podvrska, then in Brza Palanka, and
the surrounding area such as the Suvaja stream and
the Recka river (STevanovi¢, 1977, 1981, 1985).

In the area of Negotin, the Sarmatian is spread
over surface of the terrain from Urovica in the north
to Sipikovo in the south. Several localities with basic
lithological and paleontological characteristics will
be presented here, as well as data on Sarmatian in
boreholes.

A. Volhynian substage

In the Stubik trough, the transitional level be-
tween Badenian and Sarmatian, known as "the Bug-
lovian layers" (LASKAREV, 1934, 1950) is discovered.
In the Skocka river, west of Jabukovac, sandy clays
with Pirenella nympha, Nassa eichwaldi are found
over the Badenian clays and sands, and above
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geri, etc., from the Large elphidiums Zone (STEvA-
Novi¢, 1964).

In the valley of Jagnjilski stream, gray-blue clays,
and sands, contain Quinqueloculina reussi, Q. akne-
riana, Q. akneriana var. akneriana, Elphidium cris-
pum, El. macellum, El. fichtelianum, El. reginum, Arti-
culina sarmatica, Cyteridea hungarica, etc. which
correspond to the Quinqueloculina reussi Zone.

South of Bracevac, near the confluence of the Beo-
ka and Selski streams, from siltstone and gravelly
sand the following mollusks were collected: Mactra
(Sarmatimactra) eichwaldi, Mactra (Sarmatimac-
tra) vitaliana, Cerastoderma obsoletum vindobonen-
se, C. cf. inflata, C. plicatum latisulcum, Irus gregarius
dissitus, 1. gregarius gregarius, Ervilia dissita dissita,
E. dissita andrussovi and others. Microfauna forami-
nifera were also found: Elphidium macellum, El. regi-
num, El. aculeatum, Porosononion subgranosum, P.
bogdanowiczi, Ammonia beccarii, Sarmatiella molda-
wiensis, and others (Gani¢, 2005). Here, because of
increased freshening of marine water, abundant
finding of Porosononion granosum suggest to P. gra-
nosum Zone, which is the lateral equivalent of the
Quinqueloculina reussi Zone.

Geol. an. Balk. poluos., 2025, 86 (1), 81-119
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Fig. 7. Various corals from the Veliki Izvor outcrops. Scale bar -
Icm.

In the Borska Slatina trough, data on the finding
of Sarmatian sediments from boreholes abbreviated
indexes 2, 3,4,5,7,8,9,and 10 (Fig. 8). In the Zajecar
trough in boreholes N-1, R-1, R-2A and R-3, Sarma-
tian sediments above a depth of 230 m contain
mollusks: Granulolabium bicinctum, Acteocina lajon-
keriana, Mohrensternia cf. pseudoangulata, Ervilia
cf. dissitta, Irus cf. gregarius, which confirm the
Volhynian substage i.e., the rhizoid-hydrobyans
layers (similar conclusion was given by Vasi¢ et al,,
2018; Rundic¢ et al., 2019).

B. Bessarabian substage

By this reference, the base of the Bessarabian
substage in the Kladovo area is determined by the
lower limit of the lagoonal sandy-marly interval
with cryptomactras (Cryptomactra pesanseris -
Fig. 5, Tab. 4), which illustrates in depth the inter-
ruption of communication between the Dacian and
Pannonian basins.

Near Mihajlovac, on the right bank of the Arau
Jankuli stream near the confluence with OgaSa
stream, conglomerates, gravels, and fine-grained
sands were discovered. Based on mollusk fauna
such as Sarmatigibbula (Barbotella) hoernesi (Fig. 9),
Mactra fabreana, Cerastoderma desperatum, Paphia
crenulata and Solen subfragilis, foraminifers and
ostracodes as Elphidium macellum, EI. macellum
aculeatum, El. rugosum, Porosononium subgrano-
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sum, P. martkobi, Quinqueloculina consobrina, Euxi-
nocythere multicristata, Loxoconcha quadrituber-
culata and others the middle Sarmatian - Bessara-
bian substage is documented. The similar obser-
vation regarding the Bessarabian was defined by
STEVANOVIC (1981).

At Cubra, in the carbonate-sandstone facies, the
numerous foraminifers were determined: Spiroli-
na pseudosteligera, S. subgrandis, Articulina pro-
blema, Nonion cf. bogdanowiczi, Quinqueloculina cf.
fasset, etc. and some ostracods as well. The associa-
tion belongs to the Spirulina pseudosteligera Zone
which matches to the upper part of the Middle Sar-
matian (DZopZo-Tomi¢, 1970). To the west of Bucum,
foraminifer's species Spirolina subgrandis, Penerop-
lis sp., Triloculina acrainica var. sarmatica, Trilo-
culina cf. cubanica, Elphidium sp., Rotalia sp. were
extracted from sandy limestones. Oolitic lumpy
limestones, discovered west of Kornjet, with iden-
tified foraminifera Peneroplis cf. orbicularis, Rota-
lia sp., Elphidium sp., Eponides sp. and Discorbis sp.
also correspond to the Middle Sarmatian (DZobpZo-
Towmic, 1970).

At the Kovilovo locality, a mollusk fauna of the
Sarmatian age was collected from the sands,
siltstones and oolitic limestones (Irus naviculatus,
I. vitalianus mediosarmatica, Irus sp., Cerastoder-
ma sp., Mactra naviculata, Gibbula homairei homai-
rei, G. podolica issperata, Calliostoma carasiense,
Trochus sulcatopodolicus, etc.). Among microfauna,
the following foraminifera and ostracods were
found: Porosononion subgranosum, Elphidium regi-
num, EL. macellum, El. hauerinum, EL. fichtelianum,
El crispum, Heterocythereis mehesi, etc.

At Rajac, transgressively over the Cretaceous
flysch deposits, the sands, siltstones and limestones
with following macro- and microfauna have been
determined: Mactra cf. tapesoides, M. cf. vitaliana,
Cerastoderma fittoni, C. cf. michailowi, Modiola in-
crasata, disjuncta disjuncta, Porosononion subgrano-
sum subgranosum, Elphidium aculeatum, El. crispum,
Ammonia beccarii, Quinqueloculina sp., Miocypri-
deis sarmatica, Cyprideis sp., Loxoconcha sp., and
others (Gani¢, 2005).

C. Khersonian substage

The Upper Sarmatian in this area are signifi-

cantly less widespread than the Volhynian and
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Table 4. The Kladovo area. Extract of paleontological findings by depth (m) from the indexed boreholes (depths of the upper core in-
tervals). Paleontological determinations: macrofauna - . Marinovié¢ and P. Jankovié; microfauna - V. Markovié and M. Canovi.

Pontian Dreissena anisoconcha, 46 Vu-1; 91 Vb-2; 80 Rt-1, Carinatocongeria digitifera, 91, 135Vb-2; 227 Rt-1
Panialmyra otiophora, 46 Yu-1; 135 Vb-2; 224Vb-1; 227-Rt-1, Moodacna sp., 80 Rt-1
Paradacna abichi, 80 Rt-1; 135 Vb-2; 224 Vb-1, Limnocardium sp., 91 Vb-2; 110 Kor-1; 135 Vb-2
Pseudocatilius pyewdocatilius, 276 Kor-1, Falenciennius sp., 227 Rt-1, Neritodonta sp., 227, 355 Rit-1
Hyvdrobia sp., 46 Vu-1; 355 Rt-1

Maeotian Cangeria panticapea, 504 Rt-1; 561 Vb-1, C. novorosica, 504 Rt-1, Theodoxus stefanescui, 561, 648 Vh-1
Theodoxus sp.. 504 Rt-1; 509 Vu-1, Avdrobia kelterborni, 304 Rt-1, Hydrobia sp. 504, 707 Rt-1
Pyrgula sp. 504 Rt-1

Sarmatian/Khersonian Ammonia beccarii, 630 (sieve) Vb-2; 876 Kor-1; 917,982, 1035 Rt-1,

miliole (indet.) 858 Vb-1; 917, 982, 1035 Rt-1, Eiphidium sp., 917 Rt-1,
Pavosononion granosum, 1035 Rt-1, Mactra sp. (M. aff. micula), 852,917, 1035 Rt-1; 931, 967 Kor-1,
Cerastoderma sp., 876 Kor-1, Hydrobia sp., 787 Vb-2, Neritodonta sp. 787 Vh-2

Sarmatian/Bessarabian mmonia
miliole (indet.), 903 Vb-2

Ammonia beccarii, 903 Vb-2; 1089 Rt-1; 991, 1062, 1071 Kor-1, A. heidingeri, 903 Vb-2,
; 1202, 1376 Rt-1, Elphidium crispum, 1232 Vb-2,
Elphidium sp., 1016 Kor-1, 1376 Rt-1, Porosononion granosum, 1376 Rt-1,

Mactra sp. (M. aff. fabreana), 903, 953, 1010 Vb-2; 998 Kor-1; 1089 Rt-1,
Ervilia sp. (E. aff. dissita), 1202 Rt-1,
Cryptomactra pesanseris, 1190 Vb-1; 1232 Vb-2

Sannatianf\folhynian Elphidivm aculeatwm, 1377 Vb2, Elphidium sp. 1474 Rt-]
Badenian Cibicides dutemplei, 1589 Vb-2, Gyroidina soldani, 1589 Vb-2, Nonion soldani 1589 Vb-2

Valvulineria complanata, 1589 Yb-2, Elphidinm crispum, 1589 Vb-2, Globigerina triloba, 1589 Vb-2,
G. hulloides, 1589 Vb=2; 1708 Rt-1, . bilobata, 1797 Bi-1, Orbuling universa, 1589 Vb-2, 1797 Rt-1

(?Pg) - M(pre-Badenian)

e

“benmu.:m

e R S e

No fossils {(Rock falls and torrent deposits) 1472, 1545, 1595 Vu-1;
1689, 1700, 1741, 1749, 1848, 1874 Vb-2; 1778, 1801, 1861, 1932, 1974 Vh-1

" Globotruncana a'appar'eur: 1735, ISG[} IQ{]I \fu-l 1958, Ell? "]9[} Vb -2; 2420 Vb-1,
G linnelana, 1800 Vu-1; 1958, 2190 Vb-2, &, cf. appeninica, 1958 Vb-2,

G cf. formicata, 2021 Vu-1, Globotruncana sp., 1915, 2044 Vb-2, 2420 Vb-1,
Marsonella axigona, 1915, 2190 Vb-2, Verneuling bronui, 1915 Vb-2; 1958 Vb-1,
Gandovinag bavariana, 2190 Vb-2, Pseudoclavuling amorpha, 2190 Vh-2,

Epistomina partschiana 2171, 2273 Vb-1, Lenticulina of. crepidulus, 1915 Vb-2, Cristelaria sp. 2171 Vb-1,
Textularia sp. 2273 Vb-1, Cenosphaera sp., Dictiomitra sp., Theocampe sp., Pithonella sp., 1901 Vu-1

e

e e e I

Cenomanian-Turonian

Praeglobotruncana delrioensis, 2085 Vu-1, Praeglobotruncana sp., 2021, 2085 Vu-1, 2497 Vb-1,
Hedbergella iricoidea, 2021, 2085 Vu-1; 2497 Vb-1, H. infracretacea, 2497 Vb-1,

Glohotruncana lapparenti lapparenti, 2021, 2085 Vu-1, G lapparenti tricarinata, 2021 Vu-1,

. lapparenti inflata, 2085 Yu-1, Caleisphaernla inopinata 2497 Vb-1, Ticinella sp., Spirolina sp., 2497 Vh-1

Bessarabian because of epirogenic activities in the
late Sarmatian, which caused additional uplift and
retreat of the sea. The sediments are found on out-
crops in very narrow belts, most often connected to
steep stream valleys, ravines, and road cuts from
Klju¢ in the north to Negotin in the south. They are
in contact with Bessarabian or Maeotian clastites
(STEVANOVIC & PARAMONOVA, 1983).

