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Geology in Croatia — Situation and Perspective

Mladen Juradi¢"”

1 Croatian Academy of Sciences and Arts, Zrinski trg 11, 10 000 Zagreb, Croatia

* corresponding author: mjuracic@geol.pmf.hr

he organization of geological research and work in

Croatia, both in academy and in industry, has signifi-
cantly changed in the last five years. The focus of scientific
research, the way of its financing, and the organization and
structure of geological institutions and companies signif-
icantly changed. Research for oil and gas is substantially
reduced, and geological research related to the large civil
engineering constructions is also diminishing, whereas the
funding of small and short-term scientific projects, however
as interesting and important they might be, caused the ina-
bility to fund extensive and systematic geological research.

A positive exception is a significant increase in the research
of Recent and Quaternary geological sediments and pro-
cesses. In such a situation, even after repeated attempts,
unfortunately, we do still not have the Law on geological
research and geological activities.

Geologists education and training should take into
account the observed changes, and the enrolment quotas
and programs of basic and applied geology study programs
should be adapted to the existing situation, however with
major effort to improve the current state.

Keywords: research, organisation, financing, law, education

Reconstructing Submerged Landscapes Using Marine
Geophysical Data: Case Studies From Mediterranean Sea

George Papatheodorou™

1 University of Patras, Dean of School of Natural Sciences, Department of Geology, Laboratory of Marine Geology and Physical
Oceanography, Professor of Geological and Environmental Oceanography, 26 504 Patras, Greece

* corresponding author: gpapathe@upatras.gr

It is worldwide approved that the marine geophysical
techniques constitute a powerful approach in the un-
derwater archacology. The last two decades, the successful
application of the remote sensing techniques to underwater
archaeological sites has provided the base of a new scientific
discipline “Marine Geoarchaeology”. There are two general
methodological approaches in Marine Geoarchaeology; the
remote sensing techniques are being increasingly used to
identify, locate and map: (i) the coastal palacogeography
and thus submerged sites of archacological interest (sub-
merged ancient cities, settlements, harbours and man-made
structures), and (i) ancient and historical shipwrecks lying
on the seafloor or buried beneath sediments. More spe-
cifically, marine geophysical techniques have been widely
used in studies focusing on the reconstruction of coastal pa-
lacogeography at submerged sites of archacological interest
mainly by detecting and mapping the preserved palaco-
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shorelines and by studying the local stratigraphy and Late
Quaternary geology. Furthermore, they have been widely
used in underwater archacological studies regarding the
detection and investigation of archaeological sites such as
ancient shipwrecks and the related site formation processes
due to the ability to investigate and map the seabed and
subsurface features at high speeds and independently of the
water depth and the visibility.

In this paper, the results of marine geoarchaeological
surveys, which have been carried out in important archaco-
logical sites of Greece, will be briefly presented. The surveys
have been conducted with the co-operation of Ephorate
of Underwater Archaeology and the University of Copen-
hagen/Danish Institute at Athens (Zea Harbour project),
the Finnish Institute at Athens (Kyllene Harbour Project),
the University of Tennessee (Mitrou Archaeological Pro-
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ject) and with the Hellenic Institute of Marine Archae-
ology (Modi area) and the University of Athens (Neapoli
Gulf). Moreover a series of surveys will be also presented,
undertaken by our Laboratory in Alexandria (CEAlex),
Croatia (Univ. Zadar, Hrvatski Geoloski Institut), Corsi-

ca (DRASSM), Lebanon (HFE CNRS-L) and in Cyprus
(Mazotos shipwreck, Univ. of Cyprus).

Keywords: submerged landscapes, geophysical techniques, ma-
rine geoarcheology, Greece

Biostratigraphy and Depositional Environments of the Early
and Middle Triassic Deposits in the Dinarides: State of the Art

Dunja Aljinovi¢"

1 University of Zagreb, Faculty of Mining, Geology and Petroleum Engineering, Pierottijeva ul. 6, 10 000 Zagreb, Croatia

* corresponding author: dunja.aljinovic@rgn.hr

he Early and Middle Triassic deposits that extend along

the Dinarides were investigated in the frame of western
Tethyan evolution by many authors (BABIC, 1968; GRI-
MANI et al., 1975; SOKAC et al., 1976; HERAK et al.,
1983; SCAVNICAR & SUSNJARA, 1983; SCAVNICAR
et al., 1984; TISLJAR, 1992; JELASKA et al., 2003; KO-
LAR-JURKOVSEK et al., 2011; KOLAR-JURKOVSEK
& JURKOVSEK, 2015; 2019 and many others).

The Early Triassic rocks were traditionally devided into
two lithologically different units following the historic di-
vision of the Werfen Formation: the dominantly clastic
red coloured Seis beds (“Seiser Schichten”) and dominantly
carbonatic, grey, Campiler beds (“Campiler Schichten”). A
lithostratigraphic meaning was soon assigned to these two
units. Seis beds have been usually considered as lower part
of the Early Triassic or Induan, while Campiler beds were
considered as late Early Triassic or Olenekian.

Recent investigations of the Early Triassic rocks (in the
External Dinarides of Slovenia, Croatia and Bosnia and
Herzegovina) intent to provide more exact litho-, bio-,
and chemostratigraphic constraints of the Early Triassic
strata (Seis and Campil beds) that enable to establish the
Early Triassic stage and sub-stage boundaries. The investi-
gations began as a detailed definition of the Permian-Tri-
assic boundary (PTB) with a significant contribution by
KOLAR-JURKOVSEK et al. 2011; 2018; FIO et al.,
2010). Detailed research of the Early Triassic deposi-
tional sequences was performed by analysing the facies
and depositional environments accompanied by analysis
of biochronologically significant conodont associations and
chemostratigraphic data based on the *C-isotope curve. It
was found that in the western Tethys shallow water lime-
stones, dolostones and evaporites were deposited at the end
of Permian. During the Early Triassic, a depositional envi-
ronment developed as a shallow Tethyan bay that mostly
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resembles a vast epicontinental sea. A trend of long-term
global sea-level rise shifted the coastline toward the W-N'W
until the Spathian. Lithology at the most studied sections
reveal a general three-fold division: the oldest strata consist
of carbonates, the middle strata are siliciclastic or mixed
carbonate-siliciclastic, and the youngest strata are car-
bonatic. The oldest Griesbachian carbonates, mostly
dolostone, conformably overly Upper Permian deposits.
Their stratigraphic position was documented by the Hin-
deodus-Isarcicella conodont population in Slovenia (lo-
calities Luka¢ and Masore, KOLAR-JURKOVSEK et al.,
2011; 2018) and in Croatia (localites in the Gorski Kotar,
on Velebit Mts. and near Knin). In the uppermost Gries-
bachian the increase of siliciclastic component occurred
and a sandstone-siltstone-shale intercalation with minor
occurrences of ooid grainstones (former Seis beds) were
deposited throughout the whole Dienerian and lasted to
the end of Smithian. Dienerian age was proven by presence
of conodont genus Hadrodontina and bivalve Claraia clarai
(Emmr.). The siliciclastic deposition in the Smithian was
documented by abundant occurrence of Pachycladina obli-
qua (STAESCHE, 1964). The deposition of this specific
lithologic unit extends from the late Induan to the early
Olenekian (Dienerian to Smithian), thus suggesting that
the previously applied lithostratigraphic division should be
revised. The drastic change in the depositional style with
the prevalence of carbonates (lime mudstones and marls,
former Campil beds) occurred in the Spathian (proven by
findings of conodont genus Triassospathodus). Division to
sub-stage boundaries established by conodont zonation was
correlated with the *C-isotope curve from the continuous
section near Knin (ALJINOVIC et al., 2018). The curve
shows a significant increase from the negative values in the
Griesbachian to a prominent maximum around the Diene-
rian-Smithian boundary, followed by a continuous decline
to negative values in the Smithian. Around the Smithi-
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an-Spathian boundary a steep rise to a second maximum
occurred.

Considering the paleogeographic position of the Ex-
ternal Dinarides in the shallow sea of the western Tethyan
edge as well as the facies characteristics the depositional en-
vironment was envisaged as an epicontinental ramp (a large
shallow area with the characteristics of carbonate platform
and carbonate ramp). It should be emphasized that the
deposition was influenced by storms and occurred under
the transgressive conditions.

After the tectonically stabile period in the Early Triassic,
the epeiric ramp disintegrated by severe wrench and block
tectonic where some blocks were uplifted and subaerially
exposed, some remained shallow marine, dominated by
carbonates (GRGASOVIC & SOKAC, 2003), while oth-
ers subsided and developed as pelagic or deeper marine
realms. The tectonic movements were accompanied by
the volcanic activity that produced various types of vol-
canic and volcaniclastic rocks. Volcanics are presented by

Journal of Earth Sciences, 29, 4, 806-823.

Geol. vjesnik, 22, 11-23.

References

occurrences of basaltic and andesitic bodies. Volcaniclastic
deposits are represented by crystaloclastic and vitriclastic
tuffs of andesitic to rhyolitic composition, peperites formed
by mixing of magma and unconsolidated water saturated
sediments, hyaloclastics, ignimbrites (SMIRCIC, 2017)
and gravity flow resedimented pyroclastic rocks (BELAK,
2000; MARJANAC, 2000). Volcaniclastics investigated
in Lika, Velebit Mts, and Zelovo (Croatia), and Bosansko
Grahovo (Bosnia and Herzegovina) are in contact with dif-
ferent types of sedimentary rocks. The age of volcanism was
concluded by means of conodonts and ammonoids from
the associated limestones indicating that volcanic activity
started already in the Anisian (lower Illyrian) and lasted till
Longobardian (Ladinian) (SMIRCIC, 2017) similar as in
the surrounding Western Tethyan territories.

Keywords: Early Triassic, Middle Triassic, western Tethys,
epeiric ramp, volcaniclastics, biostratigraphy, chemostrati-

graphy

ALJINOVIC, D., HORACEK, M., KRYSTYN, L., RICHOZ, S., KOLAR-JURKOVSEK, T., SMIRCIC, D. & JURKOVSEK,
B. (2018): Western Tethyan epeiric ramp setting in the Early Triassic: An example from the Central Dinarides (Croatia).

BABIC, Lj. (1968): O trijasu Gorskog kotara i susjednih podruéja. (Sur le Trias dans le Gorski Kotar et les regions voisines).

BELAK, M. (2000): Postaja 2: profil Sutina-Zelovo Sutinsko; Kristaloklasti¢ni i vitoroklasti¢ni tufovi (pietra verde) s proslojci-

ma silicificiranih dolomita, vapnenaca, tufita i rofnjaka. U: JELASKA, V., BENCEK, D., MATICEC, D., BELAK, M. &
GUSIC, I: Geolotka povijest i strukturna evolucija Vanjskih Dinarida. - Vodi¢ ekskurzija (VLAHOVIC, 1. & BIONDIC,
R. Eds.). 2. Croatian geological congress, Cavtat-Dubrovnik, 6-9, IGI, Zagreb.

FIO, K., SPANGENBERG, J.E., VLAHOVIC, ., SREMAG, J., VELIC, I. & MRINJEK, E. (2010): Stable isotope and trace

element stratigraphy across the Permian-Triassic transition: a redefinition of the boundary in the Velebit Mountain, Cro-

atia. Chemical geology, 278, 38-57.

GRGASOVIC, T. & SOKAC, B. (2003): Review on fossil dasycladacean associations in the Triassic of Croatia. Acta Micropa-

lacontologica Sinica, 20, 75-79.

GRIMANT, L, SIKIC, K. & SIMUNIC, An. (1975): Osnovna geoloska karta SFRJ, 1:100 000, Tumac za list Knin (Basic ge-
ologic map SFR] Explanatory notes to geological map — Knin; Abs: Geology of the Knin sheet). Institut za geoloska is-

trazivanja Zagreb, Savezni geol. zavod Beograd, 61 p.

HERAK, M., SCAVNICAR, B., SUSNJARA, A., DPURDANOVIC, Z., KRYSTYN, L. & GRUBER, B. (1983): Neue Bei-
trige zur Biostratigraphie der Tethys-Trias. Lower Triassic of Mu¢. Proposal for standard section of the European Upper

Scythian. Schr. Erdwiss., 5, 93-106.

JELASKA, V., KOLAR-JURKOVSEK, T., JURKOVSEK, B. & GUSIC, I. (2003): Triassic beds in the basement of Adriatic-Di-
naric carbonate platform of Mt. Svilaja (Croatia), Geologija. 46, 225-230, Ljubljana.
KOLAR—]URKOVSEK, T & ]URKOVSEK, B. (2015): Conodont zonation of Lower Triassic strata in Slovenia. Geologija,

58, 155-174.

KOLAR-JURKOVSEK, T. & JURKOVSEK, B. (2019): Konodonti Slovenije / Conodonts of Slovenia. Geoloki zavod Sloveni-

je, Ljubljana, 260 p.

