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The Upper Miocene Lake Pannon marl from the Filijala Open Pit
(Beo€in, northern Serbia): new geological and paleomagnetic data

MERI GANIC', LuPKO RUNDIC!, SLOBODAN KNEZEVIC' & VESNA CVETKOV?

Abstract: This work presents major lithological, structural, paleontological and paleomagnetic character-
istics of the Upper Miocene Pannonian marl in the Filijala Open Pit of the La Farge Cement Plant near Beocin,
northern Serbia. Pannonian marl lies between the underlying heterogeneous Sarmatian deposits and the over-
lying set of Pontian sand beds and Quaternary sediments. The open pit is located on the NE range of Fruska
Gora, a horst structure with a core of Paleozoic, Mesozoic and Paleogene rocks in a complex structural pat-
tern. Pannonian sediments, which are part of a younger structural stage, deposited on the horst limbs. The
Pannonian marl strata dip at angles from 12° to 26° (to the NNW), forming a monocline. The strata deforma-
tions are a consequence of radial tectonics and are a potential source of landslides. The many mollusks (7 gas-
tropod and 9 bivalve species) and ostracodes (27 species) and their biostratigraphical position indicate marl
deposition throughout the Pannonian age. A paleomagnetic investigation established that the marl has incon-
sistent remanent magnetization (with bad statistical parameters), which originates from neoformed magnetite.

Key words: Upper Miocene, Lake Pannon, cement marls, lithology, stratigraphy, paleomagnetism,
Beocin, Fruska Gora.

Amncrpakr: Y pany cy IpUKa3aHe IVIaBHE JIMTOJOIIKE, CTPYKTYpHE, MaJICOHTOJIOMIKE M MaJleOMarHeTHe
KapaKTepUCTHKE T'OPHOMUOLICHCKUX, MAaHOHCKUX Jaropala ca MOBpUIMHCKOr kona ®uimjana y beounny
(ceBepna CpOuja). Y HOAMHY IMaHOHCKUX JAIopana Cy XeTepOreHH capMaTCKU CEJUMEHTH JIOK UM IOBIATy
YHHE MIOHTCKH TIECKOBU M KBapTapHe Haciare. [JoBpIIMHCKH KON je JIOIMpaH Ha CEBEPOMCTOUHUM MaJHaMa
Opynike rope Koja NpeACTaBba jeIAHY XOPCT CTPYKTypy usrpahleHy oJf pasiu4uTHUX Malie030jCKHX,
ME3030jCKHX W MaJICOreHNX TBOPEBHHA KOjH CE€ Haja3e y BPJIO CIOXEHUM TEKTOHCKUM OfHOCHMA. [TaHOHCKH
CEIMMEHTH KOjU NPEICTaBIbajy Aeo Mialje CTPYKTypHE eTaxe JeOHOBAaHH Cy 110 00oauMa Xopera. [laHoHCKH
JAMopIN Tpajie jeqHy MOHOKIIMHANY Y K0joj ce magHu yrao kpehe ox 12° mo 26° (mag mpema C—C3). Takse
nedopmarje ciojeBa Cy MOCIEANIAa paafjalHe TEKTOHHUKE M YeCTO MPEACTaBIbajy M3BOP MOTEHIIMjaTHUX
KIM3UINTA Ha Komy. bpojHu Mmekymim (7 BpcTa myeBa U 9 BpcTa IIKOJBKK) M 27 BPCTa OCTpakoda Kao M
BUXOB OMOCTpaTHrpadcKu MOJOXKaj, YKaszyjy Aa ce NeNO3WIHja OAWTpana TOKOM IIeJIOr ITaHOHCKOT Kara.
[MTaneomarueTHa UCTpaXkKMBama Cy MOKa3aJa Jia Jarnopliy UMajy HEKOH3UCTEeHTHY pEMaHeHTHY MarHeTH3alujy
KOja IoTH4e of TpaHc(opMmaluje MPUMapHOT MarHeTUTa y CEKyHAapHH.

Kmbyune peum: ropmu muoneH, jesepo [laHOH, IIeMEHTHH IalopIy, JUTOJIOTHja, cTparurpadwuja,
najgeomaruerusam, beounn, @pymika ['opa.

Introduction was formed as result of continental collision and sub-
duction of the European Plate under the African Plate

The area of the FruSka Gora Mountain represents during the Late Early to Late Miocene (FODOR et al.
an inselberg in the southern part of the Pannonian  2005). Late Early Miocene subsidence and sedimenta-
Basin, which extends between the Alps, Dinarides, tion was an effect of the syn-rift extension phase that
and the Carpatho-Balkanides. The Pannonian Basin  resulted in the formation of various grabens filled by
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thin sin-rift marine and brackish deposits (HORVATH &
RoYDEN 1981). The Pre-Pannonian (Late Miocene)
unconformity is an effect of the first early post-rift
phase of basin inversion that occurred during the Sar-
matian (HORVATH & TARI 1999). Later, a quiet and
slow thermal subsidence occurred combined with an
uplift and erosion of the neighboring mountains
(HORVATH & ROYDEN 1981; HORVATH et al. 2006;
ScHMID et al. 2008). This post-rift sinking was com-
pensated by intensive sedimentation in the caspi-
brackish Lake Pannon during the Late Miocene (Fo-
DOR et al. 2005; CLOETHING et al. 2006; HARZHAUSER
& PILLER 2007). The tectonic events that formed the
Pannonian Basin also affected the structure of the
Neogene deposits on the northern range of Fruska Go-
ra, which were deformed mainly by radial tectonics
(MAROVIC et al. 2007). Still, deformations that are
more complex have been noted in the Upper Miocene
and Pliocene nearer to the Danube, in the influence
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zone of the regional fault that separated large blocks:
the uplifted structures of the FruSka Gora horst from
the southern Backa depression (MAROVIC et al. 2007).
Examples of strong deformations are located above
the right bank of the Danube River and in the northern
part of the Filijala Northern Field, which, at present, is
the main worked deposit of the Beo¢in Cement Plant.
This resource has been known since 1838 and worked
from 1869. It is located on the northern Fruska Gora
range near the piedmont, above the Danube. The marl
deposit is worked in three fields unequal in size and
degree of exhaustion: (1) the Northern Field, the larg-
est, oldest and most exploited field, (2) the Middle
Field or Interfield and (3) the Southern Field (Fig. 1).