In the northern part of the Stubik trough, the
Khersonian limestones were discovered on Meceriz
hill (elevation 312), west-southwest of Kupusiste.
Among the macrofauna, Mactra crassicolis, M. bul-
garica, Cerastoderma cf. disjunctoides have been
found (STEVANOVIC, 1964).

North of Mihajlovac, on the right bank of the Arau-
Jankuli stream and over the Bessarabian rocks, the
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mixed coarse- and fine-grained clastites with bival-
ves Mactra balcica, M. bulgarica, M. caspia, Conge-
ria sarmatica, C. cf. panticapea and rare forami-
nifera as Elphidium rugosum have been identified
(STEVANOVIC, 1981).

South of Mihajlovac, on the road between Dusa-
novac and MiloSevo, in a road cut under the Strana
hill, a long section made of sandy siltstone, lamini-
te and calcarenite was discovered. From the sandy
siltstone, the mollusks such as Mactra cf. caspia,
Hydrobia elongata, H. turricaspia, Pirenella disjuncta
disjuncta, Theodoxus sp., Congeria panticapea were
collected. In addition, frequent foraminifers and
ostracods have been recorded (e.g. Ammonia becca-
rii, Quinqueloculina akneriana rotunda, Quinquelo-
culina sp., Cyprideis sp., etc.

Geol. an. Balk. poluos., 2025, 86 (1), 81-119
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Table 5. The Negotin area, borehole Bu-1 (Bukovce) — the Neogene base (Upper Creta-
ceous) and Cenozoic part. The upper depths of species from the drilling mud samples.
Determination of microfauna by V. Markovic. Stratigraphic delimitations and unconfor-
mity by . Marinovic (+/- species transported by drilling mud into deeper stratigraphic

member).

& 0.0 — 155

Aeolian cover, terrace sand and gravel

15,5m

PONTIAN
89,5 m
=
[
o

Yellow-gray pelites without findings of microfauna

Thaminocypris negotini Krsti¢
Bakunella dorsoarcuata Zal.
Camptocypria ossoine Krsti¢
Leptocythere palimpsesta Liven.
Zalanyella venusta Zal.
Serbiella hastata Krstié
Leptocythere bosqueti Livent.

-//-  andrusovi Livent.
Pontoniella acuminata Zal.
Caspiolla balcanica Zal.
Reticulocypris orientalis Krsti¢
Loxoconcha schweyeri Susin
Xestoleberis multituberculata Zal

-//- cf. castis Mandelstam

105 m

MAEOTIAN
140 m
B

Candona fagiolata Stanéeva
-//-  ricca Stanc.
Loxoconcha ancilla Stang.
Caspiolla arcuata Stang.
Candona massiccia Stang.
Caspiolla acuelata Stanc.
Lineocypris vidinensis Stanc.
Candona tschorlevensis Stang.
Leptocythere aff. propinqua Liven.
Loxoconcha venticulata Stang.
Stanchevia gajtanensis Stanc.
Hemicytheria strabella Stanc.
-//- bella Stané.
Loxoconcha faveolata Malz.
Xestoleberis mariposa Stan¢.

245 m

SARMATIAN
23 m
N
3

Ammonia beccari Linn.
Quiqueloculina akneriana d’Orb.
Elphidium minutum d’Orb.

/I~ josephinum d’Orb.

-//- hauerinum d’Orb.
Nonion granosum d’Orb.
Elphidium antonium d’Orb.
Porosononion subgranosum Eger.
Elphidium crispum Linn.

-//- macellum Fich/Moll.
Porosononion martkobi Bogd.
Nonion bogdanoviczi Volsch.

268 m

BADENIAN
27 m

<
=]k
295 MY\ NANNANNY

310-319

Globorotalia obesa Bolli.
Orbulina universa d’Orb.
Globogerinoides bulloides d’Orb.

-//- trilobus d’Orb.

-//- -//-  immaturus Roy.
Orbulina suturalis Bronn.
Uvigerina pygmea d’Orb.
Dentalina pauperata d’Orb.

-/I-  consobrina d’Orb.

-/[- verneuilli d’Orb.
Globigerinoides conglobatus Brady.
Globigerina cincina
Uvigerina semiornata d’Orb.
Cibicides pseudoungerianus Cush.
Sphaeroidina bulloides d’Orb.
Nonion soldani d’Orb.

NSNS NSNS NSNS NS NS NSNS NSNS NS NSNS

Globotruncana linneanna d’Orb.
Hedbergella infracretacea Glaessner, etc.

CEN. -
TURON.
(Basement)

(core)
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The sands and clays near Bra-
tujevac (Bratujevac Pimnice) are
horizontal over a length of about
200 m (StevANoOvVIC & DoLi¢, 1981).
In the lower part of the section,
Mactra bulgarica, M. caspia were
found. In the higher parts, con-
gerians are dominant: Congeria
sarmatica, C. exigua, C. cf. pan-
ticapea, foraminifera: Quinquelocu-
lina consobrina, Q. acneriana, Q. se-
minulum, Q. au-striaca, Q. haueri-
na, Porosononion subgranosum,
Ammonia ex gr. bec-carii and ostra-
cods Euxinocythere pseudonavi-
culata, Leptocythere modesta,
Cyprideis sp., Candona sp., Xesto-
leberis sp. (det. Markovi¢ V. and
Krsti¢ N.) (KrsTIC et al., 1998).

The section in the Bukovo
stream, west of Negotin, builds in
the lower part from coarse-
grained, cross-stratified sands and
conglomerates bound by car-
bonate cement in the higher parts.
In the sandy part of the section,
abundant mollusks with trans-
ported shells and its fragments
were found: Mactra bulgarica
(Fig. 10), M. balcica, M. caspia,
Pirenella disjuncta, Hydrobia sp.
and others. The sediments were
deposited in the delta zone, with a
large yield of the coarse-grained
rounded clastites.

In the area of Kladovo, Sarma-
tian paleontological data accord-
ing to the upper depths of the
cored intervals of wells Vb-1, Vb-
2, Rt-1 and Kor-1 are specified in
Table 4. Well-log correlated stra-
tigraphic delimitations into the
substages and total thicknesses by
wells Vu-1, Vb-1, Vb-2, Rt-1 and
Kor-1 are shown in Figure 5 and
Table 3.
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Fig. 8. Lower Sarmatian macrofauna from the borehole abbr.
name 9 (B. Slatina). a) A destroyed exterior and preserved mold
of Psamobia labordei sarmatica Papp (262.70-263.50 m), b) Asso-
ciation of small gastropods (Mohrensternia inflata (ANDZEJKOWSKI),
M. sarmatica FRIEDBERG, Clithon pictus pictus FERUSSAC, Gibulla sp.,
Calliostoma sp. (263.60-264.00 m).

Fig. 9. Sarmatigibbula (Barbotella) hoernesi (BARB. DE MARNY)
from the vicinity of Mihajlovac. Scale bar - 1cm.

Fig. 10. Mactra bulgarica (TouLA) (damaged shell) west of Nego-
tin, the Bukovo stream. Scale bar - 1 cm.
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Upper Miocene

Maeotian Stage

The Maeotian rocks around Kladovo were found
between Kladu$nica and Brza Palanka, and further
south in the vicinity of Mihajlovac, Mala Kamenica,
DusSanovac, MiloSevo, Vidrovac, Badnjevo and the
Bukovo Monastery (e.g. STEVANoVIC, 1980). These de-
posits consist of sands with interlayers of pebbles,
marly sands and marls, and sandy limestones occur
much less often. In most cases, they conformably
overlie the Khersonian or Bessarabian deposits, but
there is an angular unconformity between them.
The older part builds of clay, sandy clay and sand has
a brackish-marine nature with Dosinia meotica and
Modiola minor, and the younger one builds of caspi-
brackish clay, carbonate sands and sands with small
gastropods and bivalves of the genus Congeria.

Near Mala Kamenica, in the right cut of the Para-
ureCe and PodiSor streams, a section built of clay,
sand and siltstone was found (STEvaNovi¢, 1980;
StevaNovIC & KRsTIC, 1981). The mollusks separated
from the fine-grained clastites: Dosinia maeotica,
Modiolus incrassatus, Dreissenomya nevesskae, Pire-
nella disjuncta disjunctoides, Viviparus moldavicus,
Pseudamnicola atava, Theodoxus stefanescui, Dreis-
sena polymorpha and others. The association be-
longs the Lower Maeotian, i.e., corresponds to the
Oltenian Substage. The ostracod microfauna is also
numerous: Cyprideis sarmatica, Euxinocythere rudis,
Candona (Pontoniella) bulgarica, Loxoconcha ancila,
which corresponds to the Candona (Pontoniella) bul-
garica Zone. Rare foraminifers were represented
only by the species of Ammonia ex gr. beccarii.

The Upper Maeotian gray clays were proven on
the section of the right side of the Valja Mare river
in the vicinity of Kladu$nica (StTeEvaNovi¢ & DoLic,
1981). They contain the mollusks such as Hydro-
bia sp., Radix sp., Pseudamnicola sp., Theodoxus sp.,
Congeria novorossica, and the ostracods Candona
(Caspiocypris) ovalis, Loxoconcha graciella, Maeoto-
cythere sp.

South of the village of Mihajlovac, in a gully by
the road, an outcrop built of sandy siltstone was
discovered. The Upper Maeotian mollusks were
found such as Psilounio sp., Congeria panticapea bul-
garica, Dreissena polymorpha, Theodoxus stefa-
nescui, Brotia escheri auingeri, Pseudamnicola wenzi,
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etc. (GaNI¢, 2005). Ostracods such as Cyprideis cf.
ventroundulata, Aurila cf. notata, Euxinocythere
immutata, Euxinocythere sp., etc. are also recorded.