KOLAR-JURKOVSEK, T., JURKOVSEK, B. & ALJINOVIC, D. (2011): Conodont biostratigraphy and lithostratigraphy

across the Permian-Triassic boundary at Luka¢ section in western Slovenia. Rivista Italiana di Paleontologia e Stratigrafia,

117, 115-133.

KOLAR-JURKOVSEK, T., JURKOVSEK, B., NESTELL, G. & ALJINOVIC, D. (2018): Biostratigraphy and sedimentology

of Upper Permian and Lower Triassic strata at Masore, Western Slovenia. Palacogeography, Palacoclimatology, Palacoeco-

logy, 490, 38-54.

MARJANAC, T. (2000): Triassic of Dalmatia — Evidence of a failed rift (Mu¢ section). PANCARDI 2000, Vijesti Hrv. geol.

dr., 37/2, 117-126.

SMIRCIC, D. (2017): Genesis of Middle Triassic volcaniclastic deposits in the External Dinarides. Unpubl. PhD Thesis, Faculty
of Mining, Geology and Petroleum Engineering, University of Zagreb, 217 p.
SCAVNICAR, B. & SUSNJARA, A. (1983): The geologic column of the Lower Triassic at Mu¢ (Southern Croatia). Acta Ge-

ologica, 13, 1-25, Zagreb.

SCAVNICAR, B., SCAVNICAR, S. & SUSNJARA, A. (1984): The volcanic-sedimentary Middle Triassic in the Suvaja brook
area (Mt. Svilaja, Outer Dinarides). Acta Geologica, 14/2, 35-82.
SOKAC, B., SCAVNICAR, B. & VELIC, L. (1976): Osnovna geoloska karta SFR] 1:100 000. Tumac za list Gospi¢ L 33-127.

Institut za geoloska istrazivanja Zagreb, Savezni geoloski zavod Beograd, 64 p.

TISLJAR, J. (1992) Origin and depositional environments of the cvaporite and carbonate complex (Upper Permian) from the
central part of the Dinarides (Southern Croatia and Western Bosnia). Geol. Croatica, 45, 115-127.

>

6™ CROATIAN GEOLOGICAL CONGRESS -

INVITED LECTURES 5



The Development of the Neogene North Croatian Basin:
From the Land to the Sea and Back

Marijan Kovaci¢"”

1 University of Zagreb, Faculty of Science, Department of Geology, Horvatovac 102a, 10 000 Zagreb, Croatia

* corresponding author: mkovacic@geol.pmf.hr

he Neogene North Croatian Basin (NCB) is situated

in the southwestern part of the Pannonian Basin Sys-
tem (PBS), and except for its northwesternmost segment,
geographically covers the entire area of Pannonian Croatia.
It is a rift type basin whose formation was controlled by
tectonics, changes in climate, volcanic activity and eusta-
tic fluctuations. The accumulated sedimentary succession
thickness in places reaches up to 7 km (SAFTIC et al.,
2003). These sediments were initially deposited in alluvial
and lacustrine environments, followed by marine environ-
ments, and then a return to lacustrine and alluvial, thus
displaying a major transgressive-regressive sedimentary cy-
cle (PAVELIC & KOVACIC, 2018). The time span of the
basin formation and duration of the individual phases in
its development were, until recently, chiefly defined based
on mainly fossil communities and superposition. However,
temporary endemism caused stratigraphic problems with-
in the NCB and correlation with neighboring areas. The
problems were not resolved until using multidisciplinary
investigations which were carried out during the last ten
years. Combined radiometric dating of tuff layers and in-
tegrated bio-magnetostratigraphy improved the time span
for the formation and development of the NCB.

Deposition within the NCB commenced in the Early Mi-
ocene within terrestrial sedimentary environments which
were under strong influence of cyclic shifts between arid
and humid climate conditions. Alluvial sediments were
deposited over an unconformity above basement rocks of
the NCB, and are in places interlayered with pyroclastics
and loess deposits, while sediments deposited in a sali-
na type lake have also been documented (KOVACIC &
PAVELIC, 2017). Radiometric dating of tuff interlayers
from the lower part of the alluvial sequence (MANDIC et
al., 2012), as well as tuffs from the overlying lacustrine de-
posits (MARKOVIC, 2017), has confirmed the previously
supposed Ottnangian age of the oldest Miocene sediments
in the NCB. Also, it has been newly determined that the
deposition of alluvial and salina lake sediments continued
into the Karpatian. Terrestrial depositional environments
persisted in the NCB into the early Badenian within lacus-
trine environments where mainly clastic pelitic sediments
with tuff layers were deposited. Their fossil assemblage
indicates deposition within interchanging freshwater and
brackish lacustrine conditions without any connection with
the sea (MANDIC etal., 2018). Radiometric dating on tuff
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layers indicates that lacustrine environments persisted in
the NCB area up to approximately 15 Ma (MARKOVIC,
2017). As a consequence, the beginning of the marine
transgression, previously assigned to the Ottnangian/Kar-
patian boundary based on superposition, has been shifted
to the beginning of the middle Badenian.

The marine phase of the NCB covers the middle to
late Badenian and Sarmatian time period, during which
the area represented the southwestern marginal segment
of the Central Paratethys (CP) (PAVELIC & KOVACIC,
2018). During the middle and late Badenian diverse pelitic,
carbonate and carbonate-clastic sediments with pyroclas-
tic interlayers were deposited continuously onto lacustrine
deposits or above an unconformity, covering various base-
ment rocks. Radiometric dating of tuffs (MARKOVIC,
2017) confirmed their stratigraphic age which had previ-
ously been defined based on the rich fossil community pre-
sent in the marine sediments. Following the late Badenian
transgression, which marks the peak of the transgressive
cycle in the NCB, a general regressive sedimentary suc-
cession begins. Within it, different Sarmatian clastic and
carbonate sediments were deposited over the upper Bade-
nian carbonate sediments in conditions of reduced volcanic
activity and weakening connections between the CP and
surrounding marine realms. Gradual isolation of the CP
and a reduction in water salinity led to an extinction of
stenohaline marine organisms at the Badenian/Sarmatian
boundary, and allowed the development of a new commu-
nity adapted to the life in a marine environment of reduced
salinity.

The continuing trend of CP’s isolation led to a complete
isolation of the PBS from surrounding marine realms, the
termination of marine sedimentation and the formation
of the brackish Lake Pannon. In the newly formed lake, a
stratigraphically ambiguous endemic community of organ-
isms developed. This circumstance, together with a lack of
pyroclastics, has caused problems in the subdivision of the
thick succession of Upper Miocene lacustrine deposits in the
NCB area, and their correlation with neighboring regions.
It has been shown that the fossil communities of mollusks
based on which they are divided into Croatica, Banatica,
Abichi and Rhomboidea layers, depended on depositional
facies and are diachronous, as well as that the Pontian stage
is incorrectly applied in the PBS area (PILLER etal., 2007).
The deposition of the Upper Miocene lacustrine sediments
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in the NCB is characterized by a transgressive-regressive
cycle. In the older, transgressive part of the cycle, limestones
predominate. These are overlain by marly sediments with
rare interlayers of sand and gravel while the younger, re-
gressive part of the cycle, is characterized by deposition of
sandy-silty clastic detritus supplied into the lake by deltaic
systems (PAVELIC & KOVACIC, 2018). These systems
prograded into the area of the NCB from the north and
the northwest that generated gradual shallowing of the lake
and final infilling (KOVACIC et al., 2004). Notably, before
the end of the Miocene the north and northwest part of
the NCB were transformed into an alluvial plain. In the
southeastern part of the basin the Lake Pannon persisted

Pontian, NW Croatia). Facies, 50, 19-33.
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into the early Pliocene, when it was replaced by the fresh-
water Lake Slavonia. Within it, from the middle Pliocene
to the early Pleistocene, a variety of clastic sediments were
deposited, previously known as Viviparus beds, which have
been found to represent a new independent phase of the de-
velopment of the basin, and have accordingly been defined
as the newly proposed regional Cernikian stage (MANDIC
et al., 2015). Since the early Pleistocene, the entire area of
the NCB is once again represented by terrestrial sedimentary
environments.
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Use of Geochemical Methods in the Research

of Groundwater Systems

Tamara Markovi¢"

1 Croatian Geological Survey, Milana Sachsa 2, 10 000 Zagreb, Croatia

* corresponding author: tmarkovic@hgi-cgs.hr

he chemical composition of groundwater is con-

trolled by dissolution and by chemical reactions
with solids, liquids and gases with which they come into
contact during the various phases of the hydrological cy-
cle (STUMM & MORGAN, 1995). Over the past 50
years, the geochemical parameters such as basic chemical
composition, REE (rear earth elements), stable (deuteri-
um, oxygen-18 & -17, carbon-13, nitrogen-15 etc) and
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radioactive isotopes (carbon-14, tritium, radon-222, ura-
nium-238, chloride-36 etc) gases (methane, carbon dio-
xide, etc) and noble gases (helium, argon, krypton, neon)
and geochemical modelling, are often used to investigate
groundwater origin, residence time and to improve un-
derstanding of how structural, geological, mineralogical,
and hydrological features affect flow and chemistry in the
groundwater system.
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The variation of the chemical composition of ground-
water along a flow path is influenced by the spatial varia-
tion of minerals and rocks, the initial composition of the
recharge solution and geochemical reactions such as oxida-
tion-reduction reactions, sorption and exchange reactions
and transformation of organic matter etc. Geochemical
modelling is used for quantifying the geochemical reac-
tions occurring along the flow paths within groundwater
systems using geochemical software such as NETPATH,
PHREEQC, GWB etc.

The application of above mentioned geochemical pa-
rameters as a tool in the hydrogeological investigation of
thermal and “cold” groundwaters will be demonstrated at
the few examples from Croatia, to show how can be ge-

References

ochemical methods in combination with other methods
useful in determination of groundwater origin, residence
time and hydrological features affect flow.

Although the use of geochemical parameters is not per-
fect and some improvements are needed in the interpreta-
tion of the obtained information, and in the construction
and interpretation of numerical models using geochemical
data, the best approach will ensure an optimized iterative
process between field data collection and analysis, interpre-
tation, and the application of forward, inverse, and statis-
tical modelling tools.

Keywords: geochemical parameters, isotopes, geochemical mo-
delling, groundwater
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Hydrocarbon Source Rock of the Dinarides:
an Overview and Future Challenges

Tamara Troskot-Corbi¢"

1 INA-Oil Company, Plc., Exploration & Production, Exploration & Upstream portfolio development, Lovinciceva 4,

10 000 Zagreb, Croatia

* corresponding author: tamara.troskot-corbic@ina.hr

he Dinarides are a complex folded, faulted and imbri-

cate belt along the NE margin of the Adriatic Sea. This
mountain chain consists of a thick rock succession ranging
from Carboniferous to Quaternary. The coastal zone and
islands are mainly composed of carbonates that belong
to the several palacogeographic entities (VLAHOVIC et
al., 2005). The widespread organic matter occurrences
throughout area has attracted attention and encouraged
petroleum exploration since 1970s.

During years, a comprehensive geochemical evaluation
is performed on more than 5000 outcrops and boreholes
samples. Based on this huge data set, potential source rocks
are verified in several stratigraphic levels. More important-
ly, source rock-hydrocarbons genetic correlations and pe-
troleum system evaluations are established, as well. In the
Northern Adriatic offshore biogenic gas accumulations of
Plio-Pleistocene system are under production. The aim of
this overview is to represent source rock potential of the
rest of the area.

8 6.
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Organic-rich siliciclastics and carbonates of the Car-
boniferous and Permian age are source rock with no poten-
tial due to metagenetic or metamorphous stage of thermal
transformation. Organic-rich sediments of Triasssic and
Early Jurassic age generally have poor source rock charac-
teristics. They are in the higher catagenesis with transition
to metagenesis. Regular appearances of pyrobitumen in
these rocks indicate hydrocarbon generation in the past.

On contrary, Upper Triassic organic-rich laminated
limestones of Vlasta-Komiza facies are very good to excel-
lent oil-prone source rocks that have reached onset of oil
generation (COTA & BARIC, 1998). Organic matter is a
mixture of algal, bacterially degraded kerogen and migrated
bitumen. Kerogen is type II to II-S. Stable carbon isotopes
and biomarkers confirmed origin and deposition in the low
energy, highly anoxic, lagoonal, carbonate-evaporitic envi-
ronment. However, only small oil volume was recovered.
Oll is positively correlated with the Triassic source rock. An
attempt has been made to map this source rock horizon in

.



relation to Burano formation (Italy) throughout the wider
Adriatic area. Determined differences of Triassic successions
have highlighted the necessity of detail sedimentary basin
evolution of the extensional/rift basins, facies distribution
and understanding of the pre-platform rift systems and their
thermal subsidence history as a prerequisite to evaluate the
survivability of syn- to post-rift petroleum systems. The lack
of high-quality genetic model hampered the otherwise va-
liant atcempts to chase the Mesozoic carbonate oil play in
the Dinarides.