The FruS$ka Gora Mountain was the focus of geo-
logical interest in the second half of the 19th century.
Information on the initial geological prospecting of
Fruska Gora was given by LEnz (1874), KocH (1876,
1896 and 1902), who gave the first integral descrip-
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Fig. 1. The geological sketch map of the BeocCin town area, with position of the geological cross-section and the studied

boreholes.
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tion of the geology of Fruska Gora and the first geo-
logical map on the scale 1:100000. R. HORNES (1874)
studied mollusks from cement marl near Beo¢in. Much
later, CicuLic (1957, 1977), CICULIC-TRIFUNOVIC &
Raki¢ (1971), PETKOVIC et al. (1976), STEVANOVIC &
Papp (1985) wrote important contributions to the study
of the stratigraphy of Fruska Gora. More recently, geol-
ogy, stratigraphy, marl resource and quality of the
Filijala property, and the chronostratigraphy of the Pan-
nonian, were studied by DRASKO et al. (1998), DurIC
(2005), RuNDIC et al. (2005), SiMIC (2005), GANIC et al.
(2009) and BORGH et al. (2010).

This work presents new structural and stratigraph-
ic—paleontological data for the Filijala property based
on observations in the field and on drill-core analysis,
as well as paleomagnetic measurements and interpre-
tation.

Materials and methods

Data presented on the geological map and structural
cross-sections were collected in all three fields of the
Filijala Open Pit, where azimuths and dip angles, and
fracture and fault positions were successively measured.
Data from boreholes B-150/75, B-153/75, B-157/75,
B-184/95, B-9/01, B-10/06, B-14/06, B-17/06, B-19/06,
B-1/07, B-2/07, B-3/07, B-6, B-8, B-10, B-13 and IB-9
were used. Information was plotted on a geodetic plan
on the scale 1:25 000, and cross-sections drawn, to be
reduced to the scale and prepared for print.

Mollusks were identified from 18 samples and col-
lected from the all three Filijala Pit fields, and from
boreholes B-8 and IB-9. For a more precise stratigra-
phic position and biostratigraphic control, five marl
samples were examined on ostracodes. Paleomagnetic
measurements were conducted in Pannonian marls on
the northern and southern margins of the Filijala
Northern Field (BCP LAFARGE, Beocin).

Twenty two fresh cores, light-grey in color, were
drilled in four sections inclined about 10° to the north.
The cores were oriented by means of a geological
compass. Several samples cut from each core were
examined in detail in the laboratory. For measurement
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of the initial magnetic susceptibility and the anisotropy
of the susceptibility (AMS) in the low-intensity field
(in fifteen positions) KLY-2 kappabridges was used
with relevant software support. The line, direction and
intensity of the remanent magnetization (RM) were
measured using a JR-5 spinner magnetometer (in four
positions) within the domain of the natural remanent
magnetization (NRM) and after each step of demagnet-
ization. A Schonstedt thermal demagnetizer was used
for thermal demagnetization of the specimens, and an
AFD300, Schonstedt AF and an LDA 3A demagnetizer
were employed for the alternating field demagnetiza-
tion. Magnetic minerals, the bearers of characteristic
RM, were identified using KLY-2 kappabridges com-
plete with a Curie temperature measuring device, pulse
magnetizer and spinner magnetometers JR-4 and JR-
5A. The demagnetization data were processed statisti-
cally following standard paleomagnetic procedures
(KirscHVINK 1980; FISHER 1953).

Geology of the Filijala Pit property

The area of the Filijala Pit property occupies a seg-
ment of the northern Fruska Gora horst. Paleozoic and
Mesozoic rocks and Paleogene igneous rocks that
form the basement constitute the horst body with
Neogene sediments on its lateral sides. The basement
rocks of Fruska Gora form a very complex structural
pattern with features of most diverse folding and radi-
al deformation.

Neogene sediments form a younger structural stage
and are distributed on the slopes and piedmont of the
Fruska Gora horst. In the Beocin area, the Neogene is
part of a large range and foothill belt of northern Fruska
Gora (Fig. 1). While the older Miocene beds are nearer
to the Pre-Tertiary core of Fruska Gora in the south,
younger stratigraphic members of the Neogene extend
northward to the Danube River. Sarmatian sediments
were identified in boreholes SE in the Filijala and
exposed on a hill above the Filijala Southern Field in
Beotin Village, in the Cerevi¢ Stream valley (between
Veliki Komesarovac and Mali Komesarovac heights)
and elsewhere (Fig. 2). The Sarmatian consists of het-
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Fig. 2. Geological cross-section A-B through the Miocene sediments on the Filijala Open Pit near Beoc¢in. Legend:
1, Sarmatian (only in cross section) laminated marl, sandy marl, banded silty marl and siltstone, marly sandstone, stratified
sandy limestone, lenses of conglomeratic marl, coaly clay, etc.; 2, Pannonian marl; 3, Pontian sand; 4, Pleistocene loess;
5, Holocene alluvial-prolluvial deposits, recent delluvial deposits and artificial deposits.
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erogeneous strata, a succession of commonly laminat-
ed intrabasinal marl, banded marl, sand-conglomeratic
marl, limestone and stratified sandy limestones.

Pannonian sediments are apparently conformable
over the Sarmatian, developed in marly facies, associ-
ated with cement marl in the Filijala property (only at
borehole B-9/01 in the Southern Field). At the contact,
the Pannonian strata consist of compact sandy marl.
Upward follows bedded or thick marl in a total thick-
ness of 200 meters (Figs. 2 and 3).
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Lithostratigraphy

The whole Filijala Pit, all three worked fields, is
formed of Upper Miocene and Quaternary deposits.
Before the mining began, almost the entire terrain of
the property had a Quaternary cover, but the long
exploitation has uncovered the Neogene sediments,
especially the units containing the mined raw materi-
al for the cement plant. The Sarmatian deposits under
the productive strata, they themselves being gangue in

the cement production, are not

D exposed on the surface any-

56° where within the borders of

the property. They were found
only in exploratory boreholes
(IB-9 and B-9/01) located SE
of the property, in the Casor
Stream valley. It was inferred
based on borehole sections,
observations and mapping that
the Sarmatian deposits under-
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lie the Quaternary in a narrow
tract on either side of the
Casor Stream, SE of the delin-
eated area. Further WNW, the
Sarmatian sediments lie under
the Pannonian marl. Beds of
the Sarmatian and Lower Pan-
nonian sediments, being pro-
visionally conformable or
without visible angular discor-

Fig. 3. Geological cross-sections C—D and E-F through the Miocene sediments on
the Filijala Open Pit near Beoc¢in. Legend: 1, Pannonian marl; 2, Pontian sand; 3,
Pleistocene loess; 4, Holocene alluvial-prolluvial deposits, recent delluvial deposits

and artificial deposits.