A clay section with sand interlayers was disco-
vered in Badnjevo near Negotin (STEvANOVIC et al.,
1981). The remains of flora found in the clayey
layers, while the mollusks Pseudamnicola, Hydrobia,
Pyrgula, Theodoxus, Dreissenomya, etc. as well as
numerous ostracods: Stanchevia gajtanensis, Can-
dona (Candona) fagiolata, C. (Syrmiella) arcuata,
C. (Candona) misiensis, Gethocytheria parvula and
others. Stanchevia gajtanense Zone corresponds to
the Upper Maeotian, i.e. the Moldavian Substage
(STANCHEVA, 1990).

In the area of Kladovo, the Maeotian sediments
were delimited in boreholes Vu-1 (Vajuga) in the
interval of 279-528 m, Vb-1 and Vb-2 (Vrbica) in the
intervals of 393-657 and 380-625 m and Rt-1
(Rtkovo) at a depth of 480-816 m (Fig. 5; Tab. 3).

In the area of Negotin, deposits of Maeotian age
were confirmed by boreholes near Prahovo (Pr-1)
and on the Kobi$nica plateau, borehole Bu-1 (Bu-
kovce). In borehole Pr-1, the Maeotian was de-
marcated at a depth of 390-615 m (Fig. 4), and in
borehole Bu-1, in the interval from 105-245 m, it
was proved by ostracod microfauna (Tab. 5).

Pontian Stage

Caspibrackish Pontian sediments on the surface
were discovered southwest and south of Kladovo,
under the aeolian cover and river terraces, and
across the Maeotian in the narrow belt between
Brza Palanka and DuSanovac, as well as on the Kobis-
nica plateau in the vicinity of Negotin. Based on li-
thostratigraphic and biostratigraphic data, the lower
Novorossian substage and the upper - Portaferrian
substage were authorized (STeEvaNoviC, 1951, 1953).

Lithologically, Novorossian substage is general
with two facies: the first is marl and clayey-silt-
stone-sandy with Paradacna abichi, Congeria digiti-
fera, Dreissensia anisoconcha, etc. The second one is
sandy to sandy-clayey with Prosodacna littoralis,
Pseudocatillus pseudocatillus, Congeria turgida, etc.

In the area of Kladovo, from the northern edge of
the village of Vajuga in the streambed of Valea
Satului, gray blue siltstone and clay contain brackish
species: Carinatocongeria digitifera, Dreissena ani-
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zoconcha, Prosodacna (Eupatarina) litoralis, Cala-
dacna steindanchneri, etc. On the northern flank of
Golo brdo, above Mala Vrbica, from the siltstone
clays of the transitional level (lower/upper Pon-
tian), the following were determined: Paradacna
abichi, Carinatocongeria digittifera, Osoinia plani-
costata, Parvidacna planicostata, Plagiodacna ca-
rinata, Limnocardium novorosicum, Congeria ruma-
na, Pseudocatillus pseudocatillus, Valenciennesius sp.,
etc. (STEvANOVIC, 1989). Pontian mollusks from the
Vrbica, Vajuga, Rtkovo and Korbovo boreholes are
specified in Table 4.

In the area of Negotin, along the northern length
of the Kobisnica plateau, in platy siltstones and
laminites, there is an association of brackish
mollusks close to the contact of the Pontian sub-
stages with: Paradacna abichi, Caladacna steinda-
cheri, Limnocardium otiophorum orientale, L. (Arpa-
dicardium) mayeri, Congeria rumana, C. rhombo-
idea, Dreissena anisoconcha, Pisidium krambergeri,
Valenciennesius geticus, etc. (STEVANOVIC, 1989).

In the Bu - 1 borehole, on the Kobisnica plateau,
the range of depths of the specifically contained
ostracod species found between 105 and 30 m.
The boundary with the Quaternary is lithologically
atadepth of 15.5 m (Tab. 5). The borehole VI-2 east
of Srbovo, at a depth of 138.5 m, revealed only the
sediments of the Lower Pontian. In gray-blue silty
clays and clays from 7 m to the bottom, a fauna of
gastropods and bivalves was determined, among
which are: Carinatocongeria digitifera, Congeria
rumana, Dreissena anisoconcha, Paradacna abichi,
Limnocardium mayeri, Paradacna retowskii ossoine,
Pseudocatillus simplex, Valenciennius geticus, Za-
grabica cyclostomopsis, Radix cf. kobelti, Melanop-
sis esperoides, Hydrobia vitrella and others. Below
110 m, instead of Paradacna abichi, Paradacna sp.
numerous Zagrabica ex. gr. cyclostomopsis appear in
the clays (STEvANOVIC, 1989).

The Portaferrian substage is typically developed
only around Kladovo. Lithologically, it is built of
sands and sandy clays with Monodacna laticosta-
ta, Arcicardium primigenium, Paradacna retowskii
ossoinae, Didacna otiophora orientalis and Par-
vidacna planicostata (STEvANovIC, 1951, 1955, 1977).
The Portaferrian substage of Osojna (s. lato) and the
Golo brdo hill with sand and sandstone alternations
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contains (in excerpt): Osoina laticostata, Paradacna
retowsky ossoine, Parvidacna planicostata, Arci-
cardium primigenium, Limnocardium (Bosphori-
cardium) emarginatum, L. petersi, L. (Tauricardium)
subsquamulosum, Congeria rhomboidea, etc. (STEVA-
Novi¢, 1989).

There are no Pliocene layers in the entire studied
area.

Quaternary

Quaternary deposits are represented by different
genetic types of sediments created during the
Pleistocene and Holocene.

The high river terraces, river-lake deposits,
loessoids, river terraces and proluvium are of
Pleistocene age (DoLi¢ & Raki¢, 1976; BoGDaNoOVIC &
Raxi¢, 1980).

The high river terraces are fragmentarily forti-
fied at a height of 150-170 m above the Danube
River between Sip and Davidovac. They are built
from heterogeneous pebbles. Based on the rela-
tionship with the substrate and cover soil, they are
of Lower Pleistocene age.

River-lake sediments - terraces of the Klju¢ (90-
120 m above the Danube), are the most widespread
in the Great Danube meander. Outside of it, they
were found south of the Podvrska river in Brza Pa-
lanka, Mihajlovac and Mala Kamenica. These sedi-
ments are represented by medium- to coarse-
grained, poorly sorted gravels and sandy clays.
At Brza Palanka, mollusks Corbicula fluminalis,
Unio atavus, Pisidium amnicum, Melanopsis acicu-
laris, M. esperi, Lithogliphus naticoides and ostracod
Cyclocypris triebelli were found in the sandy clays,
which indicates the lower part of the Middle Pleisto-
cene (BoGpanovi¢ & Raki¢, 1980).

The loessoid clays, sands and sub-sands were
found SE of Kladovo, around the villages of Vajuga,
Velika Vrbica, Mala Vrbica, and SE of Mala Kamenica.
These sediments lie over the river-lake gravels of
the Kljuc terrace, and two parts can be distinguished
on the outcrops. In the lower part, oblique and ho-
rizontal stratification of the deposits is noticeable,
and near Mala Vrbica and Mala Kamenica, mollusks
Punctum pygmaeum, Pisidium obtusalelapponi-
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cum, Valonia excentrica and ostracods Candona
neglecta, lliocypris gibba, I. brady, Cyprinotus sali-
nus and others were found. The mentioned fauna
extracted from silty sand and sandy siltstone corre-
sponds to the upper part of the Middle Pleistocene.
The dust composition shows that the loess-like
habitus was created by the modification of the
former alluvial plain by deluvial, proluvial and
aeolian agents (BoGbanovi¢ & Raki¢, 1980).

Within the terrace sediments in the valleys of the
Danube, Timok, Mokranjska rivers and other larger
streams, the four levels can be distinguished. The
oldest level corresponds to Mindel and is the "Kovi-
lovo" terrace, with a relative height of 75-90 m and
a thickness of 5-15 m. The next level is Riss 1 a "Stra-
na" terrace, with a relative height of 60-71 m and a
thickness of 2-12 m. "Buban" is a terrace that cor-
responds to the Riss 2 level, with a relative height of
30-35 m and a thickness of 6-12 m. Finally, and the
"Gradska" terrace belongs to the Wiirm, with a rela-
tive height of 10-15 m and a thick-ness of 8-15 m
(DoLi¢ & Raki¢, 1976; BogpaNovi¢ & Rakic, 1980).

Holocene deposits are represented by quick-
sand, proluvium, deluvium, alluvium, travertine
and technogenic deposits. All these types of sedi-
ments were formed from the end of the Pleistoce-
ne to the present day. Accumulations of "quick-
sand" were found east of Kladovo in the vicinity of
Kostol, Mala Vrbica and SW of Velesnica, and near
Negotin on the KobiSnica plateau and in the vicinity
of Radujevac. They are represented by sand dunes
and barhans with a NNW-SSE direction, which
coincide with the directions of modern air currents
(DoLi¢ & Raki¢, 1976; Bogpanovi¢ & Rakic, 1980).

Structural-Tectonic and Paleogeographic
Interpretation

In accordance with the title of the current re-
ference, the interpretation is based on unified in-
dicators of surface geology, shallow and deep bore-
holes and the geophysical methods used, primarily
gravimetry, well logging and reflective seismics
specific to study area.

In the area of Kladovo, a slightly bent gravimetric
configuration of relatively uniform negative incre-
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ment (Ivkovi¢, 1957), is expressed from the im-
mediate Carpathian foothills, towards Kladovo and
Velesnica. The negative values of isogams are more
intense east of Kladovo, and the lowest from Kostol
(Mala Vrbica) towards Romania. Based on a net-
work of seismic profiles (PETROVIC, 1959), reflections
are steeper east of Kladovo and Milutinovac. To the
west of these geophysical indicators, the indented
paleobase of the Carpathian foothills between Kla-
dusnica and Brza Palanka is heterochronously co-
vered by mixed Miocene clastites, concluding with
the Maeotian and Pontian (Stevanovi¢, 1951, 1955,
1958). At the site of Cladova-2, west of Turn Seve-
rin (Romania), the "Sinai bedrock" at a depth of 600 -
620 m has direct contact with the Lower Sarmatian
(BANCILA, 1967). To the east of the morphostructu-
ral saddle Kladovo - Recica - Velesnica, the Neogene
base sank to the formation of a trough, at Velika
Vrbica, 2,300 m deep. On the eastern flank of the
"seismic minimum", the continuity of reflections is
disturbed, indicative of the providing of a longi-
tudinal sub-Neogene barrier.