The best source rock of the Dinarides are Upper Jurassic
dark organic-rich laminated limestones with cherts deposi-
ted in the older part of Lemes trough (TROSKOT-COR-
BIC, 2011). Organic facies is characterized with high or-
ganic matter content, excellent hydrocarbon potential and
high transformation ratio. These very good to excellent
oil-prone source rocks contain kerogen type II of marine,
algal-bacterial origin. Amorphous organic matter gradual-
ly changes from lamalginite to bituminite. Solid bitumen
is incorporated in all structural types. The organic facies
generally has reached onset of oil generation. High per-
centages of organic-bonded sulphur confirm that organic
matter formation took place in the marine, carbonate
environment with contemporaneous sulphur incorpora-
tion into a kerogen macromolecule structure. This kind
of organic facies enabled hydrocarbon generation at lower
degree of thermal transformation. Consequently, the total
bitumen yields are high. Bituminous coatings in nearby
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area show high degree of similarity indicating short mi-
gration pathways.

Cretaceous laminated organic rich carbonates, deposi-
ted in the restricted lagoons and intraplatform troughs, are
also excellent source rock. Organic matter is of microbial
and algal origin. Kerogen is type II to I. Organic matter is
immature. Organic facies is typical oil prone and enriched
in sulphur incorporated in kerogen structure enabling hy-
drocarbon generation at lower degree of thermal transfor-
mation. These Cretaceous oil prone source rocks are also
distributed over the central Adriatic offshore area (COTA
& BARIC, 1998). At depths of 4,500 to 5000 m sediments
have reached oil window. According to stable carbon iso-
topes and biomarkers these low maturity Cretaceous source
rocks are sourcing heavy hydrocarbons that are registered
in non-commercial quantities in few Adriatic offshore wells
or as oil shows (migrabitumens) that filled fissures, cavities
and pores in widespread area.

The wider Mediterranean area hosts a significant num-
ber of petroleum provinces (ZAPPATERRA, 1994). Ac-
tive source rocks, genetically related oil and gas and all the
geologic elements and processes that are essential, if an oil
and gas accumulation is to exist, are evidenced in the Di-
narides, as well. Understanding the thermal history and
the structural-tectonic relationships that influenced it are
fundamental in future research.

Keywords: source rock, generative potential, Dinarides
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Petrophysical Evaluation on Cenozoic Formations and its Possible
Potential to Accumulate Hydrocarbon in the Southern Part of

Cesar Sub-Basin, Colombia

Helmer Alarcon'?’, Edwar Herrera'? & Edgar Bueno?
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Evidence of source rock maturity, hydrocarbon genera-
tion and expulsion in Cesar sub-basin (AYALA, 2009;
MESA & RENGIFO, 2011; SANCHEZ & MANN,
2015) turn this site into an object of significant exploratory
interest, where Mesozoic, Miocene and Pliocene units cor-
relative with Maracaibo basin, a world-class hydrocarbon
basin (LUGO & MANN, 1995; MANN et al., 2006), sug-
gest the existence of an analogous petroleum system in Ce-
sar sub- basin, being the Cenozoic clastic section the main
reservoir target, although still unexplored with probability
for high potential to accumulate conventional hydrocarbons
or coal-bed methane (CBM) (GARCIA et al., 2007; MESA
& RENGIFO, 2011). Well logs interpretation techniques
provide accurate and reliable information as a success tool in
reservoir evaluation (RIDER & KENNEDY, 2011; WU &
GRANA, 2017). Therefore, a petrophysical evaluation was
carried out on Cenozoic sandy bodies to define the con-
ventional or non- conventional hydrocarbon accumulation
potential of the southern part of Cesar sub-basin.

A lithologic correlation of equivalent Cenozoic units
across the study wells was done from core descriptions, strati-
graphic information and electrical logs responses. Well logs
analysis were used to evaluate the petrophysical parameters

such as shale volume (Vsh), effective porosity (@e), total
porosity (Dt), water saturation (Sw) and true resistivity (Rt)
of Cenozoic clastic rocks in the southern part of Cesar sub
basin. Lithological compositions, shale volume, effective po-
rosity, and water saturations were illustrated on templates
and cross-plots, relations between permeability and porosity
were used to clarify the petrophysical behavior in the rock
types defined, relating the petrophysical parameters with the
geologic setting of the study area.

Stratigraphic and petrophysical data and their relation
with core information about Cenozoic clastic section of
Cesar sub-basin reveal that the Medium member of Cu-
ervos formation consists mainly of sandstones and shales
with 27% shale volume on average, high values of effective
porosity about 20% and water saturations determined by
Simandoux equation (SIMANDOUX, 1963) below 30%,
characteristics that turn this member in a promising reser-
voir especially in trends SW-NE. This study will contribute
new data to state and support the feasibility of future ex-
ploration projects in the area.

Keywords: well logs, petroleum system, petrophysical parame-

ters, reservoir, Cesar sub-basin, Cenozoic section
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Sediment-Quality Information, Monitoring and Assessment
System to Support Transnational Cooperation for Joint Danube
Basin Water Management — SIMONA Project

Jasminka Alijagic”

1 Geological Survey of Slovenia, Dimic¢eva 14, 1 000 Ljubljana, Slovenia

* corresponding author: jasminka.alijagic@geo-zs.si

Over the past decades, human activities within the Dan-
ube River Basin (DRB) have led to strong changes in
the sediment quality. Hazardous Substances (HSs) pollu-
tion can cause severe damage to the ecosystems and can
have direct effects to the health of the human population.
The Joint Danube Surveys (JDS 1 and 2) characterized HSs
in the Danube sediment several years ago and they con-
cluded that contaminated sediment with HSs is an existing
problem in the Danube River Basin. Most of the DTP
countries face serious challenges of the implementation of
the HSs concentration monitoring in the surface water se-
diments as required by the EU Water Framework Directive
(WFD) and the 2013/39/EU Directive, due to the lack
of harmonized international sediment quality monitoring
protocols and procedures. Most of the countries have no
experience in sediment quality monitoring because it was
not a routinely monitored matrix for any environmental
assessment. The lack of relevant experience is particularly
soaring in the transnational DRB where contamination
propagation is often a transboundary problem.

Stemming from the above facts there is a territorial need
in all the Danube Transnational Programme (DTP) coun-
tries to build and sustain a DRB-wide harmonized trans-
national sediment quality monitoring network in order to
mitigate hazardous substances water pollution. Fundamen-
tally, Danube countries need help in solving this task in a

harmonized way. Moreover, DTP countries have different
existing national methodologies and legislative frameworks
(EU and non-EU members) for water quality assessment
and monitoring. The availability of DTP countries’ rele-
vant technological capacities and resources for sediment
quality monitoring implementation differs a lot. The most
suited way to build a harmonized sediment quality moni-
toring network is a transnational cooperation to share the
Danube-wide knowledge represented by the experience of
SIMONA partnership in order to establish the protocols,
tools, services and skills. The SIMONA project delivers
‘ready-to-deploy’ transnationally harmonized protocols
and the SIMONA-tool to support the RBMPs in DTP
countries that may serve as a basis for assessing the strategic
quality of transnational cooperation projects.

The SIMONA partnership has 17 full partners (11
ERDE, 4 IPA, and 2 ENI) and 12 ASPs, which is strongly
balanced and representative of the almost whole geographic
Danube River Basin from the following countries: Austria,
Bosnia and Herzegovina, Bulgaria, Croatia, Germany, Hun-
gary, Moldova, Montenegro, Romania, Serbia, Slovakia,
Slovenia and Ukraine.

“Interreg H

Danube Transnational Programme

Keywords: Danube River Basin, monitoring, sediments, ha-
zardous substances, harmonisation

Mineralogical-Petrological Analysis of Lithic Artefacts from
Archaeological Locality Stari Perkovci-Debela Suma (Croatia)

Suzana Antolin', Dragana Rajkovi¢?, Drazen Balen' & Darko Tibljas"
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uring archaeological excavations in 2006 on the Debe-
la $uma locality situated on the Dakovo-Sredanci
highway route, NE of Stari Perkovci village, approximate-
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ly 190 lithic artefacts were found. Most of them belong to
Neolithic Sopot Culture, whereas five are Staréevo Culture
artefacts. The aim of the present study was determination
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of mineralogical and petrological characteristics of stone
artefacts. These characteristics are the key for determina-
tion of the geological provenance of the stone artefacts.
Understanding of the provenance is useful for archaeologi-
cal studies of cultural interactions and general directions
of movements. Since pieces of stone tools are important
archacological findings, it is of utmost importance that
the minimal amount of material is destroyed for the pur-
pose of analysis. Therefore, preliminary analysis consisted
of macroscopic determination of colour and texture. Un-
fortunately, macroscopic appearance of some completely
unrelated stone tools is remarkably similar and it is only by
detailed analysis that they can be distinguished. Moreover,
macroscopic texture and colour can be deceiving as inner
colour and texture may or may not be similar to the sur-
face properties. Almost all of analysed stone tools have fine
to very fine-grained texture which made even microscopic
analysis very difficult. In order to additionally distinguish
tools made from different rock materials specific gravity
was measured. Based on macroscopic investigation 44
stone tools were selected as representative for non-destruc-
tive phase analysis of tools’ surface by X-Ray diffractometer
equipped with multilayer parabolic mirror. Nine of those
were chosen for more detailed analyses that included po-
larized transmitted-light microscopy, classic X-ray powder
diffraction, and a whole rock chemical composition charac-
terization by ICP-MS/ICP-ES methods. Determined rock
types that were commonly used for the production of the
studied stone tools were hornfels, chert, tuffite, metadia-
base and amphibole-bearing schist. One stone tool finding
stands out, it was determined to be nephrite. This was not
in any way obvious by macroscopic appearance, primarily
due to its white colour (Fig. 1), and only a detailed ana-
lysis enabled determination of this rare and, in Neolithic
context, very valuable material. Although in thin-section
beside dominant tremolite some darker veinlets are visible,

no other phases were determined by XRD.
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Figure 1. Photograph of Sopot Culture nephrite adze from Debela
Suma archaeological locality.

Nephrite was valued material in the Neolithic because
of its extreme toughness and relatively low hardness. Ne-
vertheless, their findings in European archacological sites
are relatively rare most likely due to a geological scarcity
of this material in Europe. According to PETERDI et al.
(2014) and references therein, known primary occurrences
of nephrite are in the Alps (Switzerland, Italy, France, Ger-
many and Austria), the Apennines, the Harz Mts., along
the boundaries of the Bohemian Massif (in Poland and
Germany), and in Scandinavia. Redeposited nephrite has
been found among glacial erratics on Riigen Island and in
the environs of Potsdam and Leipzig, and in the alluvium
of the river Mur between Leoben and Graz. A significant
number of polished tools made of nephrite has been found
on the Balkan Peninsula, however a potential geological
source has not been found yet. In spite of a relatively small
available research database for nephrite artefacts, it was
possible to classify the nephrite from Debela Suma as ser-
pentinite-related nephrite. Geoarcheologically, the most
interesting contribution of this finding is that there is no
known nephrite deposit in Croatia, which means that this
artefact either came from somewhere very far or there were/
are some nephrite occurrences, so far unknown, in Croatia
or in the neighbouring countries.

Keywords: geoarchaeology, Debela Suma — Stari Perkovci, Ne-
olithic, lithic artefacts, nephrite
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A New Workflow for 3D Geological Modelling of

Karstfied Petroleum Reservoirs
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" he accurate representation of karst features in 3D ge-

A ological models is essential for obtaining reliable oil
production curves from fluid flow simulation. In order to
achieve tha, it is mandatory to define first a conceptual
model for the karst system in study, by the integration of
multiple data, such as seismic, well logs, core, etc.

Petrobras developed in partnership with Emerson,
a software plugin for SKUA named KarstModel, which
aims not only the 3D geological modelling of karstified
petroleum reservoirs, but also to guide its users to define
karst conceptual models for the modelled reservoirs. This
plugin is an evolution and improvement from the original

KarstMod plugin developed by the GOCAD Consortium.

Cave geometry is strongly influenced by climate, and
more directly, by the seasonal variation of fluid flow in sub-
surface. The definition of the ancient phreatic water level,
the paleoclimate, the occurrence of aquitards, the distribu-
tion of porosity and permeability of the rock-fluid system,

the discrete fracture network, and also the spatial position
of entry/exit points of fluids in the karst system are some
of the elements used by KarstModel to constrain the karst
geometry.