Near Beocin, the Pannonian marls are also located
west of the Filijala. In addition, these deposits are
present at the surface or under the Pontian on the local
heights of Tanco$, Mali Komesarovac and Belo Brdo,
designated as cement marl prospects.

Near Beocin, the Upper Pontian/Portaferrian beds
unconformably and transgressively lie over the Upper
Pannonian marls. They consist of sand, interbeds and
lenses of sandy siltstone and gravelly sand, in small
“oases” on the Filijala northern border (Figs. 1 and 2)
and in larger areas on the Tancos and Belo Brdo hills
west of Beocin. The Pontian deposits are highly vari-
able in thickness, more than fifty meters thick near
Cerevié, west of Beogin.

dance, dip in almost the same
direction (Fig. 2). As the Lo-
wer Pannonian exposures in
the Southern Field have dip
angles of about 20° to the
NNW, the older Sarmatian
layers presumably have the
same dip direction. Tracing
the inclination of the Neogene
deposits, or the SSE-NNW
azimuth, the Sarmatian layers
dip in the same direction.
Hence, even the deepest bore-
hole did not enter Sarmatian rocks in the Northern
Field. The measured section of borehole IB-9 and of
the exposed deposits in the bordering areas indicated
heterogeneous lithology of the Sarmatian (Fig. 4).
Lithologically, it consists of laminated marl, sandy
marl, banded silty marl and siltstone, marly sand-
stone, stratified sandy limestone, sand-gravelly marl
lenses, coal clay, efc. The coal clay lies at the bottom
of IB-9, between 14 m and 15 m deep, on the right
bank of the Casor Stream (Fig. 4). The identified fos-
sil fauna were Pirenella picta (DEFRANCE), Ervilia cf.
dissita (EICHWALD), Cerastoderma sp.

Pannonian deposits have the largest distribution in
the Filijala property, particularly in the largest mined
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Age Description
HOLOCENE 10 : Mars.h-dlluwal.sedlmfents. silts
_2 - | Alluvial-proluvial sediments,gravelly clay
> | Sand-gravelly marl and conglomerate
bearing
Pirenella sp., marine-brackish sediments
| Sandy limestones bearing Pirenella picta

SARMATIAN

Laminated sandy marl

| Carbonate sandstone
— Coaly clay
~ | Sandy marl

== Coal layer in coal clay

Fig. 4. Measured section of borehole IB 9 in the Casor
Stream (near Southern Field of the Filijala Open Pit).

Northern Field. Unlike the heterogeneous Sarmatian
sediments that frequently vary in both the horizontal
and vertical directions, the Pannonian deposits are
uniform in composition, represented by marl facies.
They are sandy, hard at the boundary with the Sar-
matian. The rest of the sequence consists of true marls
to the boundary with the Pontian sandy beds.

The lower level of marls (Slavonian, sensu STEVA-
NovIC) is located in the mined Southern Field and
probably is covered in the transitional area from the
Southern Field to the Northern Field. It is marked by
fossil fauna of scarce small gastropods, bivalves and
ostracodes. These marls in the Southern Field are
platy, then bedded and relatively hard, locally sandy
with the occurrences of beds of indurated carbonate
sandstone and marly siltstone. The average amount of
CaCOj in the lower Pannonian marls of the Southern
Field is 62.55 %.

The upper set of the Beocin marl beds (Serbian,
sensu STEVANOVIC) is developed in the northern part
of the Middle Field and in the Northern Field. The
marl deposits of the Upper Pannonian form thick
beds, or rather groups of beds, rarely partly massive
and less indurated on average than the lower Pan-
nonian marl. The average CaCO; in the Northern
Field marls is 64.42 %. Upper Pannonian marls of the
Northern Field include interbeds and lenses entirely
different from the enclosing rocks. In exposures of the
Northern Field, the interbeds of ferruginous silty sand
are 10 cm or thinner, for example in observation
points determined by the coordinates 45°12°12” N,
19°44°40” E and 45°12°08” N, 19°44°38” E (eastern
border of the worked field). Sand or even gravel
interbeds in massive marl deposit are found in some
boreholes of the Northern Field. For example, a layer
of sand-marl conglomerate, depth interval from 60 m
to 61.1 m in borehole B-6, included pebbles of quartz,
chert, serpentinite, Cretaceous sandstone, efc.; in bo-
rehole B-8 depth interval from 51.2 m to 53 m, a layer
of marly sand succeeds gravelly-sandy marl. Note that

these beds, as do the common Pannonian deposits, have
a dip direction to the NNW. Minor local sand/gravel
interbeds are wedges in marlstones, which deserve con-
sideration because, being permeable, they may contain
water and under certain conditions may disturb the sta-
bility of slopes. The landslide uncovered marl beds,
which were the parting plane, with the dip elements
340/18 (45°11°51” N, 19°44°20” E, altitude 204 m).

In respect to granularity, sediments in the Filijala
Open Pit property are classified as clay-silt deposits
based on petrographic examination of samples from
different parts of the marl deposit. The sand con-
stituent is negligible, except in the mentioned lowest
horizons and in small local interbeds and lenses. Con-
sequently, Pannonian marl from the Filijala property
should be taken for fine silt-clay material, micrite, or
mudstone. Microcrystalline calcite is the essential
mineral constituent varying between 60 % and 67 %
on average. The non-carbonate proportion of the marl
consists of quartz, hydromica, montmorillonite, feld-
spar kaolinite, limonite goethite and organic matter.