By making exploratory boreholes ("Naftagas"
1959-1962), it was established that in the foothills
of Vrbica - Vajuga, east of Kladovo, basement of the
Cenozioc succession is made up of Upper Creta-
ceous flysch which was affected by Alpine defor-
mations (Fig. 5; Tabs. 1, 4). The fractured flysch base
is discordantly covered by Pre-Badenian angular
clastites and variably large pebbles of various
petrological composition in an unsorted sandy-
gravelly matrix, in borehole Vb-2, determined to be
225 m thick (Tab. 3). However, the sub-Neogene
morpho-horst Rtkovo-Korbovo is built by comple-
tely different massive Tithonian - Neocomian lime-
stones that are directly covered by marine Badenian
deposits (Fig. 5; Tab. 3). From the geophysical and
borehole-geological factometry, it follows that the
southern extension of the contact of tectonized Pre-
Carpathians and the Moesian Platform (BANCILA,
1967) is located below the apostrophized troughes
of Velika Vrbica and Burila Mare in Romania. This
also resolved the issue (STeEvaNoviC, 1964) of "loca-
ting the longitudinal pre-mountainous sag further
from the morphological Carpathian hills". A structu-
ral saddle is formed from the longitudinal intra-
trough pass, and to the west of the morpho-horst of
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borehole 55 Chilia 7, from which a wider morpho-
structural nose rises towards Ljubicevo. To the west
of the Burila Mare trough-unit with a conditionally
maximum depth of about 1200 m, an ascending
trough was formed towards Brza Palanka, which
ends at the edge of the Carpathian orogen in the
lacustrine-coaly wally of Aliksar (Fig. 11).

In the depressed part of the Kladovo area above
the marine Badenian, with the 254 m thick borehole
Vb-1, sedimentation of the Lower Sarmatian up to
280 m thick continues. The paleogeographical con-
nection with the Pannonian Basin is stable and
essentially of the same biostratigraphic evolution.
Interruption of mutual communication caused by
the critical uplift of the Carpathians, with this refe-
rence is precisely positioned and graphically illus-
trated by the base of the Bessarabian lagoonal in-
terval with cryptomactras (Fig. 5; Tab. 4).

Continuous descending during the Middle Sar-
matian is more pronounced in the central part of the
Danube River meander with a significant yield of the
fine-grained clastites of interval progradational se-
dimentation. Along the length of the western mar-
ginal area, along the shallowed shelf of Podvrska,
alimestone-reef rock is interlayered (Stevanovic, 1951,
1977). The greatest thickness of the Bessarabian
Substage reaches 435 m (Tab. 3).

The Upper Sarmatian in latent regression was
sweetened until the extinction of the stunted Kher-
sonian mactras and the disappearance of the re-
sistant ammonias in the basin area, as a biostrati-
graphic indicator of the depth delimitation toward
the Maeotian (Fig. 5; Tab. 4).

The absence of genus Dosinia in the material
from the boreholes is not the reason for the eli-
mination of the Lower Maeotian, both for paleo-
ecological reasons, and because of the rarefied
coring in the lower part of the Maeotian sedi-
mentary column. Along the length of the western
paleogeographic near coast, mainly the younger
parts of the Maeotian are locally overflow (Mana-
stirica, Podvrska, Brza Palanka) above the indented
foothills (MARINovIC, 1959; STEVANOVIC, 1951, 1977
and others). In the northeastern part of the Danube
meander, the brackish sandy-marly Maeotian is
more than 336 m thick, correlative to borehole Rt-1.
The re-establishment of the connection of the Pan-
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Fig. 11. The Kladovo-Negotin area. The thickness map of configuration of the Cenozoic basement.
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nonian basin with the Dacian basin by overflowing
the Carpathian barrier, was marked by the mixing
of Lower Pontian lacustrine mutants of the Central
Paratethys and the autochthonous brackish-
freshwater Euxine-Dacian biogenic associations.
That geochron of delimitation, in the meander of the
Danube, is found at depths of up to 470 m (Fig. 5;
Tabs. 3, 4). Regressive Pontian sediments, as in-
dicated in the stratigraphic chapter, were discove-
red on the surface in several localities, and there are
no Pliocene deposits. The entire area has been
subjected to compact subsidence of the entire Neo-
gene column. The post-Pontian indented in relief
alluvial and aeolian multiphase cover is of variable
thick-ness (Cvyi¢, 1921; MARkovIC - MARJANOVIC,
1967; DoLIC & RAKIC, 1976; BogbaNovIC & RAKI¢, 1980;
DRrAGISIC & PoLomM(I¢, 1998) averagely 20 - 30 m max.
to 40 m.

In the Negotin-Zaje¢ar area between the
Carpathian orogen and the State border, neotectonic
and morphostructural entities are generally
historiographically apostrophized:

o The Stubik Neogene trough extending with the
Zajecar trough; and the intramountain trough of
Borska Slatina.

e An area of Neogene sedimentation with par-
tially exposed bedrock of the Alpine tectonized
foothills, and

¢ An area of sunken geological structures, mostly
under the Quaternary cover.

The Stubik Neogene trough along its entire
western length is closed by a system of Laramiyan-
Pyrenean faults towards the Carpathian orogen,
while the eastern side of the trough is paleo-archi-
pelagoically open. The trough's wider communi-
cation is from Urovica towards Brza Palanka and
Podunavska Slatina, while further south the connec-
tions around the island massifs are more complex.
From KupuziSte near Brza Palanka and the trans-
verse sub-Neogene threshold Jela$nica - Cokonjar,
determined by this reference, the length of the
trough is about 45 km. The width of the trough is
variable, at most 10 km. Longitudinal intra-trough
sink were formed within the mentioned dimen-
sions: Urovica, South Stubik, West Meteri$ and Kop-
rivnica, individual thickness of 200-350 m (Fig. 11).
The mixed-clastic shallow-water marine to semi-
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marine composition of the trough is of a highly
variable order. From the Danube River towards
Jabukovac, the sedimentary column is more com-
plete, while further south, only the Badenian and
Lower Sarmatian rocks have been established. The
bedrock of the trough is built by extensions of the
formations of the sunken Carpathian foothills - a
thrust and fold system of the Alpine tectonization
with general NNW-SSE and N-S direction, condi-
tionaly without larger basic- and ultrabasic masses,
which are geophysically marked in the direction to
the south (BiLiBajkI¢, 1986).

The Zajecar part of the trough is a morpho-
tectonic extension of the Stubik trough south of the
Jelasnica-Cokonjar depth treshold established here,
which is also the hub of west-rotating torsion
towards the Borska Slatina intramountain trough.
To the demarcation with the lacustrine trough-de-
pression of Minic¢evo - KneZevac, near Zagrade in the
south, it is about 30 km long, and in the transverse
direction of Lubnica - Grljan, the maximum width is
up to 12 km. The outer contour of the trough was
compiled, mainly according to the regional map of
MiLovaNovié & Ciri¢ (1968), then segments of the
Basic geological map (VESELINovIC et al.,, 1967, 1975),
in accordance with the flows of gravimetric ano-
malies (BiLiBAJKIC, 1986). The eastern flank of the
trough is sharply faulted and essentially closed
paleogeographically, while the western flank has an
outflow trend. A significant part of the trough is
filled with the lacustrine Lower Miocene stratified
coals, and the total thickness of the sediments is 3,3
times greater, which is all reversed compared to the
Stubik part of the trough (Fig. 12). At the location of
borehole R-1 (abbreviated index), with a total
thickness of the Neogene column of 585 m (Tab. 2),
the Badenian and Sarmatian boundary is located
between 320 and 270 m in depth (VasiC et al,, 2018).
That "Paratethys's development” disapper south
of Vratarnica (Fig. 12). A sample from the borehole
N-2, 34 m deep, of the lacustrine sedimentary
column, was isotopically dated to 16.9 Ma, corres-
ponding to the Karpatian Stage (Runpic et al., 2019).

The paleogeographic connections with the intra-
mountain trough of Borska Slatina are indicative on
prolongation sandy outcrops of the Rgotina vine-
yards and mostly eroded remains of marly lime-
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stones above the Crna Reka (Poprovi¢, 1968) and
certainly the banks of the Magurska Kosa, according
to with which the configuration of the basement of
the northern part of the trough is oriented (Fig. 12).
The direct basement of the northwestern part of the
trough is predicted to be built by the extension of
the tectonically narrowed Bela Reka - Rgotina
structures; the central part of the "magmatogeno-
volcanogenic mixed formation" (Vasic et al., 2018)

and older Cretaceous clastites (Runpi¢ et al.,, 2019),
(Tab. 2). Under the southwestern part of the trough,
the Tupiznica - Grliste Lower Cretaceous possibly
lies. The southeastern part of the basement is ge-
nerally composed of Jurassic-Cretaceous forma-
tions of tectonized the Stara Planina perianticlino-
rium, overlie by the Upper Cretaceous carbonate
and volcano-sedimentary rocks of the Vratarnica
complex.
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Fig. 12. The Bor-Zajecar area. Depth interpretation of the Zajecar trough and Borska
Slatina intramountain trough with isolated hollow units (according to Table 2). Pre-Neo-
gene formations on the surface: 1. Magmatic-volcanogenic complex (U. Cretaceous—-Paleo-
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6. isopachs.
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in the upper parts of the Maljenik,
Kusak and Dosluj streams (STE-
VANOVIC, 1964; Popovi¢, 1968). The
lower limits of the Neogene sedi-
ments were determined by drill-
ing for coal exploration at a depth
between 23 m (borehole abbr.
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index 1) and 437 m (R-10), as well as the formation
composition of their magmatic-volcanic Upper Cre-
taceous basement (Tab. 2) (Runbi¢ et al., 2015; Ba-
NJESEVIC et al., 2019). The eastern side of the trough
is steeper than the western one. From B. Slatina,
along the NNW- SSE internal threshold, the trough
is differentiated into a northern segment up to 250 m
thick and a southern, stratigraphically more com-
plex segment (with Badenian and Sarmatian) with
a total thickness up to 450 m. According to the last
mentioned authors, in the center of the trough (bo-
rehole 10, abbrev. index), the thickness of the Ba-
denian is less than 200 m, and the reduced mari-
ne (almost fresh-watered) Sarmatian up to 312 m.
Due to the steep centripetal dip, the sediments are
angularly disturbed on the surface between 15° (Po-
poviC, 1968) and 20° (Stevanovié, 1977). Since the
Post-Volhynian time, the area is continuously expo-
sed to erosional destruction and topographic shap-
ing, ending with the Quaternary overcovering.

The area of Neogene sedimentation with a par-
tially exposed base of the Alpine tectonized foothills
has various literature aspects of structural-tectonic,
zonal facies and other geological concepts, mostly
with scarce geophysical support. The regional gra-
vimetric map (ARrsi¢ et al., 1976) was segmentally
reproduced in larger scales and parameters on the
basis of which two developmental rows of elevated
isogamic values were established.

Along the length of the western row of stronger
intensity, there are staggered mutually obliquely
closed (NNE-SSW) maxima of Grinda Raduluj -
Malajnica - Korbulovo, then shorter (N-S) Trnjanska
Glavica, then more spacious (NW-SE) Lepa Glavica -
Metris and semi-closed Velika Jasikova, which pe-
ricline towards Gradskovo. The mentioned anoma-
lies geologically include the Malajnica massif (sensu
lato) of heterogeneous schists with granitoids and
other rocks, and further south with crowded small
masses of ultrabasites, or without them, which
on east reversely overlie the Cretaceous flysch.
The fronts of these scale-thrusts from north to south
are mapped on the outcrops: Jabukovac east (the
Zamna riverbed); Kolibine, Trnjane northeast (the
Trnjanska river), Brestovac (the Cubarska river);
Lepa Glavica; Metri$ south; Velika Jasikova and
possible Trnavac east, in the Timok gorge (Fig. 11).
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The depth condition according to this lineament will
be presented in the further text of the chapter.