Karst modelling is done in two phases: (1) building
of the karst skeleton based on the definition of the most
probable trajectory of the karstfying fluid, and (2) build-
ing of the wrapping surface of the previously built karst
skeleton, through the ODSIM technique (Object Dis-
tance Simulation). Once the wrapping surface is gene-
rated by KarstModel, it can be used to estimate what
percentage of the model cells are karstfied and present
petrophysical properties different from the rock matrix.
Besides this, the 3D models can be used as images that
represent the reservoir conceptual model, and as training
images for the definitive 3D reservoir modelling.

Keywords: karst, carbonate, reservoir modelling

Mineralogy, Geochemistry and Magmatic Provenance of
Miocene Tuffs from the Dinarides and Adjacent Basins —

Evidences for Mantle Upwelling?
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In the Dinarides a vast system of intramontane lakes,
usually referred to as the Dinaride Lake System (DLS)
came into existence in the early Miocene (KRSTIC et al.,
2001; MANDIC et al., 2012). The DLS affiliated lacus-
trine environments extended northwards even into adjacent
areas of the Pannonian Basin (MANDIC et al., 2019a).
Consequently, at its maximum extent, coinciding with the
middle Miocene Climatic Optimum, a range of freshwater
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or brackish to marine depositional conditions established
across the area (DE LEEUW et al., 2012; PAVELIC &
KOVACIC, 2018). The entire region was affected by in-
tensive magmatic activity, which resulted in the deposition
of numerous tuff horizons interlayered with lacustrine and
marine sediments. This study aims to unravel the minera-
logical and geochemical proxies of the tuffs, whose age was
radiometrically and stratigraphically determined to span
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from 18 to 12.5 Ma (DE LEEUW et al., 2012; MANDIC
et al., 2019b), in order to report on their nature, prove-
nance and overall diversity in the context of early to middle
Miocene evolution of the region that included basin infill,
lakes evolution, marine transgression, sea-level lowering,
and tectonic uplift.

In total 18 tuff samples were recovered from eight lacus-
trine and marine basins located in the realms of Pannonian
Basin and Dinarides, stretching from the Styrian Basin in
Austria to the Gacko Basin in Bosnia and Herzegovina. Tuffs
are commonly intercalated between freshwater marls, lime-
stones and clastic sediments, with the exception of the Ug-
ljevik locality in NE Bosnia and Herzegovina whose tuffa-
ceous layers were deposited in marine conditions established
after the Badenian transgression (MANDIC et al., 2019b).

Analyzed pyroclastic material belongs to vitro-crystallo-
clastic tuffs with a characteristic porphyric texture and ho-
mogenous structure. Most of the samples are highly altered,
which gave rise to the formation of clay matrix containing
preserved contours of volcanic glass. Solely one sample is
relatively fresh with abundance of pristine glassy shards,
whereas for two samples the abated alteration led to palag-
onitization. Tuff mineralogy is dominated by illite-smectite
clay minerals with quartz, muscovite, biotite, plagioclase,
K-feldspar and amphibole being the minor phases.

Chemical composition of tuffs is featured by low
amounts of K (K,O = 0.34-3.19 wt.%) and Na (Na,O =
0.19-1.29 wt.%), and strong variations in the content of
Ti (TiO, = 0.07-0.97 wt.%) and Si (SiO, = 20.29-64.66
wt.%). The loss of ignition ranges from 6.51 to 35.84 wt.%
(avg. LOI = 17.54 wt.%) indicating high level of altera-
tion. Trace element-based discrimination diagram, Nb/Y
vs. Zt/Ti (PEARCE et al., 1996), defines the majority of
tuffs as intermediate rocks of trachyte, trachy-andesite and
andesite composition while six samples are affiliated to
thyolitic geochemistry. Analyzed rocks display evolved and
fractionated geochemical character (Mg# = 8.8-89.5; Cr =

2-118 ppm) with a pronounced enrichment of LREE over
HREE [(La/Lu),, = 3.76-27.89] at ~ 8-100 times chondrite
relative concentrations. Negative Eu anomaly (Eu/Eu* =
0.34-0.78) calls for an early plagioclase accumulation or
fractionation at low pressure. Primitive mantle normalized
curves (McDONOUGH & SUN, 1995) outline the om-
nipresent negative anomalies of Nb-Ta and Ti relative to
La [(Nb/La), = 0.19-1.22; (Ti), =0.40-5.35], which indi-
cates the subduction related magmatism that underwent a
significant fractionation and possibly a continental crust
contamination (Th/La = 1.8-22.61, Th/Ta = 2.03-10.89).
Calc-alkaline nature of analyzed tuffs is ascertained by the
use of HE-Th-Nb diagram of WOOD (1980) and AFM
plot of IRVINE & BARAGAR (1971), which conforms
with the findings of SEGVIC et al. (2014) who analyzed
the coeval tuffs from the Sinj Basin locating their source
area in the south of the Pannonian Basin.

Preliminary results enabled identification of two dis-
tinct magmatic trends present in analyzed tuffs. First is
characteristic for the ~17.04 to 14.7 Ma tuffs (radiomet-
rically dated, DE LEEUW et al., 2012) and is featured
by moderately evolved magmatism (~27-50 times chon-
drite concentrations, having an andesite to rhyolite com-
position), which tends to get more primitive with time.
Second trend, spanning from ~13.86 to 12.5 Ma (strati-
graphically determined, MANDIC et al., 2019b), is shown
by the Ugljevik tuffs who are less evolved (-6-40 times
chondrite concentrations, having predominantly andesitic
composition) and are analogue to the previous group being
less differentiated over time. This is tentatively explained
by multiple and complex magmatic activity during early
to middle Miocene (PAVELIC, 2001), while the steady
increase in mafic character of tuffs over time may corrobo-

rate the mantle upwelling origin of Miocene volcanism in
Central Europe (KOVACS & SZABO, 2008).

Keywords: tuffs, geochemistry, mineralogy, Dinarides Lake

System, provenance
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he process of hydraulic fracturing is often defined as

a process which initiates and propagates fractures by
applying fluid in the fracture network as a hydraulic load.
The unconventional fracture model simulates the propa-
gation, deformation and fluid flow in a complex fracture
network. Interaction between natural fractures (NF) and
hydraulic fractures (HF) is affected by the orientation and
geometry of the natural fractures, the in-situ stress, the
mechanical properties of the rock, as well as the fluid
properties and layering properties (CRUZ et al., 2018;
POTLURI et al., 1963; ZOBACK, 2013). The develop-
ment of the geomechanical model consist in organization
of data obtained from the literature and development of
triaxial test in order to obtain the rocks friction coeffi-
cient and cohesion. Results are presented from a series of
2-D numerical experiments investigating the influence of
natural fractures on the modelling of hydraulic fracture
propagation.

Hydraulic fracturing is used for enhancing rock mass
permeability and improving well productivity in low per-
meability reservoir rocks (KING, 2012). Geological in-situ
conditions are much more complex, complicated by the
presence of natural fractures and other discontinuities such
as bedding planes, joints and faults (ZANGENEH et al.,
2014). Further complexity arises from the heterogeneity
of the in-situ stress field and anisotropy of the rock mass.
OLSON (2008), presented a complex fracture network
model that can predict hydraulic fracture propagation and
interaction with pre-existing natural fractures. However,
the model is based on fracture mechanics only and does
not include fluid flow and proppant transport.
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The geomechanical model needs input data to make
the computer simulation, that is why the triaxial test is the
best-known way to determine the cohesion and internal
angle of friction in intact rocks. The test results performed
on several specimens determine the failure curve. If the
magnitude of environmental pressure is known, the cohe-
sion and the internal angle of friction of the rock can be
set. The software used for simulating the behavior of the
fractures is ABAQUS, a suit for finite element analysis. The
workflow analysis establishes several stages which include
pumping, geometry of the model, constitutive model of the
rock and the fractures, and fluid model along with bound-
ary conditions.

The principal concern about this technique has to
do with the environmental consequences of the fracture
network propagation and length, such as pollution of the
underground aquifers and induced seismicity. This study
attempts to provide a technical response to this issue, using
geomechanical properties from la Luna formation, an un-
conventional reservoir located along the MMV, to simulate
the interaction of hydraulic and natural fractures to help us
understand the hydraulic fracture dilemma in Colombia.

The Galembo member of La Luna formation is pre-
dominantly a calcareous shale with interbeds of thin, argil-
laceous limestones. The shales are hard, black, thin bedded,
with numerous discoidal, ammonite-bearing limestone
concretions which reach eight meters in their maximum
dimension. About 63% of the volume of this formation is
composed of phosphatic calcareous shales and laminated
mudstones with abundant foraminifera (RANGEL et al.,
2000).
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The geomechanical properties of this rock are defined
by BLANTON (1986) and then used by CELLERI et
al. (2016) for the simulation of the interaction between
NF and HF in Vaca Muerta formation of the Neuquén
Basin in Argentina. The properties presented are correlat-
ed with the expected properties of the Galembo member

(Table 1).

Table 1. Geomechanical properties of shales, used in numerical
simulations (CELLERI et al., 2016).

property | Units | Value |

Young Modulus Mpsi 1.45
Poisson Ratio 0.22
Fracture energy psi*in 0.2

Shear Strenght psi 459
Density glcc 1.91
Hydraulic Pressure psi 1200
Rupture Pressure psi 2400

This work results contribute to the understanding of
the hydraulic fracturing processes and their environmental
influence, considering is the first time it is done in an active
basin. The issue of horizontal drilling is in a political area
that is still under debate. That is why this work wants to
resolve questions of Colombian society regarding the real
behavior of the hydraulic fracturing. The contribution of
this work will demystify issues like the capacity of hydraulic
fracture to reach nearby aquifers, as well as its capacity to
spread through hundreds of feet. Results of the geomecha-
nical tests are close to being delivered, so it is not possible
to show the results of the proposed simulation. The study
progress has been focused on the compilation and analysis
of available information on the geomechanical properties
of shale rocks and the state of knowledge of hydraulic frac-
turing in Colombia.

Keywords:  hydraulic fracture, La Luna formation, natural
Jracture rock, computer simulation, shale reservoirs, geome-
chanical properties, unconventional reservoir
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he Late Cretaceous to Early Paleogene Chalk Group

in the Norwegian Central Graben contains prolific
hydrocarbon reservoirs that have been producing for more
than fifty years. Based on extensive 3D seismic and well
data, development of the Chalk play with particular focus
to the depositional geomorphological features is shown.

Chalk Group represents a period of high eustatic sea
level and low detrital influx, leading to pelagic sedimen-
tation on the continental shelves (VAN DER MOLEN et
al., 2005). The deeply buried Chalk sediments comprise
mainly chalks, chalky limestones or limestones alternating
with argillaceous chalks and thin beds of shale or clays.
Chalk is a porous, very fine-grained sediment deposited
from suspension as a pelagic ooze in a marine setting at
depths up to few hundred metres. Uplift of tectonically
active areas caused occasional resedimentation of previously
deposited chalk in the form of slides, slumps, debris flows
and turbidity currents, commonly referred to as allochtho-
nous chalks, and make up a large portion of the total chalk
sediment package.

Extensive geological and geophysical analysis resulted in
establishing key elements of Chalk play. These are: presence
of an underlying mature source rock, early hydrocarbon
migration into the reservoir meaning the presence of later un-
destroyed paleo-trap (MEGSON & HARDMAN, 2001;
MEGSON & TYGESEN, 2005), preservation of the high
reservoir qualities due to overburden and overpressures
(MALIVA & DICKSON, 1992; GAARENSTROOM et
al., 1993), favourable reservoir properties present due to
the resedimentation (allochthonous chalks) and effective
top seal (absence of overlying Paleocene sandstones (DE
VRIES, 2014) and lateral seal (sealed by autochthonous
chalks). Upper Cretaceous chalks still can be considered as

References

ceedings of the 4th Conference.

one of the perspective plays in Central Graben area, espe-
cially in terms of stratigraphic trap types of prospects. Wells
targeting structural traps in chalk play mainly were success-
ful and wells targeting off-structural type of traps were all
unsuccessful. Few discoveries of these kind of traps have
been found in Denmark and UK parts of Central Graben.

Gravity-driven resedimentation of previously deposi-
ted chalks occasionally occurred in areas that experienced
syn-depositional tectonic and halokinetic activity (VAN
DER MOLEN et al., 2005; GENNARO et al., 2003).
In most of the chalk fields, allochthonous chalk is the best
reservoir, representing highest porosity (BRAMWELL et
al., 1999). Thus, understanding of the temporal and spa-
tial occurrence of gravity flows and related source areas is
crucial to define spatial porosity variations to minimize
uncertainties related to exploration in the chalk sequences.