The Pannonian deposits generally have a dip direc-
tion from SSE to NNW at a gradually changing angle:
about 20° in the Southern Field, 18° in the centre of the
Interfield to 26° at the northern border of the Interfield.
Following the azimuth, the marl dip angle in the North-
ern Field lessens to 12° or 14° in the northern pit slope.
Within the confines of the marl deposit, Pannonian
marls continuously dip to NNW from the southern bor-
der of the Southern Field, increasing in thickness to
about 200 meters at the Ostra Glavica Hill. However,
long excavation of marl in a large area of the Northern
Field has reduced its natural thickness to the base bench
level at an altitude of 110 m. The greatest thickness of
about 109 m was measured in borehole B-19/06, which
ended in Pannonian marl (Fig. 3).

While seemingly monotonous over a wide area,
Pannonian marls vary upward in the lithostratigraphi-
cal section. Pontian sediments are the youngest Mio-
cene stratigraphic unit in the Filijala property, which
once covered it completely, but have naturally eroded
and remained only in the north of the Northern Field.
Through its mining history, however, most of Pontian
deposits have been removed as mine waste, with only
“oases” of Pontian left on the Ostra Glavica Hill and
on the northernmost border of the property.

The Upper Pontian deposits of the Portaferrian sub-
stage (STEVANOVIC 1990) in the Filijala are transgres-
sive and unconformable over the Upper Pannonian
marl. These deposits have deep angle between 5° and
8°. The Upper Pontian strata consist entirely of sandy
sediments, distinctly different in lithology from the
older Pannonian marls. Pontian deposits begin with a
layer of ferruginous silty sandstone, abounding in
characteristic Portaferrian fossil fauna, over Pannoni-
an marl. Upward follow cross-laminated grey-brown
sand, lenses of gravelly sand and silty sand to the
Quaternary loessoid (loess-like) deposits.
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Fig. 5. Synthetic column of the Miocene sediments of the Filijala Open Pit. A, Outcrops at the Southern field; B, Lower
Pannonian marls with Gyraulus praeponticus; C, Outcrops at the Middle field; D, Marls with Congeria banatica; E, Fossil
fish at bedding surface; F, Outcrops at the Northern field of the Upper Pannonian marl; G, Fault in the Northern field;
H, The peak Ostra glavica (Northern field) where there is a fault on the last layer that separates Pontian sand (left) and
Pannonian marl (right); I, Contact between Pontian sand and Pannonian marl in the fault zone near the peak Ostra glavica
— the Northern field.
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The Pontian deposits lie over the Upper Pannonian
marls on the Ostra Glavica Hill at altitudes over 175 m.
Here, Pontian sands build up the last bench in the
northern slope and continue upward to the Pleistocene
boundary in a thickness of some 15 meters. In a small
depression between the two tops of the hill, Pontian
deposits fill a trench to the Pannonian marls (altitude
125 m) behind the highest bench above the northern
pit slope.

The Northern Field has several identified faults that
influence the morphostructural pattern. A fault in the
strike direction ENE-WSW is at present in the base
bench in the northern slope face and a similar minor
fault in the northern slope (Fig. 5G). Open sections
near the northern slope and in the new boreholes indi-
cate a number of faults. A fault closes a small but rel-
atively deep trough that is closed in the south by a
fault of ENE-WSW trend (Fig. 6). The fault is locat-
ed in a high bench where, along the same elevation, it
separates the zone of Pannonian marl development in
the south from the zone of the younger Pontian sand.
The trough is closed by faults striking NNW-SSE
(western) and ESE-WNW (eastern), which on the
plan give the trough the shape of an elongated inequi-
lateral triangle.

Ostra Glavica Hill

earlier, but, unfortunately, they have been lost. A very
well-preserved fossil fish (Fig. 5SE) was recently dis-
covered in a landslide scar north in the Middle Field.

Fossil mollusks and ostracodes may be used in dat-
ing the Lower Pannonian, the so-called Slavonian sub-
stage (Slavonian, sensu STEVANOVIC), and the Upper
Pannonian (Serbian, sensu STEVANOVIC).

The Lower Pannonian (Slavonian) is developed in
the Southern Field. Its fossil content consists of
scarce, small gastropods, notably of the Lymnaeidae
family: Radix croatica (GORJANOVIC-KRAMBERGER)
and Radix kobelti REUSS, then Gyraulus praeponticus
(GORJANOVIC-KRAMBERGER) (Fig. 5B), Limnocardium
praeponticum (GORJANOVIC-KRAMBERGER), Paradac-
na cekusi (GORJANOVIC-KRAMBERGER) etc. in the lo-
wer horizons, and Undulotheca pancici (GORJANOVIC-
KRAMBERGER), Undulotheca halavatsi KocH, Gyrau-
lus praeponticus (GORJANOVIC-KRAMBERGER) and
others in the upper horizons. The assemblage of ostra-
codes identified from the Southern Field includes Am-
plocypris ex gr. acuta KRSTIC, Herpetocyprella auric-
ulata (REUSS), Cypria sp., Candona (Candona) sp.,
Candona (Propontoniella) sp., Candona (Thaminocy-
pris) improba KRSTIC, Candona (Typhlocypris) fossu-
lata (POKORNY) and Loxoconcha sp. Younger horizons

of the Lower Pannonian are de-
veloped in the north of the

Fig. 6. Geological cross section in Ostra Glavica, northern border of the Filijala Open
Pit. Legend: 1, Pannonian marl; 2, Pontian sand; 3, Pleistocene loess; 4, Holocene
alluvial-prolluvial deposits, recent delluvial deposits and artificial deposits.

Fossils in cement marls

Marl samples collected for examination contained a
relative abundance of mollusks (gastropods and bival-
ves), a few fish and floral remains and numerous ostra-
codes. Fossil fish and fossil turtle are known from pre-
vious excavations in the pit (DURIC 2005). The remains
of a fossil proboscidean were excavated some years

2y Southern Field and probably
also in the boundary area of the
180 Southern and Middle Fields,
presently under the embank-

160 ment of the old waste dump.
The Upper Pannonian (Ser-
140 bian) contains abundant mol-
lusks with the specific domi-
120 nance of Congeria banatica R.
HorNes (Fig. 5D), Congeria
100 subdigitifera STEVANOVIC, Pa-

radacna syrmiense R. HORNES,
Provalenciennius pauli R.