The eastern row of the Bouguer gravimetric
values, but of lower intensity than the previous one,
stretches north from the bank of Podunavska Slatina
towards Mihajlovac. From Mihajlovac, the intensity
of anomalies is increased and closed along the
Dupljane - Bukovo axis and separated on the Balej
hill. (Fig. 11). Along that route, the Alpined tecto-
nized Cretaceous flysch is partly on surface, and
under the Neogene cover, it is of higher density
compared to the synmorphically formed, condi-
tionally the younger flysch of Cubra - Klenovac -
Bracevac. From Mihajlovac, through Vidrovac to
the "Negotin mud", the flow of the lateral isogams
of the negative accretion is thickened, indicative on
subsidence of the eastern wing. The reverse fault
line near Mokranje and further south, in Kreme-
njaca near Crnomasnica, with Tithonian-Neocomian
limestones overlie the Cretaceous flysch, has been
emphasized differently in the literature, including
with a repeated quote by PETkovI¢ (1948).

Above the sunken contact of the Carpathian fore-
land with the platform, the Neogene trough in the
Danube River meander, as previously explained, has
a southern prolongation. From Veliko Ostrovo, at a
depth of +700 m, the trough narrows between the
flysch massifs towards Dupljanske pivnice in the
west. The main trough from DuSanovac (+500 m)
via Milosevo, expands further south into the asym-
metric - centripetal depression of Negotin (¥950 m).
North and south of Cubra, the depression shallower
around the exposed flysch base, especially towards
Stubik trough and Recka (Fig. 11). Across the Mid-
Neogene structural saddle north of Srbovo, the
Negotin depression is connected to the Prahovo
trough with very steep flanks. On the border with
Romania, the Neogene base sank to depths 1100 m.
Above the southern morphostructural threshold of
Bukovce, at a depth of +450 m, the Negotin depres-
sion is morphostructurally related to the Balej depres-
sion (#800 m) in Bulgaria. The Veljkovo border anti-
form is oriented diagonally in relation to the Tamni¢
trough-depression (500 m), which is open to the east.
Borehole S-12 (Bulgaria), at a depth of 641,9 m,
established the Lower Cretaceous/Badenian contact
(KojuMpGIEVA et al.,1982).
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The most prominent Samarinovac morphohorst,
*#250 m, bi-apically extending in SE-NW direction
near Kusjak, sub-Neogene periclinally sink towards
Gogos in Romania. The flanks of the horst are steep,
especially the eastern one. The southwestern foot-
hill of the horstis deeper than 400 m. Borehole IEBS-1
(indexed as S-1), at a depth of 350 m was completed
in an older Badenian (MiTrovIC et al. 1996). In the
deep borehole Bukovce-1, the base of the Neogene,
i.e. Badenian/Turonian boundary was determined
at a depth of 295 m (Fig. 2 - entire borehole, and
Tab. 5 - Neogene segment). Finally, the Pristol block-
horst (interpolated 200 m) in Romania extends to-
wards the sub-Neogene southern Novoselsky "vault”
+30 m, in Bulgaria, where the Upper Cretaceous/
Bessarabian - Khersonian contact was established
(Bokov et al., 1966).

The characteristics of the sediments of the unique
Neogene basin area above the Carpathian foreland
and the Moesian platform, between Brza Palanka,
Sipikovo and the state border, are sufficiently pre-
sented in the stratigraphic chapter, for which reason
it is omitted here.

In the area of sunken sub-Neogene geological
structure, in-depth interpretations of the boreho-
les resulted from the combined insights of the litho-
logical composition from "sieve" samples and cored
intervals, including paleontological analyzes and
special determinants, framed by log-stratigraphic
delimitations. Spatial relationships accounted for by
interdependent geophysical indicators are comple-
mented by specific considerations and original as-
sumptions emphasized in the text.

With the Bu-1 borehole, the Proterozoic - Cam-
brian Baikal basement was not reached up to a
depth of 1,982 m. In the Ordovician segment,
layered clastites are represented, among which
quartz sandstones with especially arkoses and sub-
arkoses. Their frequency suggests the presence of
metamorphosed potassium para- or ortho-gra-
nulites. Above the Ordovician in the Paleozoic suc-
cession of unexpressed tangential disturbance,
during the older Silurian in a relatively calm marine
environment, mostly unmetamorphosed siltsto-
nes, laminites and fine-grained quartz sandstones
alternate. Volcanic rocks were not recorded, which
determines the miosynclinal character of the sedi-
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mentation. In the late Silurian, the clastic sediments
(above 1,425 m) pass into intervals with biomicrites
and other carbonates (Fig. 3).

During the early Devonian, dark gray to black
clays and siltstones were predominantly deposi-
ted. In the younger part of the Devonian column,
greenish glauconitic sandstones are layered, cer-
tainly synchronous with the intrusions of basites in
the Carpathian depression and the serpentinized,
later overthrusted schists of the foreland. The in-
creased participation of the dolomite-carbonate
component in the late Devonian is indicative of the
beginning of the vertical enlargments of the plat-
form. By the end of the Devonian, the process of
elevation caused a trend of regression and an
interruption of sedimentation, and according to
the Bu-1 borehole, above 1,070 m, deposits of the
complete Carboniferous, Permian and Triassic are
completely missing. In borehole 55 Chilia 7, on the
Romanian part, above the Devonian microcry-
stalline dolomites and limestones, the break cor-
responds to a depth of 1,714 m (Fig. 3). From the
above, it follows that in the border part of Krajina,
the beginning of emersion occurred synchronously
with the Bretonian phase, in contrast to ,eugeo-
synclinal” areas, where emersion is intra-Carbo-
niferous, i.e. corresponds to the Sudetian tectonic
phase. Referring to the post-Ordovician "Strehaj
uplift" in western Wallachia (Atanasiu & CHIRIAK,
1965; BoncHEV, 1980) the trend of emersion
movement by time is from NE to SW. It is not
unnnecesary to add that the mentioned direction
also has the mega-vault of the Moho-discontinuity
of western Wallachia, 30-28 km deep (ALjINOVIC,
1986) and others.

The Prahovo-1 borehole was completed in the
Lower Jurassic hard quartz sandstones, which are
covered by marine mixed-terrestrial and carbonate
fossil-bearing sediments of the middle part of the
Lower Jurassic. Existence of (undrilled) the lower
part of the Lower Jurassic (developed in the wider
environs, Romania and Bulgaria) is very certain.
There is a relatively short-term hiatus above the
middle Lower Jurassic that is marked by coal-seams
and a terrestrial crust, at 1,319 m deep (Fig. 4).
The regionally transgressive Upper Jurassic calca-
renites contain synsedimentary deposits (e.g. con-
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glomerate-breccia calcarenites) indicative of intra-
formational oscillations at the end of the Tithonian
with pronounced elements of local paleokarsti-
fication (1,235 m). The overlying the Cretaceous
deposits are variable, containing mostly terrestrial
content, 184 m thick. In relation to the Bu-1 well,
the Prahovo block sank 756 m.

The sub-Mesozoic depth configuration was
constructed by cross-linked seismological-corre-
lative transfer of the established discordance Pz/Mz
(1,070 m) of the Bukovce-1 borehole to the sur-
rounding area (Fig. 13). According to that seismo-
reflector, SW of Mokranje and Recka, and below the
lineament (traced in the previous text) visible on the
surface of Jabukovac - Velika Jasikova and beyond, the
three sub-Mesozoic blocks - antiforms are differen-
tiated: Metris SE, Brestovac south and an extrapola-
ted Brestovac north. With relatively flattened ampli-
tudes, they are separated from each other and brie-
fly elongated S-N and SE-NW, at a depth of -1,500 m.
Their western flanks, between -1,700 and -2,000 m,
are diagonally directed under the Alpine - Carpa-
thian orogen. South of the Trnavac gorge, the sub-Me-
sozoic trough (-2,200 m) is crowded between sub-
Mezozoic troughs of the burried formes of Veliki
[zvor (-1,800 m) and Halovo (-1,500 m). In the belt
of foothill Alpine thrusts, below which there are no
organized seismic reflections, or the area is outside
the CDP seismic network, the deep morphotectonic
interpretation is an omitted (Fig. 13).

From the Paleozoic/Mesozoic delimitation of the
Bukovce-1 well, the sub-Mesozoic configuration,
seismo-correlatively, the antiforms of apically ap-
proximate depths are: Mokranje (-1,500 m), Veljko-
vo (-1,700 m), Jasenovac (-1,300 m) and Bracevac
East (-1,200 m). Discordantly, the overlying rocks on
the Paleozoic is intra- or extrapolated interpreted at
depth between -2,500 m (Rogljevo) and -1,300 m
(Zlokuc¢e) with an objectively reduced geological-
depth accuracy.

A brief discussion
This paper give a comprehensive, and in same

time, detail view of the depth geological relations
in the studied area. It implies that the authors pro-
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cessed a lot of available data, including own collec-
ted over many years of work. Although some gene-
ral relationships were known before (e.g. STEvA-
Novi¢, 1977, 1989), their concretization in the form
of spatial boundary lines and the thickness of indivi-
dual stages is completely autenthic. Although the
large regional syntheses and correlations did not
considered here (e.g. SCHMIDT et al., 2020), some
specific geological morhostructures on the attached
maps are correlative with such, regional schemes.
Based on that structural-stratigraphic elements, the
zone of Alpine tectonics of the Carpathian foothills
and the contact with the Moesia Platform are de-
marcated. The configuration of the basement is em-
phasized by the Velika Vrbica Trough and the Rtko-
vo-Korbovo Morphohorst, extending to Chilia in
the border area of Romania. The complete sedimen-
tary column is delimited by correlated well logging.
Geochronology of post-Volhynian inter-basinal
isolation and Lower Pontian recommunication is
based on biostratigraphic constrains (Fig. 5) and
shows good potential for the future paleogeogra-
phic studies.

South of Brza Palanka, between the Carpathian
orogen and the State border, there are elaborately
shaped outcrops and huge masses of Pre-Cenozoic
formations. A longitudinal, partially visible scale-
thrust lineament of Alpine tectonics is positioned,
and the reach of the reverse thrust to the contact
with the platform. A very complex configuration of
the sub-basin units is built over the entire area.
Within the Stubik Trough, longitudinal paleo-bays
are differentiated and nominated. The Veliko Ostro-
vo - MiloSevo trough-synform belt is shown for the
first time, which in the Negotin area expands into a
scattered paleo-depression. The sub-Neogene Recka
plateau, in the south, is connected to the Tamni¢
Trough, directed towards Kladovo (Fig. 11). An ana-
logue could be find in Bulgaria (borehole S-12)
where at a depth of 641,9 m, the Lower Cretaceous/
Badenian boundary was recorded (KojuMDGIEVA et
al., 1982). On the geologically completely covered
area of the platform, sharply fractured the Prahovo
Trough, open to the north, is highlighted. It is
laterally bounded by the bi-apical Samarinovac
horst and the Radujevac - Pristol plateau horst
(Romania), and is closed on the south by the sub-
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Neogene Bukovce “arch”. All the plotted structural
details on the tickness map of configuration of the
Cenozoic basement represent a good base for the
further cross-border depth correlation.