For better understanding Upper Cretaceous chalk in-
terval framework of 10 regional horizons was interpreted.
Special attention was given to lithofacies interpretation of
the available well data and seismic facies mapping. In or-
der to connect well facies data with seismic data several
different techniques of seismic analyses were used. Seis-
mic stratigraphy approach combined with well lithofacies
analysis, seismic facies analysis, amplitude analysis, Spectral
Decomposition, paleo-structural mapping and source to
sink method led to facies depositional mapping (FDM)
and gross depositional environment mapping (GDE) that
proved to be very useful in order to delineate allochthonous
(reservoir) chalks. Sequences of allochthonous chalk de-
posits are formed in slides, slumps, debrites and turbidites.

Keywords: Central Graben, chalk play, allochthonous chalk
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e provide first palynological analysis of sediments

from the Badina lake CrniSevo. The palynological
record span thru the Holocene (c. 11300-0 cal. yr BP). In
the analysed samples from the core Baj-7, we can observe
the transition of vegetation in the wider studied area from
a mixed forest in a moderately warm humid climate at the
end of the Pleistocene to Mediterranean vegetation in the
Mediterranean climate.

Changes in palynomorphs (spores, pollen, phytoplank-
ton, and zooplankton) match with changes in geochemical
parameters such as N, TOC and C/N. This congruence
allowed a better interpretation of some changes as well as
increase or decrease of (palynomorph) values.

There are nine zones and nine subzones that correlate to
the changes in climate, vegetation, and trophicity. Samples
of the oldest PZBAJ-I zone were deposited in the shallow
hypertrophic lake at the time of the rapid rise in sea level
(MWP-1B) before 11.3 cal. yr BP. Hypertrophic condi-
tions also existed at the time of the PZBAJ-II zone which
coincides with the onset of deposition of the sapropel Sla
10800-8800 cal BP at the beginning of the Holocene. Zone
PZBAJ-III occurs in the proximal, i.e., the shallower part of
the mesotrophic lake. During the zone PZBAJ-1V, the lake
changes from the mesotrophic to the oligotrophic condi-
tion. Warming and the decrease of precipitation occur, and
the freshwater green alga Botryococcus braunii appears. For
the PZBAJ-V zone, remarkable is a low percentage of green
algae Coelastrum polychordum. A gradual decrease in the
share of cyanobacteria Gloeotrichia, as well as a noticeable
share of elements of Mediterranean vegetation (Quercus ilex
-type and Ostrya type) and heathers (Ericaceae), is shown.
The PZBAJ-VI area is divided into six subzones where
the humid and drought periods changg, i.c., the second-
ary succession of vegetation due to the deforestation. The
first subzone is PZBAJ-VIa, in which the share of Medi-

terranean vegetation elements generally reduces, while the
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proportion of deciduous vegetation increases, suggesting a
more humid climate with more rainfall. But, at the begin-
ning of the zone, there is a decrease in the proportion of
deciduous oak and the increased proportion of the heathers
(Ericaceae) and grass (Poaceae) which may correspond to
the drought period 4200 BP. The subzone PZBAJ-VIDb is
dominated by amorphous liptinite of algal origin which
indicates an increased primary organic production. The
subzone PZBA]J-VIc shows a sudden increase in the pro-
portion of nitrogen due to the high share of green algae
Coelastrum polychordum and occurrence of alder (Alnus).
There is a decreased proportion of heathers (Ericaceae) and
grass (Poaceae), and an increased proportion of ferns. That
indicates secondary succession that can be traced from this
subzone. After the oak forests clearings (some 3500 years
ago), ferns and alder appear as pioneer species followed by
the fir increase, and pine increase at the end of the subzone.
The oak increase occurs in the next subzone PZBAJ-VId as
the vegetation is renewed. At the end of the subzone (some
3200 years ago), evidence of clearings is again evident fol-
lowed by subsequent forest recovery during the subzone
PZBA]J-VlIe. The most intensive forest clearings (some
2200 years ago) occur during the PZBAJ-VIf subzone.
And again forest is being renewed during the PZBAJ-VIIb
subzone (some 1800 years ago, i.e., 200 AD). The share
of pollen of trees decreases in the subzone PZBAJ-VIc,
while the proportion of algae, heathers, and grass increa-
ses, corresponding to the medieval warm period when the
lake changes from mesotrophic to the eutrophic conditions,
which remains to the present.

"This work was supported by the Croatian Science Foun-
dation Project, “Lost Lake Landscapes of the Eastern Adri-
atic Shelf” (HRZZ-9419).
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Wthin the Nature Park Papuk, especially on the
southern slopes of Mt. Papuk, numerous vineyards
are situated. They prograde up finding their place high
on the mountain. In spite of the fact that it is already on
the high quality level, wine production in the area reflects
constant effort of winemakers to improve the production,
aiming mostly on the quality and not only on the quantity.
The scope of this contribution is to better define the geo-
logical component of a zerroir of wine related to the specific
microenvironment that evolved from metamorphic and ig-
neous rocks. With kind help of the Nature Park Papuk, Ve-
leu¢iliste u Pozegi and Vinarija Vlado Krauthaker sampling
of rock, soil, grape and wine samples of northernmost and
highest vineyards near Vetovo village was performed. The
vineyards with grapes that give red wines: Cabernet Sauvi-
gnon, Merlot and Shiraz (Veleu¢iliste u Pozegi) and Syrah
(Vinarija Vlado Krauthaker) are planted on a thin soil cover
laying directly over the pre-Alpine crystalline basement of
the Slavonian Mountains.

The crystalline rocks found as debris in the vineyards are
mostly orthogneisses (Be+Ms+Pl+Qtz+Grt) and micaschists
together with amphibolite (Amp+Pl+Gre+Qtz+Bt) and
metagabbro. Those rocks belong to the oldest dated rocks
at Mt. Papuk (52827 and 465+7 Ma (20)) with calc-alka-
line peraluminous crustal and mafic rocks as precursors,
respectively. They are related to a former active continental
marginal setting. The calculated peak P-T metamorphic
conditions reach 13 kbar and 670 °C (BALEN etal., 2015).

The soil developed on the hill slopes was sampled at
two horizons: at 30-35 and 60-65 cm depths. Upper level
is characterized by brown colour where sand (and grus)
predominates over the clay component. This level is rich
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in (altered) fragments of metamorphic rocks and quartz. At
60 cm depth, dark brown clay-rich soil comprise limonite
substance, metamorphic rocks fragments and agglome-
rates of altered amphiboles. The basement rocks outcrop
through those soil layers. The deeper horizon is more aci-
dic (pH=4.3-4.6 vs. 4.6-4.8; exchangeable acidity) which
might be ascribed to the anthropogenic influence on the
upper soil horizon.

Standard minerals typical for amphibolite facies, garnet,
amphibole, biotite and feldspar are major hosts of elements
important for the wine production. Such elements, liber-
ated from minerals through alteration processes (i.e. pro-
duction of the “clay minerals” and soil) and biochemical
reactions enter the plant, grape and finally end in the wine.
All chemical elements measured here are within Croatian
legal normative (NN 2/2005 —4.1.2005). The concentra-
tion of elements in the wine correlates well with the soil and
mineral/chemical composition of the predominant mineral
assemblage in the unaltered rocks. Among them, Ca and
Mg demonstrate the best correlation between original rock
and red wine. Combination and availability of Fe, Mg, Na,
K and Ca together with other factors of wine production
have created almost ideal combination for red wine pro-
duction in this part of Nature Park Papuk.
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Intertidal zones due their conditional instability and great
anthropogenic pressures are considered the most vulne-
rable and stressful ecosystems in the world. The Lokunja
salt marsh, located in the town Pag (Pag Is.) and near to the
salt pans, is well known by its healthy mud. Most of the ar-
eas present very shallow water depths with microtidal (0.25
m, HHI data), semidiurnal tidal regime. Once natural spit
protect the area from the open sea. Four sediments samples
were collected manually in July 2018. The aim of this study
is to describe the composition and structure of Foramini-
fera and Ostracoda in detail in order to investigate the
distribution of each group in this restricted environment.
Micropalacontological analyses were performed on samples
washed through a 63 pm sieve and residue was then split
into small proportions containing at least 300 specimens of
benthic foraminifera and 200 valves of ostracods.

To characterize the biodiversity of foraminiferal assem-
blages, five faunal parameters were calculated: (1) species
diversity and the number of species in each sample; (2)
dominance, (3) Shannon-Weaver index, (4) Pielou’s even-
ness and (5) Fisher — o index. The size frequency graphs
were constructed for dominant foraminiferal species in or-
der to recognize the status of assemblages. A total of 1038
benthic foraminifera, belonging to nine taxa, have been
counted and identified. Species richness in all studied sam-
ples varies from 4 - 8, dominance shows a maximum value
of 0.43, the lowest value of Shannon-Weaver index is 0.77,
the lowest value of Pielou’s evenness is 0.39 whereas Fisher
o index reaches the greatest value of 1.59. The values of
all indices suggest hyposaline, lagoonal setting. Ammonia
parkinsionana (D’ORBIGNY) forms generally dominate
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the foraminiferal fauna (63 to 77%), with subordinate
Haynesina depressula (WALKER & JACOB) (2.7-15%)
and Porosononion granosum (D’ORBIGNY) (9.5-16%).
The population of A. parkinsoniana is characterized by a
Gaussian (normal) size distribution, peak in abundances
occurred approximately at range 260-300 pm. It clearly
point out that even in this restricted area certain hydrody-
namic parameters occur and they control the distribution
of the tests. In addition, the dominance of the opportuni-
stic, oligohaline species confirms relatively high nutrient
inputs, represented by labile and refractory organic mactter.
All ostracod assemblages are dominated by Cypreides toro-
sa (JONES), a widespread, euryhaline taxon, commonly
found in transitional environments such as lagoons, estu-
aries, and inland ponds. This an opportunistic species, able
to live from almost freshwater to hypersaline conditions,
irrespective of substratum type, vegetation cover, tempera-
ture, and oxygen concentration. C. torosa presents two
morphotypes with different ornamentation of the valves,
and both of them are recorded within this assemblage:
noded and un-noded (although this type prevails). The
co-dominance of noded and un-noded reflects deposition
in a restricted, oligohaline environment, like a low-salinity
inner lagoon possibly with oxygen deficiency, where only
this opportunistic species is able to thrive. Interestingly,
based on their shape and size, all found valves of C. torosa
belonged to male individuals and along with uniform size
suggest their post-mortem transport.

Keywords:  Ammonia parkinsoniana, Cypreides torosa, salt-
marsh, size-frequency graph
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he Transylvanian Basin located in the eastern segment

of the Pannonian Basin System (PBS) provides an ex-
cellent insight into the early evolution of Lake Pannon.
Lower Pannonian deep-water deposits, which are often
buried deep in the Hungarian and Croatian part of the
PBS are exposed on the surface. Despite the stratigraphic
significance and rich fauna, a systematic palacontological
and biostratigraphic evaluation, including palynology, has
not been carried out yet. The detailed multiproxy analysis
(palacontology including palynology, magnetostratigraphy
and authigenic '’Be/’Be dating) of the Gusterita section fills
a significant gap in the chronostratigraphic assessment of
the Pannonian stage in Transylvania.

The Gusterita clay pit near Sibiu exposes a continu-
ous deep-water lower Pannonian section. The outcrop en-
compasses a 55 m thick section of grey laminated or mas-
sive marl and silty marl layers with fine-very fine-grained
cross-laminated sand intercalations. The section hosts a rich
fossil assemblage, including molluscs, ostracods, thecamoe-
bians, fish teeth, otoliths, some partial fish skeletons, and
fossil plants.

Besides molluscs typical for Congeria banatica beds,
organic-walled microplankeon assemblages with dinocysts
in particular, represent a powerful tool for biostratigraphic
subdivision within the PBS. After the connection to the
Eastern Paratethys and the Mediterranean region ceased
around 11.6 Ma ago, Lake Pannon was formed in the Cen-
tral Paratethys area. The brackish-water conditions initiated
a remarkable radiation among organic-walled dinoflagel-
lates. The isolated evolution of these dinocysts resulted in
rapid morphological changes, which formed the basis of
several regional biozonation schemes developed for the
Hungarian and Croatian part of the PBS (e.g., SUTO-SZ-
ENTAL 2000; BAKRAC etal., 2012).

A total of 25 palynological samples have been collected
from the uppermost 25 metres of the quarry. The samples
reveal a moderately diverse, but excellently preserved di-
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nocyst assemblage and several other aquatic (acritarchs &
green algae) and terrestrial palynomorph groups (spore &
pollen). The majority of the dinocysts are endemic Panno-
nian taxa, e.g. Spiniferites pannonicus, Spiniferites oblongus,
and various species of the genus Virgodinium, Impagidini-
um, and Pontiadinium. The Gusterita dinocyst assemblages
resemble those of Spiniferites bentorii 0blongus biozone and
the Pontiadinium pecsvaradensis biozone from the Hungarian
part of the PBS. The biostratigraphic correlation sug-
gests an age range between 11.0 and 10.6 Ma. This age
assignment agrees with the magnetostratigraphy that placed
the section into the C5n.2n long normal polarity mag-
netic chron (11.056-9.984 Ma, ATNTS2012). Similarly,
the calculated age from authigenic '"Be/’Be isotopic dating
provided an age of 10.84 + 0.4 Ma.