8a N ; .
HORNES, Provalenciennius sp.

and Gyraulus cf. praeponticus
4 (GORJANOVIC-KRAMBERGER).

The ostracodes identified from
the Northern Field are Herpe-
tocyprella hieroglyphica (ME-
HES), Amplocypris acuta KR-
STIC, A. major KRSTIC, Cypria
cf. serbica KrsTIC, Cypria sp.,
Candona (Serbiella) gr. kolu-
barae KRrSTIC, Candona (Zalanyiella) buchi KrsTIC, C.
(Z.) rurica KrsTIC, Candona (Caspiolla) prebalcanica
posterior KrSTIC, C. (C.) alasi beocini KrSTIC, Can-
dona (Typhlocypris) sp. 1, Candona (Typhlocypris) sp.
2, Candona (Reticulocandona) reticulata (MEHES),
Candona (Typhlocyprella) cf. ankae KRSTIC, Candona
(Lineocypris) sp. and Hemicytheria sp. A similar asso-
ciation was identified from the Middle field, which
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additionally includes Amplocypris sincera ZALANYI
and A. cf. marginata SOKAC.

Paleomagnetic survey

Paleomagnetic measurements within the domain of
the NRM indicate very low magnetic susceptibility
and remanent magnetization of the Pannonian marls,
a result of the low magnetic strength of minerals (Tab.
1). On a stereographic projection of ellipsoid AMS
axes, the k;, axes are crowded near the centre of the
equatorial projection, in the geographic and structural
systems, which indicate a remanent magnetization
induced through the process of compaction (Fig. 7,
Tab. 2).

Table 1. Initial magnetic susceptibility, remanent magneti-
zation and polarity of the Pannonian marls after the process
of demagnetization.

Filijala (YM 3044-065)
Susceptibility (10% Sl) Intensity(lO‘SA/m) Polarity kRM
min max int min max
38.07 53.18 44.88 7.32 58.7 N

Table 2. Magnetic properties of the Pannonian marls from the Filijala surface mine.
Positions of the AMS ellipsoid axes (Kyax> Kine kmin) are expressed by declination (D)
and inclination (), anisotropy (P), lineation (L), foliation (F) and measurement reli-

ability parameters (e|,, e,3 and e;3).
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Fig. 7. Equatorial projection (on the lower hemisphere)
kax (square), k., (triangle) and k;, (circle) of the AMS
ellipsoid axes for individual marl samples from the Filijala
Open Pit. Left: before correction for tectonics and right:
after correction for tectonics.

alternating magnetic field and/or heating. The demag-
netization steps were small, 2-3 mT or by 10 °C (Fig.
9), due to the low initial RM intensity. Thermal
demagnetization, at temperatures exceeding 400 °C,
caused pyrite oxidation and led to its transformation
into magnetite. The newly formed magnetite grains
induced chemical remanent magnetization during
cooling along the ambient field (Fig. 8.C and Fig. 9).

Statistical processing of the demagnetization data
did not give any RM direction sufficiently uniform for
a definition of the primary
RM. The heterogeneous direc-
tions of the RM independent
of the cores are due to the
transformation of a primary
magnetic mineral into a sec-

Filijala (geographic orientation)

ke ki ki P | L F
D? ° D®° ° De I° % % %
976 -8.0 87 79 1427 787 1.10 0.24 0.86

Filijala (tectonic orientation)

ki, ki P | L F
D° 5 De I° De I % % %
97.7 1.5 80 -122 09 77.7 1.09 024 0.85

Hematite (Fe,O;), determined by mineralogical
and petrological tests, was not confirmed by standard
magnetic measurements, which was why special
experiments for inducing isothermal remanent magne-
tization (IRM) and thermal demagnetization of the
composite IRM were applied. The measured NRM
and IRM values and the behavior of the magnetic sus-
ceptibility during heating indicated magnetite
(Fe304), whereas the participation of hematite in the
total RM of the marls was excluded (Fig. 8).

With the initial NRM measured, it was decided to
demagnetize all samples from the southern and five
samples from the northern pit borders by means of

ondary mineral.
statistical stability

e,(0) | ex(®) | €3(°)
14.1 2.2 6.7

Discussion

Pannonian marls on the
northern ridges of Fruska Go-
ra Mountain formed during
the early phase of evolution of
the Lake Pannon (MAGYAR et
al. 1999; MAGYAR et al. 2007),
in which a mesohaline/oligo-
haline lake formed related to the isolation of the
Pannonian domain and fresh water inflow. Mollusks
and ostracodes carried from the surrounding rivers
and lakes into this lake modified to the slightly brack-
ish environment and together with the few adapted
marine species formed an endemic community (simi-
lar to that of the present-day Caspian Lake). The prin-
cipal mass of calcium carbonate in the Beocin marl
presumably formed through the chemical process of
carbonate precipitation in the warm, mildly agitated
aquatic environment saturated with bicarbonate solu-
tion. The chemogenetic carbonate mud mixed with
inflown clay and clay-sand clastic materials (silicates)

statistical stability

e(°) | e3(°) | e;(°)
12.6 29 6.7
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Fig. 8. Magnetic mineralogy. Diagrams of the magnetiza-
tion-bearing mineral behavior during the magnetic field
control and heating in the laboratory. Key: A, IRM acqui-
sition behavior; B, The three-component IRM (Lowrie,
1990) behavior on thermal demagnetization. The hard
(square), the medium hard (dots) and soft (circle) compo-
nents of the composite IRM were acquired in fields of 1 T,
0.36 T and 0.2 T, respectively; C, Susceptibility variation
with heating.

produced a carbonate-clay composite that later lithi-
fied into marl. The morphologic features of the fossil
fauna give evidence of the depositional environment
that produced the marls (MAGYAR et al. 1999;
MAGYAR et al. 2007). Ostracodes and other fossils
with mostly thin carapaces and their morphology indi-
cate to their existence in calm water (RUNDIC 1998,
2006). There was an opinion that the uppermost marl
at the contact with the Upper Pontian sand was transi-
tional from the Upper Pannonian to the Lower Pontian