The Zajecar trough was formed above the sub-
merged, ,eugeosynclinal“ Alpine tectonized base-
ment, south of the deeply cramped the Jelasnica
treshold promoted here (Fig. 12). The eastern side
is steeper than the western side, which is more
scattered and has a trend of overflow. The greatest
thickness is up to about 950 m, of which approxi-
mately the older half consists of limnic deposits,
partly coal and tuff. The younger part of the sedi-
mentary column is represented by an ingressive
marine Badenian with the southern oval reach to
the GrliSka River. The thickness of the freshwatered
Sarmatian near Zajecar reaches 300 m. The paleo-
connection with the Borska Slatina trough was
fundamentally disrupted by post-Volhynian emer-
sion. Since this area is very interesting in terms of
future exploitation of metallic and non-metallic raw
materials, these data can serve as a guide for future
exploration planning and drilling.

The Borska Slatina intramountain trough was
formed during the Cretaceous-Paleogene magma-
togenic fracturing in the direction of Donja Bela
Reka - Metovnica. The northern part of the trough
contains only limnic-terrestrial deposits up to 250 m
thick. The southern part, with a total thickness of
450 m, contains basal terrigenous deposits overlain
by marine Badenian up to 150 m thick, and atypical
very freshwatered to oligohaline Sarmatian deposits
of steep, centro-directed sedimentation. As we
mentioned in the text, these structural interpre-
tations partly based on recent sedimentological-
biostratigraphic analyzes based on boreholes data
(VasiC et al., 2018; RunpIC et al,, 2018, 2019). After
the Volhynian, the content of the trough is exposed
to permanent erosional destruction. On the other
words, good knowing of the depth structural setting
and sub-basinal configuration of the mentioned
trough make a very important precondition on the
future projects of Cu, Au explorations.

Between Negotin and Zajecar, and east of the lon-
gitudinal Alpine scale-thrust lineament, the Pz/Mz
depth delimitation in the Bu-1 borehole, within the
limits of seismo-correlativity has been transferred
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to the surrounding area. During the long-term post-
Devonian hiatus, the Palaeozoic basement was
remodelled, to a predominantly crossed morpho-
structural configuration. Shaped antiforms have ap-
proximate dimensions of 3-7 x 2-4 kilometers, while
synforms with inflexional folds are more spacious
(Fig. 11). It is not possible to determine the sunken
fractured and deformed morphostructures below
the scale-thrust belt of the immediate foothills.
Accordingly, it can be said that although the plotted
depth morphostructures are realistic, there are still
an unknown and this shows how important it is to
monitor drilling, especially those related to deeper
wells on both sides of the state border.

Conclusions

e Between the eastern edge of the Carpathian
orogen and the border territories of Romania and
Bulgaria, and under a single Cenozoic cover, the
following are delimited: the direct overthrust belt,
the belt of fold-reverse tectonization, and the
western segment of the Moesian Platform.

e On the segment of the Moesian Platform in
Serbia, the Bu-1 (Bukovce) borehole was completed
in the Ordovician rocks at a depth of 1,982 m, and
the 55 Chilia 7 borehole was completed in the
Silurian near the border of Romania with a bottom
of 3,203.5 m; depths of the sub-Paleozoic fun-
dament are unknown.

e Ordovician of the borehole Bu-1 is composed
of fine-grained subarkose-arkose to laminated clasti-
tes with spheres of primitive plankton. Silurian
psammites with acritarches above 1,425 m are
intercalated by the brachiopod-bearing limestone.

e Devonian pelites to flyschoids of the Bu-1
borehole with abundant trilete spores, in borehole
55 Chilia 7 they terminate with regressively the
Upper Devonian carbonates.

e The beginning of the emersion movements of
the platform corresponds to the Bretonian uplift, on
a paleoarc without Carboniferous, Permian, and
complete Triassic deposits.

¢ On the cratonically sunken Prahovo block, the
Devonian basement is not drilled. Above the quartz
sandstones of the well (1,617 m), there are lime-
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stones of the middle “Lias”. The “Lias”/Upper Juras-
sic contact is marked by a terrigenous crust with
friable coal (1,319 m). Above the unconformity,
there are directly overlying synsedimentary con-
glomerate-breccia calcarenites, which contain ele-
ments of paleokarstification under the Cretaceous
cover (1,235 m).

e Between Negotin and Zajecar, the Devonian/
Upper Jurassic unconformity of the Bu-1 borehole
(1,070 m) is networked in a depth-seismic correla-
tion, in accordance with the possibilities of seismic
reflector monitoring. During the long-term post-
Devonian hiatus, both on the platform and along the
foothills, before the Alpine thrust cover, the base-
ment (Paleozoic) space was destructively reshaped
and paleomorphologically modeled into units of
different dimensions and orientations, 3-7 x 2-4 km.
The constructed configuration of the Paleozoic
paleoroof is illustrated by a depth map, for
informational reasons also marked with reverses
partially visible on the surface.

e On the platform, immediately above the Jurassic-
Neocomian base, and towards the Bu-1 borehole,
the Lower Cretaceous is of uniform sedimentation.
It consists of calcareous algae, foraminifera and
accompanying marine detritus, delimited by the
well logging to a thickness of 530 m.

e Since the beginning of the Cretaceous Period,
within parts of the tectonically unstable Carpathian
Depression, differentiated flysch with a thickness of
200-500 m was deposited zonally. With the strengt-
hening of the Laramian orogeny, primary folds of
considerable dimensions with differences were
formed, which build up the orogen and participate
in the structure of the foothills.

e With the activation of the Pyrenean phase, the
original deformations were retectonized during the
Early Paleogene, as is visible on the surface in
numerous incisions of the foothills, especially in the
Timok Gorge. A similar phenomenon was registered
in the boreholes in the Neogene base of the Kladovo
area. The lithological composition with layer incli-
nations, the paleontological content by cored inter-
vals and the thickness of the Cenomanian-"Seno-
nian" rocks are documented.

e Along the length of the Carpathian foothill,
tectonically cut off units are scale-thrust pushed and
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reverse-faulted to the literature-observed, partially
discovered abnormal contacts. Their eastern reach,
in the sense of the "Pericarpathian lineament”,
delimits the foothill and the platform along the
route, from north to south: a barrier paleomorpho-
horst Rtkovo-Korbovo - a sub-Neogene trough Bu-
rila Mare - Gogos west - Kusjak - bottom of the Ne-
gotin depression - reverse-horst Mokranje, and Kre-
menjaca near Crnomasnica, directed toward Rabro-
vo in Bulgaria.

e From the uppermost Oligocene and the begin-
ning of the Miocene, under the influence of the Sava
phase, the process of displacement of the uplifted
structures into disjunctively shaped spaces changes.
East of Kladovo, in the Vajuga-Mala Vrbica belt, the
crowded flysch base is erosively filled with
pronouncedly large, angular, and pebbly sediments,
of different petrological and genetic origin and
a matrix without fossil findings, to 250 m thick.
At Velika Vrbica, the terrigenous complex is syn-
formably directed towards the north-east, with a
bottom at a depth of 2,300 m. It is unconformably
covered by marine Badenian, so it stratigraphically
identifies as pre-Badenian s. lato. In the Zajecar
trough near Zvezdan, completely different conti-
nental terrigenous-carbonaceous sediments with
tuffs, have been determined by zircon radiometric
dating at 16.9 Ma (Karpatian Stage).

¢ At the beginning of the Badenian, due to the
disruption of the Styrian phase, marine trans-
gression spreads on a super-regional scale. In the
Kladovo area, Badenian deposits gradually cover the
erosionally dissected pre-Tertiary base and the
previously deposited continental coarse-clastic
complex. Along the foothills of the Carpathians,
especially south of Brza Palanka, a trench is formed
that spreads eastward into a dissected coral archi-
pelago. The paleogeographic connection with the
Pannonian Basin exists until the end of the Volhy-
nian with continuous oscillations of overflow-outflow
episodes accompanied by local changes in biofacies
and lithological characteristics. The greatest thick-
ness of the Badenian-Volhynian column in the
Danube meander near V. Vrbica is between 500 and
550 m. The southern reach of the indented aquato-
rium is in the Zajecar trough, up to the middle part
of the Vratarnica - Zagrade line, while the western
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part is in the south of the intramontane trough
Borska Slatina, in which the Sarmatian complex is
almost completely freshwatered.

e With the continuation of the Carpathian uplift
by the Early Attic tectonization, communication
with the Pannonian Basin was interrupted at the
boundary of the Early and Middle Sarmatian. This
geochron in the Kladovo area is positioned at the
base of the biostratigraphic interval with crypto-
mactras, which was paleontologically determined
by coring of the boreholes Vb-1 and Vb-2 at depths
of 1,190 and 1,232 m. Stratigraphic findings are
bounded by well logging correlation at depths be-
tween 1,090 (Bu-1) and 1,395 m (Rt-1). Biogenic de-
velopment according to the eastern Paratethys type,
with Mactra fabieana, M. naviculata, Sarmatigib-
bula (Barbotella) hoernesi, etc., continued with
frequent ingressive-regressive oscillations. Eleva-
tions of the epirogenic rank follow the spread of
limestone facies, in contrast to subsidence with
more pronounced cross-progradation. In relation to
the whole Sarmatian, the Bessarabian deposits have
the greatest thickness. In the Kladovo ares, i.e., the
V. Vrbica trough, they reach more than 400 m.

e Khersonian is regressive and of smaller thick-
ness with scarce fossil associations. The older mixed
limestone and terrestrial part of column contains
typical species of the eastern Paratethys such as
Mactra bulgarica and M. caspia, while the younger
horizons are characterized by brackish congerians
of the Sarmatian type with a considerable pro-
portion of freshwater mollusks. In the Negotin area,
on surface, they are found at more prominent
locations in relief. In the Kladovo area, they are
below 528 m (Vu-1) and 816 m (Rt-1), with
thicknesses up to 231 m.

e Maeotian is dominantly made by silt-marl to
fine-sand deposits and on the surface, it is spread
on erosional remains. In the marginal Kladovo
part, between Kladu$nica and Brza Palanka, Maeo-
tian makes the overflow cover above the hetero-
chronous floor. South of Mihajlovac, incomplete
parts of the column, with spatial interruptions, are
located near Negotin, and in the boreholes between
Bu-1 and Mokranje, following an arc form to Baley
in Bulgaria. The older and marginal part of the
sedimentary column rarely contains marine relics
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with Dosinia and Mytilus species. The dominant
content is Congerians-brackish and brackish-
freshwater type. The greatest thickness of Maeo-
tian deposits is in the NE meander of the Danube
and reach up to 350 m.