The large amount of terrestrial palynomorphs and re-
worked older Miocene taxa (e.g., Polysphaeridium zobaryi,
Cleistosphaeridium placacanthum and Melitasphaeridium
sp.) indicates intense erosion and runoff into the lake from
the adjacent hinterland.

Abundant bisaccate conifer pollen and Zsuga (hemlock)
represent extrazonal vegetation elements originating pro-
bably from the emerging mountains around the lake. Car-
ya (hickory) and 7ilia (linden) are characteristic elements
of a warm-temperate mesophytic broad-leaved deciduous
forests, while the high abundance of Taxodiaceae pollen
indicates the presence of swamps along the shore.

The new data also reveal the palacogeographical con-
nections between the Transylvanian Basin and other areas
of the PBS which ceased by ca. 9 Ma ago. The integration
of the new biostratigraphic subdivision with magnetostra-
tigraphy and authigenic '"Be/’Be isotopic dating represent a
significant improvement of the regional Pannonian chron-
ostratigraphy and its correlation to the global time scale.

Keywords: Neogene, Pannonian, Transylvanian Basin, bio-
stratigraphy, palynology, dinoflagellates
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aleo relative sea-level (RSL) in the Mediterranean is

based on archacological biological and sedimentologi-
cal observations which are not always in agreement. Among
the archaeological indicators fish tanks are considered the
most reliable but they also need determination of their
functional height for evaluating past sea levels (LAMBECK
et al., 2004, 2018; EVELPIDOU et al., 2012)

Saltpans like fish ponds are also intertidal facilities, used
for the last 2000 years in the Mediterranean (MARK, 2002;
MARZANO, 2013). The Eastern Adriatic Sea, focusing
this time on the Dalmatian shore, contains large number
of preserved and historically dated ancient saltpans, now
flooded by the rising sea (DOKOZA, 2015), providing
great potential for RSL indication.

The primary objective of the study is to develop a new
holistic approach combining multi-image photogrammet-
ric techniques for high quality elevation measurements of
the saltpans structures and estimating paleo RSL during the
last 2 ka with sedimentological analysis for identification of
the depositional conditions.

The study includes three selected sites: Makirina bay,
Brbinj in Dugi Otok, and Lavsa Island, Kornati. It com-
bined areal photogrammetry, bathymetry acoustics scan-
ning, underwater archaeological survey of the man-made
structures. Wood and mortar was sampled for dating and
for defining the original environmental conditions of the
saltpans at the time of construction; marine or terrestrial.
In addition, short cores (up to 2m) were drilled in the in-
ner bay where the saltpans existed aiming to determine the
transition from terrestrial/lagoon conditions to hipper saline
saltpans and then to sea water coverage. These transitions
intend to be dated indicating the time and elevation of the
transition from natural conditions to anthropogenic and

back to natural when sea level finally flooded the saltpans.

Once the combined approach will be established, it has
the potential of becoming a significant tool for estimating
RSL for the last two millennia in the Eastern Adriatic Sea,
Central Mediterranean.

Keywords:  Saltpans, Archaeological sea-level markers, Digital
terrain and underwater modeling, sedimentary characteristics,
Dalmatian coast
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he Medvednica Mt. is located in the north-western

Croatia, in the Zagorje-Mid-Transdanubian Shear
Zone, in the junction area of geotectonic units Alps, Tisza
and Dinarides. The main greenschist mass is found in the
central part of Medvednica Mt. (Malo and Veliko Sljeme
— Puntijarka), while small occurrences, in the form of
tectonic zones and in the sinsedimentation position with
metasediments could be found in the north-eastern part of
Medvednica Mt., stretched from the village Mikuli¢ in the
southwest to the Blagusa stream north of Kobiljak locality.

According to the preserved relicts of the ophitic structure
and greenschist geochemical analysis, basalt and diabase with
characteristics of enriched N-MORB, have been confirmed
to be the protholite rocks. Metamorphic changes were crea-
ted by subduction-collision processes from middle Jurassic
to Lower Cretaceous in the greenschists facies, at tempera-

tures from 350 °C to 450 °C and pressure of 3 to 4 kbar.

The greenschist of Medvednica Mt. is closely associated
with different lithostratigraphical units of metasediments:

1) The main greenschist mass is associated with metaradi-
olarite, quartz-chlorite schist, and thinner interlayers of
ankeritized metacarbonate. Fossiliferous content in rocks
(radiolaria and filaments) didn’t allow the protholite age
stratigraphic determination of parametamorphites. In
the Alps-Dinaric region, from the lithofacies point, the
protholite rocks could be positively correlated with the
Middle-Upper Triassic and Jurassic lithofacies.

2) The greenschist interlayered with recrystallized lime-
stone. The recrystallized limestone is determined as mid-
dle Triassic, Anisian (Bithynian-Illyrian) on the basis of
the conodonts.

3) Small greenschist bodies associated with the dark meta-
psamites, black calcitic metapelites and black silty recrys-
tallized limestones. In the recrystallized black limestones,
conodonts are typical for the Upper Ladinian (Upper
Longobardian ) - Lower Carnian (Cordevolian).

4) The greenschist (metadiabase) associated with the meta-
morphosed limestone and the dark metapelite. Based
on conodonts and graptolite metasedimentes, Paleozoic
age was determined. Greenschist protholite is diabase,
assumed to have been created in Permian-Triassic syn-

rift phase.

The protholite rocks (basalt and diabase) age for cer-
tain greenschists were determined to be Middle Triassic,
Anisian (Bithynian-Illyrian) and Upper Ladinian (Upper
Longobardian) — Lower Carnian (Cordevolian). Basalt, the
protholite rocks of the main greenschist mass of Medved-
nica Mt. is assumed to be Middle-Upper Triassic or Jurassic
age. The geotectonic position of greenshist protolite rock
could be connected to the magmatic activity during the syn-
rift Triassic phase and to the formation of western Tethy-
an oceanic realm.

Keywords:  Medvednica Mt., greenschists, protholite age,
Conodonts, Radiolarians
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Modelling of Geological Basins is typically based on

integration of deep seismic and borehole data. In
order to have systematically arranged data needed for the
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interpretation and modelling, it requires establishment of a

basic Interactive Interpretation and Data Correlation Sys-
tem (IIDCS).
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The establishment of a basic Interactive Interpretation
and Data Correlation System (IIDCS) at the Croatian
Geological Survey is one of the main goals of the GeoTwinn
project. GeoTwinn is a Horizon 2020 project intended and
designed to twin the Croatian Geological Survey (HGI-
CGS) with two world-leading geoscience research insti-
tutes; the Geological Survey of Denmark and Greenland
(GEUS) and the British Geological Survey of the United
Kingdom Research and Innovation (BGS-UKRI), leading
to significantly strengthen HGI-CGS’s research collabo-
ration (htep://projects.hgi-cgs.hr/geotwinn/). GeoTwinn
project consists four Work Packages (WPs); (1) 3D geo-
logical surveying and modelling, (2) advanced groundwater
flow and contaminant transport modelling, (3) geological
hazards, and (4) geothermal energy.

The IIDCS is built primarily for the GeoTwinn project,
and will be used for the interpretation of geophysical and
geological data, the advanced reservoir modelling, and fi-
nally, for building an Initial 3D reservoir-properties model
for the greater Zagreb area. It is also the intention of Geo-
Twinn to use the IIDCS for introducing the digital storage,

organization and management of all kinds of geophysical,
geological and petrophysical data available at the Croatian
Geological Survey.

Geological modelling of the greater Zagreb area and
its deep geothermal aquifer is the main objective of WP1.
The model is to be used for modelling of geochemical
processes, and fluid and heat flow modelling in the WP4.
Zagreb geothermal aquifer is situated inside Triassic do-
lostones and dolomitic limestones, and Badenian bioclas-
tic limestones of the Vraple formation. Well data shows
that geothermal aquifer lays in depths between (approx.)
800 to 900 meters, and seismic data shows very com-
plex structural and stratigraphic relations. The bottom
and the base of aquifer were mapped using Halliburton
Landmark DecisionSpace Geoscience software, and the
data was stored into the Interpretation and Data Cor-
relation System (IIDCS) using Halliburton Landmark
OpenWorks database.

Keywords: Interactive Interpretation and Data Correlation
System Geological modelling, Zagreb geothermal aquifer, Geo-

Twinn
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he tombolo is a depositional geomorphological form

(sandbar, barrier or spit) that joins an island or a bar-
rier with the mainland or another island, resulting from
longshore drift or the migration of an offshore bar toward
the coast (WARD, 2004). Two tombolos, recent and sub-
merged, are on the south-western coast of Prvi¢ Island
(Kvarner area, the north-eastern channel part of the Adri-
atic Sea).

Three geomorphological factors are important for the
origin of these tombolos: specific geological fabric, ocean-
ographic conditions and sea-level change during Holocene.

Prvi¢ Island is mostly formed in carbonate rocks consist-
ing of Upper Cretaceous and Palacogene carbonate rocks,
and partially of Palacogene siliciclastic rocks (MAMUZIC
et al., 1969). Most of the island has a typical karstic land-
scape. The investigated area close to Cape Pipa is located
in the central part of the south-western coast. The coastal
relief and geologic fabric are very different in relation to
other coastal parts of this island. There Palacogene flysch
bedrock is partially covered by Quaternary sediments. This
sediment body has a form of irregular triangle with a base
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length of approximately 50 m. The height of this deposit is
10 to 12 m. The stratification is well visible in the sediment
body, where silty sand prevails. Some layers contain angular
fragments and blocks from carbonate rock mass. Cape ver-
tex itself is formed of collapsed blocks of talus breccia and
provide an obstacle to wave motion. Beach sediment body
connects the cape vertex with the coast. Wind waves from
the northwest (tramuntana) and southeast (jugo) generate
longshore currents, which are responsible for coastal ero-
sion and accumulation of sediment in the beach bodies.
Recent tombolo is in a state of equilibrium in the present
climatic and oceanographic condition.

Much bigger triangular tombolo form is clearly visible
on the sea bottom, southeast from Cape Pipa. Paleo-coast-
line is approximately 300 m long. Unusual dark parallel
lines are clearly visible on the ortho-photo image, where
these submerged outcrops look like artificially built walls.
The exploration by scuba-diving has revealed that they
are outcrops of more resistant sub-vertical layers within
the flysch rock mass. Concave traces of ancient coast are
clearly visible on the western side and less noticeable on
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Figure 1. Location map and ortho-photo image of recent and submerged tombolo: A-Cape Pipa, B-the
Nijivice Rock.

the south-eastern side. This submerged tombolo form was
formed behind another obstacle, and it is located at depths
up to 10 m. The Njivice Rock is built of relative resistant
carbonate breccia.

The conditions for forming a submerged tombolo
could have occurred during the sea-level rise during the
late Pleistocene and Holocene (SURIC, 2009; TSIMPLIS
etal., 2009). The sea has flooded the submerged tombolo
probably in the last phase of rapid sea-level rise at the begin-
ning of Holocene. A large part of less resistant Quaternary
sediments and fine-grained flysch rock mass were eroded.
Njivice Rock played an important role in the formation of

Zagreb. Savezni geoloski zavod, Beograd.

181-199.
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the tombolo. This rock provided an obstacle to waves in the
shallow and flattened area.

Two generations of tombolos co-existing at close proxi-
mity is a unique phenomenon in the Adriatic Sea, and pos-
sible in the Mediterranean Sea.
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he syn-rift phase of the extensional tectonics that

formed the North Croatian Basin and the Drava De-
pression within it lasted from Ottnangian to Middle Bade-
nian age (e.g. PAVELIC, 2001, PAVELIC et al., 2018).
Complex changes in the syn-rift depositional environments
during the extension were documented by well cores, well
log suites and 3D seismic data. Half-graben continental suc-
cessions of coarse-grained siliciclastics are often interlaye-
red with volcanic sequences. Their petrologic data are in
accordance with the well log analyses that reveal high gam-
ma-ray values and low bulk density values in acidic vol-
canic rocks vs. generally opposite values in the parts of
volcanic successions determined by petrologic analyses as
andesite-basaltic rocks. Gamma-ray logs often show cyclic
responses that could reflect multiple extrusive events. This
study is a part of the current PhD work and presents the
correlation of the volcanic intervals from ten wells drilled
in the western part of the Drava Depression, as well as
the interpreted 3D seismic sections with their position in
the half-graben successions. Reworked volcaniclastic and

mixed volcaniclastic-siliciclastic deposits represent a minor,
although common part of the half-graben infill in the study
area.