(CreuLic 1977). It was explained that grey marl with
Valenciennius pauli R. HORNES, Congeria banatica R.
HORNES of the Upper Pannonian was succeeded by
pale-yellow marl with Congeria banatica R. HORNES,
Limnocardium syrmiense R. HORNES, Paradacna
lenzi (R. Hornes), Plagiodacna cf. auingeri (FUCHS),
Congeria cf. zagrabiensis BRUSINA, which could have
marked the boundary between the Upper Pannonian
and the Lower Pontian. Above, there is a layer of fer-
ruginous sand bearing Upper Pontian faunal fossils
including the frequent Melanopsis decollata StO-
LICZKA, Congeria zagrabiensis BRUSINA, Congeria cf.
rhomboidea M. HORNES and Caladacna steindachneri
(BrusiNA). The fossil fauna and some lithological and
structural characteristics were used to date the Early
Pannonian (Slavonian, sensu STEVANOVIC) deposits in
the Southern Field and the more widespread Late
Pannonian (Serbian, sensu STEVANOVIC) in the Middle
and Northern Fields. Generally, different characteris-
tics of the investigated mollusk and ostracode species
indicate stable conditions in a relatively deep-water
environment. The common findings of Congeria
banatica as well as C. subdigitifera point to deeper
(basinal) development whilst the association with
Limnocardium, Valenciennessius and Paradacna indi-
cate a more shallow-water, sublittoral influence
(MAGYAR et al., 1999). In addition, ostracode associ-
ations with smooth, thin and elongated forms of cara-
pace suggest a calm deeper environment. Based on the
results of stable isotope data from mollusk’s shells,
the climate in the Lake Pannon was changeable. The
Early Pannonian was a period with an arid, subtropi-
cal climate that was followed by a more humid cli-
mate during the Middle (“Upper”) Pannonian
(HARZHAUSER et al. 2007). All the analyzed fossil
assemblages indicate a mesohaline sublittoral envi-
ronment of the Lake Pannon. The salinity of the lake
water was estimated as 8—16 %o. This is quite compa-
rable to the recent sublittoral zones of the Black Sea
and Caspian Sea (CzICZER et al. 2009).

Generally, the Pannonian deposits in the Filijala
property have a dip direction to the NNW, only form-
ing a gentle flexure (Fig. 2) at the Middle/Northern
Field border. From the initial 20°, the deposits have a
smaller dip angle in the central Interfield, again an
increase in the inclination to the southern border of
the Northern Field, and a lowering of the dip to the
northern property border. Gentle flexures in the Pan-
nonian marl may be explained by tectonic events that
caused differential block faulting of the older geolog-
ic units under the marls. The molding of the marl
probably evolved through the Lower Pontian, after the
deposition of the Pannonian marl, when sedimenta-
tion ceased in the BeocCin area due to an uplift of a part
of Fruska Gora. Pannonian marl, still fresh and ductile
sediments, possessed plasticity to form gentle flexures
adjusting to the new underlying morphostructure
without themselves being block faulted or displaced.
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Another type of deformation features prevailing in
the structural pattern of the Neogene deposits are dif-
ferent fractures and faults, the products of radial fault-
ing (Fig. 5QG). Fractures are visible everywhere in the
exposed marl beds in the open pit. Interlacing frac-
tures usually form two perpendicular systems: (a) one
in the dip direction, SSE-WNW or slightly deviating
from it and (b) the other transversal to the primary
system of fractures. Diagonal fissures are present
locally in more heavily crushed areas, which traverse
the bedding planes at an angle.

There also are interstratal fissures along natural dis-
continuities between bedding planes, in the open pit
easily filled with groundwater, the so-called fissure
aquifers. A number of “springs” occur in the cross-
points of interstratal and longitudinal fractures, for
example below the slide face in the southern part of the
Northern Field, in the observation point determined by
the coordinates 45°11°56” N and 19°44°19” E.

The areas of visible fractures and much crushed
deposits are always potential landslides. Such an area
is where fractures and small faults form networks
(block faulting 1 m high) in the north of the Middle
Field and the south of the Northern Field (Fig. 5G).

Potential gravity slides in the Filijala property are
related to the structural pattern and dip to the NNW of
the Neogene deposits, the nature of rocks and long
uncontrolled exploitation in the northern part of the
marl deposit. Two potential landslide areas are identi-
fied: (1) fault zone at the contact of the Pannonian marl
and the Pontian sand at the base of the Ostra Glavica
Hill (Fig. 5H, I) and (2) the steeper-sloping part of the
flexure in the border area of the Middle and Northern
fields (Fig. 5C). Slides develop in places of pressure
relief of removed artificial deposits, which leads to
relaxation of the rocks and to fracturing along natural-
ly predisposed discontinuity surfaces. Slides of this
type usually develop under the effect of abundant rain
or melting snow, when water infiltrates along the fault.
A newly developed slide in the north of the Middle
Field has exposed how colluvial gravity materials
broke and divided marl beds along the fracture surfaces
into square or polygonal flat-faced sharp-edged blocks.

The most complex structural geology in the Filijala
property is found above the northern slope of Ostra
Glavica. Several faults near the unconformable Pan-
nonian/Pontian contact and within the Pannonian marl
controlled the formation of a particular structural pat-
tern. It could be suggested as the phase of post-Sar-
matian basin inversion and later, the post-rift subsi-
dence combined with uplifting (HORVAT et al. 2006).