e On the Maeotian/Pontian boundary, by the
overflow of the Carpathian barrier, the connection
of the Central and Eastern Paratethys was restored.
From Lake Pannon, the caspibrackish fauna of
central basinal facies migrates and mutates with the
autochthonous species of the Dacian Basin. In the
Danube meander, the Pontian is much more
exposed along the arc Osojna and Golo Brdo, as well
as in the road cuts NW of Vajuga with frequent
Dreissena anusoconcha, Congeria turgida, Caladacna
steindacheri, and Osoinia planicostata. In the
boreholes Vu-1, Vb-1, Vb-2, and Rt-1, Carinato-
congeria digitifera, Paradacna abichi, Pseudocatillus
pseudocatillus, etc. were determined. In that area,
the Pontian thickness is delimited from 259 m (Vu-1)
up to 461 m (Rt-1). Southly, the regressive Pontian
is found on surface of the heights between
Mihajlovac and DuSanovac, and on the KobiSnica
plateau. It was also determined in the boreholes Bu-
1 (Bukov¢e), VI-2 (KobiSnica), and Pr-1 (Prahovo).
In the Pr-1 borehole (Prahovo) the thickness of the
Pontian reaches 353 m, and further to south it
reaches Balejsko Brdo towards Bulgaria.

eThere are no Pliocene deposits in the studied
area, and the Quaternary cover has a maximum
thickness of 30-40 m.
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Pe3ume

JlyOUHCKHU reoJIOIIKHU OJHOCH Y
Tumoukoj kpajunu, usmehy Kimagosa u
3ajeyapa (ucroyHa Cpouja): Ha OCHOBY
NOBPIIUHCKHUX, OYIIOTUHCKUX U
reopU3MIKUX NoJaTaKa

Y oBOj pedepeHIM HU3JIOKEHU Cy TeOJIOMKH
OZlHOCHU creUPHUYHUX CaZPKAjHOCTH, CA OPUTHU-
HaJIHUM CTaBOBHMMa Kao U u3abpaHUM IoCcTaBKaMa
paHujux ayrtopa. [laseoHTONOMKHA esleMeHTHU U3
BUIIE JleceTMHA HEOreHUX M3JjaHakKa W jeJHOT
Py/lapCKOT OKHA, CaXKeTo Cy 06yxBaheHu cTpaTu-
rpadpCKUM TEKCTOM, 0K Cy YKYIIHHU OYLIOTHUHCKH
noJany JyOUHCKY NMO3UIMOHUPAHU HA yHIOpeau-
BUM CJIMKaMa U TabesiaMa. Y3 reopUsudKy MoTiopy,
HapOYMTO je HarjalleHa CTPYKTYPHO-TEKTOHCKA
U nasieoreorpadcka Ay6HHCKa UHTepIpeTanyja.
Op ykynHo 30 6yuioTuHa, 26 je us Cpbuje, 10K cy
o /iBe OYLUIOTHHE U3 TPaHUYHOT mpocTopa Pymy-
Huje u byrapcke.

HajcTapuju HabymeHu cTpaTurpadcku 4iaH, U
TO Ha 3aMa/IHOM cerMeHTY Me3ujcke miatdopme, je
opAoBULUjyM. Pudeo-kambpujcku HU cTapuju GyH-
JlaMeHT OYIIOTHHCKH HHje JOCTUTHYT. OpAoBU-
[IMjyM NaJse030jCKe ,MHOTeOCHHKJINHaNE" , npeMa
y3opuuma 6yumorrHe By-1 (BykoBue), je 6e3 Hara-
meHe nopeMeheHocTu U MeTamopdusma. ApKO3HO-
Cy6apKO3HU KJIAaCTUTH [i0 JIAMUHHPAHU aJIeBpoO-
JIUTH Cafip’Ke TKUBA MPUMUTHUBHOT PUTO-IJIAHK-
ToHA. CHJIMKAaTHU KJACTUTH U NEJIUTH JeJTMMUYHO
peZlyKLIMOHe reHe3e ca cpepaMa akpuTapXu CTapu-
jer cuiypa, y MjahuM HUBOMMaA MPOCJOjEHU CY
kapb6oHaTuMa. U3mehy opgoBunMjymMa u cuiypa
HUje KOHCTATOBaHa YIJIOBHA pasJsuKa. /leBoHCke
neJIUTe YIJIaBHOM Ca TPUJIETHUM CIlOpaMa, y rop-
HbeM JIesTy cTy6a, CMewyjy GJIHIIoN/IHE HacIare mno-
YyeTHUX BEPTHKaJIHUX [IOMepama Koje ce y 6yl1lo-
tuHu 55 Chilia 7, perpecuBHo 3aBpiiaBajy m0J10-
MUTHUMA U Kpedmal[iMa ropmer JieBoHa (ciauka 3).
EMep3roHu cBoJ, naseoesieBayuje 6e3 HacJsara
kapboHa, mepMa W TpHjaca, HA MIATHOPMCKOM
noapydyjy KpajuHe BpeMeHCKM ojrosapa 6pe-
TOHCKOj ¢asu Aok cy y Kapnato-6asikaHCKOj ,ey-
re0CUHKJIMHA/IN" ca perpeCHBHUM KapbOHOM, U3-
Jl13ama CyeTcKa.
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Ha nsnatdopmckom 60Ky BykoBue, epo3ujom
JleJTUMAYHO Pa3HeTy JIeBOHCKY MOJUHY Ha 1yOUHU
1.070 m, fUpPEeKTHO NOKPHUBAjy FOPHOjYPCKHU KaJIK-
apeHUTH GOpPMHUPAHU Y HECTAOUJIHUM OKOJIHO-
CTHMa Ca CUHCEeUMEHTALMOHUM KOHIJIO-KJIACTH-
Ma, npeMa EK/| ne6/buHe 142 m. BaceHcka asieBpo-
JIMTUYHO-JIAIOPOBUTA POCUIOHOCHA HEOKOMCKA
Y Ms1abha Jjowa KpeJja y KOHTUHYUTETY ce/lJuMeHTa-
[[1je YKynHo uma Je6s6uHy o4 530 m . [opma kpesa
nyouHcku u3Haj 390 m, osipeheHa je acorujaryjom
1I060TPYHKaHa U3 MeJlallKUX Jlanopana Koju us-
rpabyjy noAUHY AUCKOPAAHTHOM HEOTE€HOM IIOKpPO-
By M3Ha/| 295 m ay6uHe (ciuka 3, Tabesa 5).*

Ha [IpaxoBckoM KpaToreHoM 6JI0KY, JeBOHCKaA
nojuHa no ny6uHe 1.627,5 m HuUje HabyuieHa.
W3Haz TBpAMX KBapLHUX Melyapa JHa OYLUIOTHHE,
YCJIOjeHHU Cy XeTepO3pHHU Nellyapy U Kpedrwaly ca
cnuprudeprma U 6eJleMHUTUMA CpeJiber Jujaca.
Ha cBojoj ropwoj rpanuny (1.319 m) obesnexxeHu cy
»,KOopoM mnasieoreorpadckor aeTputyca“ - Apo6/bU-
BOT Nelyapa, My/beBUTE IJIMHE U MPBJbEHOT YIJba.
[TocT-XMjaTyCHO NIOKPOBHU r'OPH0jyPCKU 4,0JIOMU-
TH U 6pedacTu Kpeuwalu ca Clypeina jurassica, Ha
CBOM I'OpHEM JIUCKOPJAHTHOM KOHTAaKTYy (1.235 m)
Cy najeokapcTupruKoBaHU. Me3030jCcKH, Haralie-
HO peJIlyKOBaHU CTy0, 3aBpIliaBa ce 6ACEHCKUM Xe-
TEPOreHUM KpeJJHUM CeJUMEeHTHUMa, KOju Cy y Ay-
6unu 1.051 m nojyiora TpaHCTPECUBHOM Cpe/iH0-
MHUOLIEHCKOM NOKPOBY (Cc/1HKa 4).

Y nojacy Kapnarckor npezaropja uamehy Hero-
THHA W 3ajeyapa, JyOWHCKA UHTEPIpeTaIiyja je y
CKJIaJly ca CUHTE30M T'e0JIOIIKUX U reoPpU3UIKUX
esieMeHaTta. CTpaTturpadcka JUCKOpAaHLMja ajleo
30MK/Me30304K 6yumoTuHe Bykosue - 1 (1.070 m),
CeM3MO-KOpeJIaTUBHO je yCMepeHa HajAasbe [0 y3-
Jly?’KHOT peBepCHOT KOHTAKTa yTBphHeHOr MecTH-
MHUYHO U Ha NOBPIIUHU. TOKOM CIOMEHYTOT MOCT-
JEeBOHCKOTI XUjaTyca, Tj. Ipe peruoHaJHO-UHTpa-
jypCKOr MOKpHBakba, NPOCTOP je AeCTPyKTUBHO
npeob6sukoBaH. /lybuHcka KoHUTypaluja Mo-
JleJIOBaHUX 110/iMe3030jCKUX aHTUPOPMHU OCpe/itbe-
HUX cy JuMeH3Huja 3-7 x 2-4 km, gok cy cuHdop-
Me ca UHQJIEKCHBHUM MperubvuMa mpocTpaHuje
(ciuka 13).

*KomnnetaH cTy6 6yLloTrHE Cyneprno3nLMoHo je AedUuHu-

CaH cnojeM HaBeAeHUX npwaoray AyéuHun 295 m.
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Op moyeTka Kpefie, y nojacy Kapnarckor npeg-
ropja yHyTap HecTabU/JIHUX UHTPabaCEHCKUX TPO-
roBa, YIJIaBHOM je JlelIOHOBaH moJindanrjaaiHo
nudepennupanu ¢aui. [Ipe kpaja Kpejie, jauamweM
JlapaMUjCKe TeKTOHU3alHje, IPOCTOP je HAGOPHO
M3/]M3aH Y3 CyKI,eCUBHO UCTOYHOCMEPHO OKOIHa-
Bake, 6e3 MpUCyTHe HajMmyahe Kpejie U cTapujer
nasieoreHa. AKTUBHpambeM nMupUHejcke dase, cJo-
»KeHO U3UTHYTe JlapaMujcke Aepopmaliyje cy npe
KaCHOT OJIUTOlleHa peTeKTOHHW30BaHe, U LIHPUHOM
IpeArOPHOT Mojaca KpabylITaHO NOTUCHYTE Haj-
Jla/be [0 yesa MCTOYHO-PEBEPCHOr JIMHEaMeHTa
(cnuke 5, 11).