Sedimentological features of some of these sequences
suggest their emplacement by braided streams and con-
glomeratic alluvial fans, which is common in the earliest
deposits of the NCB (PAVELIC et al., 2018). Outcrop
tuff analyses (MARKOVIC, 2017) report both neutral
and acidic tuff successions in the localities in the Slavonian
Mits., Medvednica Mt. and Banovina region. Pyroclastic
sediments from alluvial deposits of near-by Kalnik Moun-
tain were dated on 18 Ma, i.e. Ottnangian age (MANDIC
etal., 2012). The lack of biostratigraphic and radiometric
data in the study area poses questions about the strati-
graphic position of these deposits, although they could be
correlated with very similar sedimentary successions that
were studied from the outcrops of the Slavonian Mountains
(e.g. PAVELIC, 2001; MARKOVIC, 2017).

Keywords: tuff, correlation, half-grabens, Drava depression
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his study focuses on the alluvial fan facies characteri-

stics and their spatial distribution in the eastern part
of the Drava depression, i.e. on its northern margin. A
number of smaller, asymmetrical half-grabens developed
during the syn-rift phase, thus forming the sub-depres-
sions elongated in NW-SE direction which acted as Early
— Middle Miocene depocenters (PAVELIC & KOVACIC,
2018). Sedimentary successions described from the well
cores directly reflect the tectonic activity of the half-graben
bounding normal and listric faults developed through the
early rifting stages in the evolution of the Drava depression.
The described sediments belong to the Mosti Member, Mo-
slavacka Gora Formation and are important HC reservoirs
in the Drava Depression (e.g. MALVIC & VELIC, 2011).

As a part of the PhD research, alluvial fans were mapped
in the 3D survey as moderate to high-amplitude reflectors
delineating wedge-shaped sedimentary bodies with internal
seismic facies consisting of hummocky and almost chaotic
reflections. NW-SE seismic sections show roughly lobate,
overlapping, amalgamated sedimentary bodies comprising
several episodes of alluvial fan development. Interpreted
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perpendicular sections reveal general N-S to NNE-SSW
sediment transport direction, which is in accordance with
analysed clast provenance.

The main constituents of the studied sedimentary suc-
cessions are breccias, matrix-supported, poorly sorted, rarely
clast-supported conglomerates as the products of debris
flow and occasionally conglomeratic sandstones with mud-
stones probably deposited as sheetfloods or flood flows. A
large number of sedimentological models of recent and pa-
laco-fans in arid and semi-arid rift valleys that comprise the
outcrop (e.g. PAVELIC & KOVACIC, 1999; PAVELIC,
2001) and subsurface data set, i.e. 3D reflection seismic,
well core and well log data define the models of alluvi-
al fan development. Similar sediments were described in
this study based on sedimentological analyses showing the
prevalence of coarse-clastic deposits, post-depositional al-
terations as oxidation, occurrence of calcrete, lack of pre-
served fossils and the geometry of alluvial fans revealed in
analysed seismic sections.

Keywords: alluvial fans, coarse clastics, half-grabens

MALVIC, T. & VELIC, J. (2011): Neogene Tectonics in Croatian Part of the Pannonian Basin and Reflectance in Hydrocar-
bon Accumulations. In: SCHATTNER, U. (ed.): New Frontiers in Tectonic Research: At the Midst of Plate Convergence,

PAVELIC, D. & KOVACIC, M. (1999): Lower Miocene alluvial deposits of the Pozeska Mt.(Pannonian Basin, northern Cro-
atia): cycles, megacycles and tectonic implications. Geol. Croat., 52, 67-76.
PAVELIC, D. (2001): Tectonostratigraphic model for the North Croatian and North Bosnian sector of the Miocene Pannonian

PAVELIC, D. & KOVACIC, M. (2018): Sedimentology and stratigraphy of the Neogene rift-type North Croatian Basin (Pan-
nonian Basin System, Croatia): A review. Marine and Petroleum Geology, 91, 455-469.

y G

6™ CROATIAN GEOLOGICAL CONGRESS

- ABSTRACTS 27



Early Miocene Lake Successions in the Drava Depression,

North Croatian Basin
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he late phase of the early continental syn-rift deposi-

tion in the North Croatian Basin, Pannonian Basin
System, was described from a number of surface localities
in the Drava Depression (e.g. PAVELIC & KOVACIC,
2018). Coarse grained delta successions cropping out on
the Pozeska Mountain were described as Gilbert-type del-
tas with a primary sedimentary dip of 30° that prograded
into the large, hydrologically open lake (PAVELIC, 2001;
PAVELIC etal., 2016). Similar geomorphological features,
i.e. prograding clinoforms, were detected during current
PhD research in the Drava depression with the focus on
mapping of syn-rift successions. Interpreted seismic sec-
tions highlight the main structural features of the syn-rift
phase in the Drava depression and its subdepressions.
These elongate depocenters are bounded by the main NW-
SE striking listric and normal faults with minor NE-SW
striking and SE dipping faults. Listric normal faulting and
the southward backstepping of the fault escarpment are
the main extensional features in the Drava Depression
(PAVELIC & KOVACIC, 2018). The main faults defined
the basin margins and controlled the deepening of the
depocenters during the syn-rift phase. One of the deep-
est early Miocene depocenters is situated in the central to

eastern part of the Drava depression. Two subdepressions
merge there into the area with significantly larger tectonic
subsidence. It provided accommodation space big enough
for coarse-grained deltas to develop, forming successions of
more than 300 m of freshwater sediments.

Well core data from several wells in the study area reveal
the following lithofacies succession: the oldest sediments
that overlie the basement are conglomerates and debrite
breccias, followed by thin layers of sandstones, siltstones
and marls, occasionally interlayered with tuff. Fossils are
rare and are mainly represented by ostracods and only a few
mollusc shells and gastropods. Fragments of oxidized plant
fragments are more common. Similar sediments, occasio-
nally with analcime, were already reported from the Papuk
Mountain (e.g. SCAVNICAR et al., 1983). Transition from
alluvial sediments to the fine-grained lake sediments is nice-
ly visible at the Banic¢evac location, Psunj Mountain.

This study shows good correlation between the data
provided by these outcrop studies and the subsurface data
from several deep exploratory wells.

Keywords: syn-rifi, depocenters, lake
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A Report on the Well-Preserved Miocene Volcanic Cone from
the Drava Depression, North Croatian Basin — Inference from

the Deep Seismic Reflection Data
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he large volume of effusive volcanic rocks and pyro-

clastites in the Drava Depression indicates a close in-
terplay between the magmatism and extensional tectonic
activity during Lower to Middle Miocene (e.g. PAVELIC,
1998, PAVELIC & KOVACIC, 2018). These findings are
in accordance with the well-core data from numerous wells
in the Drava depression. Volcanic breccias, andesitic-basal-
tic lava flows, as well as different types of acidic pyroclastic
rocks (e.g. ash fall wuffs, pyroclastic flows) were reported
from the cored syn-rift successions, but so far without re-
search on the possible volcanic source areas.

This study presents the first example of a preserved vol-
canic cone obtained from deep seismic reflection data and

supported by the well data.

Eroded volcanic features were inferred from the ex-
posed volcanic successions only in one surface location
near the study area. Lower Miocene volcanic activity was
documented in the area of Mt. Krndija in the Slavonian
Mountains (PAMIC et al., 1993) and was attributed to
the initial phase of rifting in the Drava Depression. Ac-
cording to mineral paragenesis, structures and textures,
the authors concluded that described trachyandesite
represents the part of volcanic succession of the eroded
volcanic dome that intruded the basement metamorphic
complex and Lower Miocene coarse clastic sediments with
tuff intercalations. K-Ar measurements gave the age of
trachyandesite between 16 and 15.4 Ma (PAMIC et al.,
1993).
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In this study, two 3D seismic volumes as well as a broad
network of 2D seismic reflection profiles were used in the
subsurface mapping of the Lower Miocene sedimentary
bodies. These sediment successions belong to the Mosti
Member, Moslavacka gora Formation, which is a common
hydrocarbon-bearing formation in many parts of the Drava
Depression. The study is a part of the corresponding author’s
PhD research which also includes the conclusions about
possible hydrocarbon traps. While exploring for stratigraph-
ic and structural traps in order to improve the identifica-
tion of possible hydrocarbon migration pathways, a part
of conducted PhD research included detection of vertical
hydrocarbon migration geological features i.c. gas chimneys.
Their weak seismic expression is recognized both on 2D and
3D seismic sections as low-amplitude, chaotic, sub vertical
features. In a few observed cases gas chimneys are also as-
sociated with small-scale folds above them. Gas chimneys
were detected throughout Pannonian s.1. sediments, some of
them reaching the base of Lake Pannonian clinoforms. Fur-
ther detailed analyses of reflection seismic profiles revealed a
well-preserved volcanic cone with gas chimneys associated
to the main volcanic vent and two auxiliary ones.

Petrographic data from well cores of the three deep ex-
ploratory wells show that magma firstly intruded the meta-
morphic basement, then the non-fossiliferous breccia and
conglomeratic complex of possible Ottnangian age and was
finally capped by Pannonian sediments.

Keywords: volcanic cone, tecronic activity, Drava Depression
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his study investigates a coastal boulder deposit that

was recently identified along the Northern Adriatic
coast (Premantura Promontory, Istria, Croatia; BIOLCHI
etal., 2019). Accumulations of large boulders have not pre-
viously been reported in the North Adriatic Sea, which is
a semi-enclosed basin elongated in the SE-NW direction.
In particular, we devoted our attention to the mechanisms
that may be responsible for the detachment and transport
of these large limestone rock fragments, from dm to metric
in size, from the emergent part of the coast and from the
seabed towards inland areas. For this reason, we adopted a
multidisciplinary approach including geological and geo-
morphological surveys, climate analysis, hydrodynamic
modelling together with the use of an Unmanned Aerial Ve-
hicle (UAV). Moreover, “C AMS datings have been made
in order to possibly constrain the age of the detachment of

studied boulders.

The deposit is composed of 950 clasts and lies on a
low-lying limestone promontory, located in the south-
ernmost tip of Istria, where the topography, the exposure
towards the south, together with the bedding planes and
dense joint pattern constitute the predisposing factors for
boulder size and detachment.

We focused on an isolated boulder characterized by fresh
marine carbonate encrustations. Its arrival was reconstructed
by means of historical satellite images, wave data and hydro-
dynamic models and was ascribed to a severe storm which
occurred during early 2014. Concerning the remaining
boulders, thanks to '“C AMS datings, their deposition can
be explained by multiple past extreme wave events.

We explain the boulders detachment as due to frost
and salt weathering during severe bora conditions, when
air temperatures are below 0°C and waves and associated
sea spray fill limestone cracks with water. The freezing and
subsequent thawing may cause further ruptures and eventu-
ally detachment of limestone fragments. Then, the boulders
are carried onshore during major sirocco events when much
longer and higher waves are generated. We estimate that
sirocco-generated wave heights can exceed ~15 m, which
is enough to transport most of observed boulders to their
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Figure 1. The isolated boulder emplaced to the coast from the bottom of
the sea by extreme waves during 2014. The boulder was recently moved by
a strom to the present day position (left, a researcher for the scale), while
the ridge of the coastal boulders (right) was emplaced by historical storms
ar Cape Kamenjak (Premantura, Southern Istria, Croatia).

present-day location, according to hydrodynamic equa-
tions results. We hypothesize that the boulder detachment
mechanism was more effective during the past, when the
coastal slope was intact and the boulders were progressive-
ly removed and thrown onto the upper storm berm that
represents the maximum inundation limit reached by the
boulders. Through the centuries, the coast has been erod-
ed through the removal of rocks and has been shaped by
truncations of the gently dipping limestone beds that acted
as ramps for boulder movements along channels delimited
by scarps. The mechanism might have also been favoured
over the centuries by slow sea-level rise inundating new
portions of the rocky coast, bringing seawater into con-
tact with limestone beds that were previously stable, in a
subaerial environment, causing their resizing and rupture.