Negative results of the paleomagnetic study of marls
in the Filijala Northern Field was surprising consider-
ing the promising preconditions: known stratigraphic
age, comparatively gentle slope of the beds, detailed
petrological and mineralogical studies additionally
based on the new exposure of the lower section and,
finally, the suitable of marl for paleomagnetism. For

this reason, Pannonian marls were “measured” once
more west of the Filijala property under the magne-
tostratigraphic survey on the Belo Brdo Hill. The
obtained results were practically the same. Low and
isotropic magnetic susceptibility (10-5 SI), the intensi-
ty of the RM, which varied along the entire core (of
10-6 to 10-3 A/m), unstable directions of the character-
istic RM and variable angle of inclination. These are all
parameters that indicate an environment with variable
physical-chemical conditions (oxidated water), during
which constant transformation of magnetic mineral
bearing the remanent magnetization occurs. An infer-
ence based on the correlation with the paleomagnetic
data for the Pannonian—Pontian locations in Croatia
(VASILIEV et al. 2007; BABINSzKI et al. 2007), Hungary
(BaBINSzKI et al. 2007) and FruSka Gora is that sedi-
ments with magnetite that bears remanent magnetiza-
tion are not capable of “bearing” a coherent magnetic
signal, because the RM was induced during the forma-
tion of secondary magnetite. If the bearer of the rema-
nent magnetization is primary magnetite, it is low and,
consequently, the “remanent signal” very weak, often
additionally burdened by “magnetic disturbance” due
to the presence of pyrite. Overall, the general paleo-
magnetic direction of Pannonian—Pontian deposits in
the Pannonian domain coincides with the actual direc-
tion of the geomagnetic field, which indicates that the
remanent magnetism is of a recent date. In contrast,
fine-grained Pannonian—Pontian deposits with greigite,
formed through the early diagenetic process, mostly
possess a harmonized paleomagnetic signal, often of
reversed polarity, with a declination deviating from the
recent Earth’s magnetic field due to the rock mass rota-
tion around the vertical axis (MARTON et al. 2002a, b;
MARTON & FODOR 2003).

The latest magnetostratigraphic prospecting of Pan-
nonian marl in the Filijala property has been started
(BORGH et al. 2010) and is expected to produce addi-
tional information on the marl chronostratigraphic posi-
tion and the time of the isolation of the Lake Pannon.

Conclusions

The open pit Filijala is located on the NE ridges of
Fruska Gora, near the Danube, over a surface area of
792563 m2. It consists of three unequal in size work-
ed fields (the Northern Field, the Middle Field or
Interfield and the Southern Field). The entire marl
deposit belongs to a belt of the late Neogene and
Quaternary on the margin of the large horst morpho-
structure of the Fru§ka Gora Mountain.

Most widespread in the Filijala property are the
Pannonian deposits of the Upper Miocene, which are
apparently conformable over Sarmatian sediments
(recently, more precise data concerning the nature of
the Sarmatian/Pannonian boundary are missing).
These deposits are present in the facies of marls,
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which are mined and used in the cement works. The
distribution of the Pannonian marls is about 1.5 km
long, and their assumed thickness is more than 200
meters. The marls dip in the Southern Field by about
20°, then 18° in the central Middle Field, slopes at 25°
or 26° in the border area of the Middle and Northern
Fields, and the dip continuously decreases across the
Northern Field to some 12°. In the geological section,
marl strata in the Filijala have the shape of a gentle
flexure (monocline).

Elements of radial tectonics, dominantly systems of
fractures and small faults (of very small throws), are
recognized in the property. Major deformations by
appreciable differential block faulting were formed on
the Ostra Glavica Hill in the north of the property area.
Surface landforms are related to these faults. There is a
small but deep trough in the form of an elongated
unequilateral triangle. The down-thrown block in the
trough is formed of Pannonian marl and Pontian sand.
The depth of the subsidence is not uniform, being the
greatest in the B-1/07 area west in the depression. A
correlation of Pannonian—Pontian strata from a bore-
hole in the trough and from rises above the trough indi-
cates differential faulting (heave and throw) of 35 to 50
meters. The folding structures, monoclines and flexures
presumably formed at the time when the marl was still
unsolidified (probably during the Early Pontian when
sedimentation ceased as a result of uplifting). The
widespread system of fractures and faults, and the
trough in the Ostra Glavica Hill developed later in rela-
tion to the radial faulting during the Pliocene and early
Quaternary (Pleistocene).

All analyzed fossil assemblages indicate a mesoha-
line, basinal development of the Lake Pannon. The
salinity of the lake water was estimated as 8—16 %o,
which is quite comparable to the recent zones of the
Black Sea and Caspian Sea.

By a paleomagnetic investigation, it was estab-
lished that magnetite-bearing sediments deposited
during the Pannonian mainly do not carry a coherent.
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Pe3nme

Topwomuonencku jsanopuu Ilanonckor
je3epa Ha MOBPIIMHCKOM Kony Puinjajia
(beounn, cesepHa CpoOuja): HOBH
re0JIOIIKHU M MAJeOMATHETHU MOAAH

[oBpmmHCcKHM Ko Punnjana y beounny, Hamasu ce
Ha CEBEPOHMCTOYHOM 000my rpedena dpymike rope, y
OmvsuHu JlyHaBa, Ha TOBPIIHHK Of OKO 792.563 m2.
Cacroju ce ox TpH pajHa 10Jba Tj. PEeBUpa HEjeTHaKe
pesimuuHe: CeBepHo moJsbe, Cpenme nojbe wim Me-
hymospe u JyxHO TIOJBE.

[TaHOHCKH JTanopuy ropmber MUOLICHA IPEICTaBIba-
Jy IMaBHU cTpaTUrpad)cKu M MPONYKTUBHH HUBO Ha
KoIly (OCHOBHA LIEMEHTHAa CHPOBHHA) M JIEXKE IPEKO
CTapujuX, CapMaTCKUX CJI0jeBa ca KOjuMa Tpaje je-
IOUHCTBEHY CTPYKTYypHY eTtaxy. Ha ocHOBy mueHTH-
(uKOBaHMX Makpo M MHUKpo(docHIa OIHOCHO IPOY-
YEHUX CTPYKTYPHO-CTPAaTurpacKux KapaKTepUCTHU-
Ka, IEMEHTHH JallopUy NpUIanajy AOHEM I[aHOHY
(cmaBoHMjeH) Ha Jy)KHOM TIOJBY OJHOCHO TOPHEM
naHoHy (cepOujeH) Ha Cpenmem nu CeBepHOM TOJBY.
[Ipotexy ce y ayxunu of oko 1,5 kuiomerapa, 0K
UM ykymHa AeOsbuHa mpemarryje 200 merapa. Ha
OCHOBY XEMUjCKUX KapaKTEPUCTHKA CEIUMEHTA Kao
aHanu3e (QOCWIHHMX OCTaraka (JOMHUHAHTHA BPCTa
Congeria banatica R. HORNES) cmarpa ce na cy mo-
MEHYTH JIAOPLHU MPOAYKT CEAUMEHTALM]€ Y MUPHUM,
nyospuM (,,0aCeHCKUM®®) NenoBUMa jy)KHOT 00o1a H-
exazammer [laHoHCKor jesepa.