O/ Hajropmwer oJIMTolLieHa U MoYyeTKa MUOLEHa,
cUHXpoHO Jedopmanujama caBcke ¢ase, Tpaje
IpoLleC CHA’KHe KOHTUHEHTAaJIHE J1eCTPYKILHje CBe-
YKYIHO U3JUTrHyTe reoJsiouike rpahe. Ha Kiazgos-
CKOM I0JIpy4jy, NeTPOJIOIIKH XeTepOoreH! KpyInHU
00JIyTHO-0YjUYHU U YTJIACTU OCYJIMHCKHU OJIJIOMIIH,
KpaTKOI' KOHTHHEHTAJIHOI TPAaHCIOPTa, y 1ojacy
Bajyra - Bp6uLa JUpeKTHO NOKPUBAjy TEKTOHU-
30BaHy QJIMIIHY OCHOBY Yy A€6/bUHU OCPE/HeHO
250 m (Tabesa 3). EKcTeH3MBHUM 06pa3oBameM
poBa Besnke Bp6uiie, dopmupa ce cy6-akBaTU4YHA
ce/jMMeHTalMja ca TpeH/0M 3a/leb/barba IpeMa ce-
Bepy OZHOCHO ceBeporcTOoKy (ciuka 11). Y okBU-
prMa 3ajedyapcKor poBa U UHTparopHor posa bop-
cke Cs1aTuHe, npebaieHCKU TEPUTEHH, IeTMMUYHO
YyIJb€BUTU KJIACTUTU NPOCJOjeHU aH/Ie3UTCKO-/a-
IUTCKUM TyPOBUMa, Takohe cy febsbrHe 10 250 m.
PagrioMeTpHjCcKUM JlaTHpambeM LIUPKOHA U3 Tydo-
Ba 3ajeyapcKor pyOHOT Jiejla CeJUMEHTHOT CTy6a,
y paHUjeM TeKCTy LIUTHUpaHe ayTopusauuje, yTBp-
heHa je uzortorncka crapoct 16.9 MujnoHa roJuHa
IITO OATOBAapa KapnaTCcKOM KaTy.

[lopemehajuma mTajepcke ¢ase, o MmoyeTkKa
6aseHa yHyTap [lapaTeTuca mupu ce MapuHCKa
TpaHcrpecyja. Ha KpajuHckoM npocTopy, Hapo4uTo
jyxHO on Bpse Ilasanke, 06pa3oBaH je MJIUTAK
MeJUMTepPaHCKH apxullesar, Ipuo6aJlHO-KOPaJHOT
[I0OBOJbHOI' 6HOreHOTr pa3Boja. Besa ¢ [laHOHCKUM
GaceHOM je Tpajasa /[0 Kpaja BOJUHCKOT BPEMEHQ,
6uocTpaTUrpapCcku yrnopesuBUX CaJiP>KajHOCTH.
Hajseha ne6/buHA 1esiviHe 6a/1eHCKO-BOJIUHCKOT
cTpaturpadcekor ctyba Ha KiiagoBckoM noapyyjy
koj Besnuke Bp6uie usHocu 534 m (tabesna 3).
Jy»kHU foMeT Tor pa3yheHor, orpaHuyeHo ocaahu-
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BaHOT aKBaTOpHUjyMa o 060y 3ajedapcKor poBa je
Jlo cpenokpahe BpaTapHuna - 3arpabe, a 3anagau
y IpaHUllaMa UHTparopHor posa bopcke CiaTuHe
(ciuka 12).

U3pusamem Kapnatcke 6apujepe paHo-aTHU-
KOM TeKTOHM3allujoM, MehybaceHCKa KOMYHHKa-
1jMja je IpeKMHYTa Ha rPaHMLU BOJIMHCKOT U 6eca-
pabckor BpeMeHa. Taj reoxpoH je, oBoM pede-
peH1oM, Ha KiiajoBckoM nofpyyjy Ay6HHCKU UITY-
CTpPOBaH MNO3WIIMOHUpameM Oa3e JAlOPOBUTO-
aJIeBPUTCKOT JIATyHCKOT UHTepBaJsa ca KPUIITO-
MakTpaMma (ciavka 5). Buorenu pasBoj HacTaBJ/beH
je TUIICKU 3a UCTOYHM [lapaTeTuc, U To Ha py6HOM
Y apXxuIleJlallikoM MPOCTOpPY y4yecTaso ca UHIrpe-
CUBHO-NIPEJUBHOM WJIH OJJUBHOM CeJJMMEHTALU-
joM, a y leIpecUOHUM JieJlOBMMa ca NPOMEHJbU-
BUM Jie6/bMHaMa Y OJJHOCY Ha LieJINHY CeJUMEeHTHOT
cTy6a. AKTHMBHA M3/|M3atba ENUPOreHOT paHra
npaTe JIOKaJ/IHA MOBHjamka, ToBehame Kap6boHATHUX
MpocJiojaBamka U pa3Boj KpeumhayKux buodanuja, a
yjerawma ydecTaJd NporpajlalldioOHU CerMeHTH.
HajBeha fe6/buHa 6ecapabekor notkarta y Bpouu-
KOM pPOBY OTBOPEHOM IpeMa PyMyHHUjU je y HEKO-
ko Beha oz 400 m (Tabesa 3).

XepcoHCKO f06a KapaKTepuLly KacHOaTHYKa
perpecuBHa nomepawma 1 nosehano ocnahuBame
aKBaTopHjyMa ca OCHpPOMAUIEHUM MapHUHCKUM
6uoneHo3ama. /lo kpaja xepcoHa, o GpopaMUHHU-
depa yriaBHOM cy OICTajle aMOHU]e, a 0, MUJIU-
0J1a IPBEHCTBEHO KBUHKEJIOKYJHHE, MeKyILu cy
3aCTyNJ/beHU 3aKPK/baJIUM MaKTpaMa U eyKCUHO-
OpakWYHUM KOHrepujama, npaheHu o6U/bEM XU-
Jipo6uja u mnoBehaweM OGpPOjHOCTH OCTpPaKoja.
Jy>kHU JoMeT xepcoHa mo ocu Pajar - 3sokyhe,
oTBOpeH je npema /[leneunu y byrapckoj rae je
6yuotuHoM C-12 yTBpheH no aybuHe 74 m (Ko-
JUMDGIEVA 1 ap. 1982). UctouHo o Knanoga, ge-
6/bMHA XepPCOHCKHUX Hacs1ara oBoM pedepeHLioM Jy-
OUHCKH je MHTeplipeTHpaHa OKBUPHO usMehy 137
1 231 m (cauke 5 u 11; Tabena 3).

Meor je orpanndeHo TpaHcrpecuBaH. Ha Kia-
JIOBCKOM Mo pyyjy y3 Kapnartcko mo6phe Kia-
AymHuna — [logBpuka — bp3sa Ilasanka, guckop-
JlAaHTHO NOKpHBa xeTeporeHy noaJsory. CTapuju
(Tamu) feo, BeoMa IPOMEH/bUBOT cacTaBa, 6JIMCKO
GaceHCKOM PyOY, Caip>KU MapUHCKO-OpakuiHe 610-
reHe pejiuKTe McTo4yHoOr [lapaTeTuca, yrjiaBHOM
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ca IOCMHMjaMa U MUTUJIOWJHUM MyTaHTHMa, Me-
IIaHO ca BpcTaMa NPU06aJHO-KOMHEHOT yTULAja.
Muabu py6HH, ¥ UCTOYHHU]je YKYIIHO 33/e6/basu J1a-
[IOPOBHUTO-IIECKOBUTHU CTY0, ca 6paKUYHUM eyKCU-
HO-KOHT'€pHjCKUM BpCTaMa, MIPOMEHJbUBO je ocJa-
bheH. Ha ceBepoucTtouHoM Jiesy MeaHzapa JlyHaBa
Je6/prHA MeoTa je 0 350 m (Tabesa 3, ciuka 5).
JyxkHuje, Ha KapnaTckoM npeAropjy, UJin OKpy»xy-
je cTapujy naseoMopdoJIOLIKy OCHOBY HJIH je MO-
KpuBa. 360T eNUpPOreHOT M3/U3arba, UMa TPEeH[|
nasieoreorpadckor nomMmepama npema UcToky. 0f
epo3suje je 60/be 0OUyBaH UCTOYHUje of] UHU]je Be-
auko OctpoBo ceBep - MuxajyioBan - bagmweso.
JyKHU OMeT MeoTa OrpaHUYEH je pasyheHUM py-
6oM HeroTuHcke Jenpecuje u fy>kuHoM basejckor
6paa, ycMepeHo npema byrapckoj.

Ha rpaHrM4YHOM reoxpoHy MeoTa U MOHTA, Ipe-
auBoM TDepgancke 6Gapujepe, MOHOBO je ycCIo-
CTaB/beHa KOMYHHKaluja usmehy LleHTpasHor u
Ucrtouynor [lapaTteTtuca. PernoHassna naaeoxurnco-
MeTpwuja [laHOHCKOT 3aje3epeHor mpocTopa je Behay
oZHocy Ha ToHyhu py6 Jlakujckor 6aceHa. U3 3a-
NaJHOT OJIMBHOI NPOCTOpa, KacnubpakhyHa
dayHa, NMpeTeKHO MYy/bEBUTOT JHa, Mella ce ca
BpcTtama /lakujckor 6aceHa. M3 Tor passiora, moHT
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y Tumoukoj KpajuHu obusyje TUoBMMa NaHOH-
CKOT TIOpeK/Jla U HHUXOBUM MyTaHTHMa. Cenu-
MEHTHHU MOHT je pesJlaTUBHO CTabU/IHe GpaKUYHe
3aC0/bEHOCTH, OCHUM Y jy>KHOM, aKTUBHO perpe-
CMBHOM mnpocTopy. [le6/pbrHa HajOTIYHUje pas-
BHUjEeHOT JIalOPOBUTO-NIECKOBUTOTr CTy6a y pOBY
Bennke Bp6uiie ceBepHuje oj PTKOBa, JjoCcTHXe
ckopo 500 m (Tabena 3, ciuka 5). JykHHje, pe-
rpecUBHU MOHT Haj60/be je OUyBaH yHyTap CHH-
dopmHe oce Besnnko OctpoBo - MuxajsioBar - Jly-
IaHoOBall — yHyTpallmkMU oBaJ HeroTuHcke pe-
npecuje, npema banejy y byrapckoj. Ucniog nmoHT-
CKOT aKBaTOPHUjyMa, U3/iBaja ce MaJIe00CTPBCKU HU3
CamapunoBar - [Ipucrtos (PymyHnuja) — Hoo Cesto
(Byrapcka).

Ha nesokynHoM npoctopy o6yxBaheHOM 0BOM
pedepeH1IOM IIMOLEHCKUX CeJUMEHTHHUX HacJiara
HeMa. KBapTapHe Hacsare 3acTyl/beHe Cy Ceu-
MEHTHUMa pa3JMYUTUX TeHeTCKUX THUIIOBA, Ha-
CTa/INX TOKOM IIJIEUCTOLIEHA U X0JIOLIEHA, YKYITHUX
ne6sprHa HajBuine 30-40 m.
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