Ha ocHoBy cTpykTypHHX OCOOHMHA, NOOpPO HOKY-
MeHTOBaHOT magHor yrma (ox 18°-20° y mompydjy
Jyxuor u Cpenmer nospa, 25°-26° y morpaHu4HOM
monpy4jy Cpenmer u CeBepHor mosba, 10 camo 12°
Ha CeBepHOM I0JbY) YTBphEHO je ma MaHOHCKH Ja-
mopIy uMajy obnuk Onare MoHOKIIMHANE ((IeKcype).
CucreMu NyKOTMHa M MalMX pasjioMa ca ciladuMm
BEPTUKAIHUM KpeTambUMa Cy JTOMHUHAHTHE pajiujaiHe
CTPYKTYpe Ha KOIy. ¥ CEBEpHOM Jeily JICKHILITA, Ha
Bucy OmTpa IIaBHLA U Y HETOBOM IIOJHOX]Y, MpHU-
CyTHU cy 1 Behu pacenn ca jaunM qudepeHIrjaTHIM
KpeTambuMa pa3IBojeHHX OnokoBa. OBM pacemu cy
YTHLAIU U Ha MOPQOIIOIIKE KapaKTEPUCTUKE pebeda.
OBze je yTBpheHO MOCTOjamke MaJoT ai yOOKOT
TEKTOHCKOT poBa O0OJNMKa H3AY>KEHOT Pa3HOCTpaHU-
YHOT TpOyIJa y KOME je CIyIITeH OJoK m3rpaheH ox
[IAaHOHCKHX JIallopala M HMOHTCKHUX IeckoBa. JlyOuHa

CIyIlITama je HejeqHaka, a HajBeha je y nokaruju Oy-
motuHe b-1 Ha 3anagHoj crpanu yBane. Kopemanujom
MaHOHCKO-MIOHTCKHX CJI0jeBa U3 OyIIOTHHE y POBY, ca
UCTUM CeIMMEHTHMa Ha BHCOBHUMa H3HAJ pOBa,
yTBpleHo je Aa cy BepTUKaiHa Kperama 35-50 m.

VY mornexy partupama CTPYKTYPHO-TEKTOHCKHX
nedopmanmja, Moxe ce pehm na je MOHOKIHHAIA
Hactana y miahoj dasu pasBoja [lanoHcKOT jesepa,
KaJa Cy JIarnopLy OMJIM jOII HEKOHCOJIMAOBAHE CTEHE
(BepoBaTHO y IOHEM IOHTY KaJia je MOCT0jao NpeKua
y CeAMMEHTaUWju ycien u3au3ama nena dpyike
T'ope). [loMeHyTH U pacipoCTpamkEHU CUCTEMH ITyKO-
THHA U pacesa, Kao ¥ TEKTOHCKHU poB Ha Opay Omrrpa
[VIaBUIa, HACTAJIM CYy YIIaBHOM KacHHWje, MMOJ yTHLa-
jeM pazaujaiHe TEKTOHHKE TOKOM IUIMOLIEHA U CTapu-
jer xBaprapa (IJICHCTOIICHA).

3a mameomMarHeTcka HMCIUTHBAEba y30PKOBaHU CY
JIaroOpLH ca CEeBEPHOT U jykHOTr 0obona CeBepHOT Mo-
Jba. Marsercka cycuenTHOMIIHOCT Jlaropara je HUCKa
Y MarHeTCKH W30TpoIHa. PeMaHeHTHa MarHeTuzamuja
je dopmmpana TokoMm cemumeHTanje. Huckor je
MHTEH3UTeTa 300r MaJie KOHIETpaluje MarHeTHYHUX
muHepana. JlomuHatHu Hocwianm PM je marHerwr,
npahen muputom. [IpaBiu PM u3nBojern HakoH fe-
MarHeTH3aluje cy XeTeporeHy, ca BeoMa JIOIUM CTa-
TUCTUYKHM TapaMeTpuMa CHTYPHOCTH (K, Olgs) Ha
HUBOY JIoKanuteTa. Jucnepsmja mpaBama PM Hesa-
BHCHUX Yy30paka Tocienuma je TpaHchopmaiuje
IpUMapHUX MHUHEpaja HOCWIalla MarHeTu3aluje y
cexyHaapHe. [laHoHCckH nanopiy Ouny cy mpeaMer u
MarHeToCTPaTUrpad)CKUX HCHUTHBAKkAa Ha JIOKAJIU-
tety beno bpno (bb-115)," 3ananno ox koma ®unuja-
7a. MarHeTcka CycLENTHOMIHOCTH, KOXEPEHTHa II0
MHTEH3UTETYy 1 MarHeTCKUM CBOjCTBHMA, ITOKJIama ce
ca BpPEOHOCTMMAa H3MEpeHHMM Ha Jjanopunma Pu-
mujane. CynmpoTHO MarHeTCKO]j CyCHEeNTHONITHOCT, WH-
TeH3UTeT U npasal PM Bapupa ca 1yOMHOM HCHH-
TUBaBa, ITO yKa3dyje Ha CPEeAWHY ca HeCTaOMIHUM
(PUBUIKO-XEMH]CKUM YCIIOBUMA y KOjOj j& MTONa3uiio
[0 CTHLAkba PEMaHEHTHE MarHeTu3alje TOKOM BH-
LIECTPYKO TMOHOBJBEHUX TpaHC(OpMaIja MarHeTu-
YHUX MUHEpaJa.

YoueHo je Ja TaHOHCKU CEJUMEHTH KOJ KOjuX je
JOMHHAHTaH MarHeTUYHU MUHEPaJl, MAarHETHT, HE 0-
celyjy mpuMapaH MarHeTckd 3ammc 30o0r: (a) maie
KOHLEHTpalyje MPUMapHOT MarHeTUTa KOjU HOCH
cmab pemaHeHTHH curHan u (0) decre TpaHcdop-
Mallyje IpUMapHOI MarHeTUTa y CEKyHIapaH.