During the recent 29" October 2018 storm, when si-
rocco-induced waves reached elevations up to 13 m, ten
boulders have been moved. In particular, the isolated boul-

>



der — emplaced during a severe storm in 2014 — was moved
3 m towards inland with a counterclockwise rotation of 18°
(Fig. 1). Boulders that have been interested by movements
lie 32 m from the coastaline, about 3 to 4 m a.s.l. These
recent movements are evidence of extreme wave power in

411, 62-77.
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laciokarst is a karst area transformed by ice, mainly
by the influence of glaciers during the Pleistocene
glaciations (VERESS et al., 2019). Velebit Mt. is highly
karstified area with lot of different surface and under-
ground karst features. Northern Velebit is known for its
numerous, large and deep dolines and especially for the
deep vadose zone, where deep caves developed (three are
deeper than 1000 m). Due to its complex hydrogeological
structure, Central Velebit is characterized by a diversity
of surface morphology with numerous ponor zones where
large caves have developed. The present research has also
shown some preserved geomorphological and sedimentary
traces of Pleistocene glaciation on the surface (BOGNAR
etal., 1991; BOGNAR & FAIVRE, 2006; VELIC et al.,
2011; VELIC et al., 2017) and in the karst underground
(BOCIC et al., 2012; BOCIC et al., 2013). The aim of
this study was to expand knowledge on the geomorpho-
logical traces of glaciation, areas of their distribution, and
particularly about the mutual influence of the karst and
glacial processes on the surface and underground relief.
The main methods used were morphometric analysis and
geomorphological mapping.
Various denudational e.g. erosional (cirques, glacial
valleys, hanging valleys, etc.), depositional (different types
of moraines, drumlins, eskers, erratic blocks and mo-

phologie, 56/4, 409-433.
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raines-originated debris) and combined glaciokarst forms
(dolines-cirques, uvalas-glacial valleys and glaciokarst de-
pressions) on the surface were recorded. Also, cave sedi-
ments of glacial or fluvio-glacial origin were recorded. All
these morphological traces are difficult to detect due to the
modification of subsequent geomorphological processes,
especially by karstification. On the other hand, the melting
of glaciers (deglaciation of the area) had a positive impact
on karst development. This impact is not evenly distribu-
ted, so the area is divided into three zones. The central zone
includes the highest area of Northern and Central Velebit.
Here the drainage of meltwater took place exclusively in
the underground through the epikarst and the vadose zone.
This has favoured the genesis and development of deep ver-
tical caves. The coast-side zone includes the western slopes
dominated by surface drainage of the meltwater. This is
how deep gullies in carbonate rocks have been formed. The
lower parts of these gullies were subsequently submerged
by sea level rise. The inner zone includes the eastern slopes
of the research area. It is the most heterogeneous zone and
includes the surface and underground drainage of melt wa-
ter. In this zone, most remnants of cave sediments of the
glacial origin have been found.

Keywords: geomorphology, karst, glaciation, glaciokarst, Ve-
lebit
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nder the project InvestRM, multi factor analyses of

Bosnia and Herzegovina raw materials, composed of
the following elements: (1) Legal data; (2) Social data; (3)
Economics data, and (4) Geological data for a total of 120
deposits/geological occurrences of critical raw materials
(CRM) existing in B&H — antimony, bauxite, fluorite,
magnesite, was conducted. For the purpose of harmoniza-
tion and standardization of the CRM geological data are
aligned with Mineral intelligence network structure and
recommendations of the Raw Materials Initiative, making
a fundamental contribution to the European Innovation
Partnership on Raw Materials (EIP RM).

CRM deposits are described in tables containing fol-
lowing information: basic geological information, deposit
characteristics, raw materials characteristics, reserve chara-
cteristic, processing characteristic, waste/environmental
characteristic and some additional information including
supporting literature. Information for each of the depo-
sits have been divided in three categories considering data
quality. Data level represents the combination of available
references for specific deposit and ability of information to
express required characteristics.

Level A: Data are based on references that describe the
specific deposit (Technical documentation, Reports, Scien-
tific papers, Geological maps) or references that in details
describe the area with similar geological characteristics (for
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example RAMOVIC et al., 1979). Moreover, the bench-
mark for assessing this level is at least % of essential char-
acteristics delivered in the deposit template.

Level B: Data are based on references that describes the
deposits wider area (Publications, Scientific papers, Geo-
logical maps), with similar geological characteristics. The
second benchmark for assessing this level is at least %2 of
essential characteristics delivered in the deposit template.

Level C: Data are based on references that describes the
deposit’s wider area on regional scale (Publications, Scienti-
fic papers, Geological maps). In this group less than %2 of
essential characteristics are delivered in the deposit template.

Data level A and B are obtained for 13 antimony depo-
sits, 42 bauxite deposits, 5 fluorspar deposits and 38 mag-
nesite deposits, while only 22 of the studied deposits have
data level C. Geological data, supported with raw materials
tailored legal, economic and social data for canton, entity
and B&H will be fully accessible via project web page at
http/investrm.eu by the end of 2020.

The project is funded by the European Institute of
Innovation and Technology (EIT), a body of European
Union, under the Horizon 2020, the EU Framework Pro-
gramme for Research and Innovation.

Keywords: InvestRM on-line tool, critical raw materials, mul-
tifactor country analyses, Bosnia and Herzegovina
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he term natural organic matter (NOM) refers to a

group of organic substances which can be found in
surface water and groundwater as a result of natural pro-
cesses. In a major part NOM is a product of plant deg-
radation and various other biological activities such as
metabolic activity of algae, protozoa and microorganisms
as well as excretion of fishes and other aquatic organisms
(BOLAN et al., 2011). In this paper NOM has been ob-
served as total organic carbon (TOC). Considering that
the TOC is mainly contained in the soil zone, from the
hydrogeological point of view it might be used as a tracer
for infiltration. The behavior of tracer varies considerably
between the high and low flow periods (BATIOT et al.,
1998). The TOC concentration, chemistry and composi-
tion in natural water are highly variable and depend on the
sources of organic matter, chemistry of the environment,
ionic strength, pH, temperature, major cation composition
of the water and on the presence of microbiological and
photolytic degradation processes (BOLAN et al., 2011).
The determination of TOC concentration in an aqueous
solution, such as a sample of wastewater or potable water,

is important in different fields including pollution and in-
dustrial processing situations.

Measurements were conducted during 17 months, from
March 2018 to July 2019 at 9 springs in the northern part
of the Dinaric karst in Croatia. The study case encompass-
es two hypsometric levels of spring and sinking zones of
two karst rivers Dobra and Mreznica. Former studies have
shown the complex and heterogeneous karst system of the
study area (BIONDIC et al.; 1986, BOJANIC, 1973; BA-
HUN, 1968; POLJAK & HERAK 1947, PRELOGOVIC
et al., 2005). The whole area is significantly disturbed by
the tectonic activity. Main structures and faults generally
have the typical Dinaric strike (NW-SE), in some cases N-S
due to neo-tectonic activity (PRELOGOVIC, 2005). The
natural hydrogeological dynamic of the aquatic ecosystem
were additionally disturbed by the construction of hydro-
technical infrastructure like tunnels, dams and accumula-
tions for hydropower plants. This complex karst system is
defined as the boundary zone between deep and shallow
karst zone (BOJANIC, 1973; KOVACEVIC, 2005). In
deep karst zone, groundwater is located on a significant

depth with complex and unpredictable flow-
paths as a result of intensive karstification. In
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contrast, carbonate deposits in shallow karst
zone are thinner, and impermeable deposits
are more common (Tertiary flysch) causing
this zone to be rich in surface hydrology with
shallow groundwater levels (BAHUN, 1968;
KOVACEVIC, 2005).

In order to determine hydrodynamic pro-
cesses, the following parameters were meas-
ured #7 situ: electrical conductivity (EC), pH,
oxygen and temperature of spring water on the
monthly base. Spring water have been sampled
and analysed for cations (Ca**, Mg*, Na*, K¥),
anions (Cl, SO, NO;) and TOC in hydro-
chemical laboratory of the Croatian Geologi-
cal Survey. The scope of this paper is to show
the preliminary results and initial relationship
between total organic carbon (TOC) and oth-
er observed hydrogeological parameters.

Keywords: karst, TOC, hydrogeology, natural
tracers, infiltration

Figure 1. Hydrogeological map of the study area.
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Europe has a large potential for the production and
self-supply of tungsten-tin-tantalum-(lithium) (in fur-
ther text: W, Sn, Ta, and Li) — raw materials ‘critical’ for the
economy. Despite their deposits being abundant, specific
problems related to their exploration, resource evaluation,
mining, and concentrate production hamper their deve-
lopment. This project aims to overcome these limitations,
leading to the opening of new mines by providing innova-
tive tools for deposit targeting & development.

Project iTARGET (duration 2018 —2021) aims to pave
the way for Europe’s self-sufficiency in an entire suite of
critical raw materials — W, Sn, Ta, Li, and the tools deve-
loped will be largely applicable to other mineral deposit
types and commodities as well. Europe possesses the metal
resources required to make it self-sustainable and to en-
sure the demand of its industry for many decades. The
iTARG3T project aims to contribute significantly to the
discovery and development of new W, Sn, Ta, Li deposits
in Europe by improving exploration success in environ-
ments that are technically challenging and developing mi-
neral processing solutions that will make ores increasingly
economic to mine. The combination of exploration with
the prediction of geometallurgical behaviour of ores and
innovative approaches to obtaining the social license for
mining will add value to many existing and new projects
and improve the capability of decision makers of going
ahead with these projects.
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'The relationship between felsic peraluminous granitoids
and W-Sn-Ta mineralization has been known for a long
time but the classical methods using major element geo-
chemistry — with only a few trace elements — are currently
superseded by new analytical techniques, isotope geochemi-
stry and highly detailed mineralogy. In brief, mineralizing
granites are supposed to be the roots of the vein systems
hosted by schists or earlier granitoids or replacement bo-
dies in skarns, but they can host significant mineralization
including W(Sn) rich porphyries or sheeted vein systems.
The aim of this task is to develop tools for the characteri-
zation of granitic units that are the most suitable for being
mineralized, either in the exocontact (skarns and veins) or
endocontact (sheeted vein systems, disseminations).

The approach for defining these granites includes:

(a) Lithogeochemistry of trace and immobile minor
elements such as Ti, Ta, Nb or Zr;

(b) Zircon morphology and trace element geochemi-
stry; and
(¢) St/Nd isotope geochemistry.

In the area of Bosnia and Herzegovina and Serbia seve-
ral granite-related W-bearing occurrences exists (Motajica
Mt., Prosara Mt., Srebrenica area, Mid-Bosnian Sheets
Mis. and Focéa-Prac¢a area in Bosnia and Herzegovina, and
Bukulja mt., Cer Mt., localities Blagojev Kamen, Ciganku-
lja, Iverak, Osanice, Tanda, Golija Mts. and Kopaonik Mts.

.



in Serbia; JANKOVIC, 1967; RAMOVIC et al., 1979)
and two are going to be investigated in more details: (1)
Motajica Mt., Bosnia and Herzegovina, hosting Paleogene
granite cross-cut by pegmatite-albite bodies, greisens and
quartz veins including traces of W and Sn with developed
alteration zones (JURKOVIC, 2004) and (2) Blagojev
Kamen, Serbia, hosting chloritic schist of igneous origin
and metavolcaniclastic (meta-volcanosedimentary) rock of
undetermined age (?Precambrian) with developed grani-

tic and peri-granitic veins and stockworks (greisen): Sn-
W, (Cu, Bi, Sb, base metals; JANKOVIC, 1982; SCHU-

Bulletin, 16, 31-46.
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to 100 m long and 1.2 m thick, containing 1-3.5% WO,.
The area was previously under exploitation.

The project is funded by the European Institute of
Innovation and Technology (EIT), a body of European
Union, under the Horizon 2020, the EU Framework Pro-
gramme for Research and Innovation.

Keywords: iTARGET, European Variscan granites, W-Sn-Ta-
(Li) deposizs, exploration

JANKOVIG, S. (1982): Yugoslavia. In: DUNNING, EW., MYKURA, W. & SLATER, D. (eds): Mineral deposits
of Europe, vol. 2: South eastern Europe. The Minerals. Society, IMM, Springer, 143-202.
JURKOVIC, 1. (2004): Metallogeny of Eocene syncollisional granites of Motajica and Prosara mountins. MGP

RAMOVIC, M., KUBAT, I., VELJKOVIC, D., KULENOVIC, E. & DURIC, S. (1979): Obojeni, plemeniti i
rijetki metali. In: CICIC, S. (ed.): Mineralne sirovine Bosne i Hercegovine [Mineral raw materials of Bosnia

and Herzegovina], Drugi tom, Knjiga III, LeZi$ta obojenih metala, GeoinZenjering, Sarajevo. Geoengineering

Sarajevo, 7-120.

SCHUMACHER, FE. (1954): The ore deposits of Yugoslavia and the development of its mining industry. Econ.

Geology, 49, 451-492.

Research into Shallow and Deep Geothermal Potential

of the Zagreb Area (Croatia)

Stasa Borovic", Marco Pola', Kosta Urumovic', Josip Terzi¢!, lvica Pavici¢?,

Perica Vukojevi¢® & Marko Speli¢'

1 Croatian Geological Survey, Sachsova 2, 10 000 Zagreb, Croatia

2 University of Zagreb, Faculty of Mining, Geology and Petroleum Engineering, Pierottijeva 6, 10 000 Zagreb, Croatia
3 HIDRO-GEO PROJEKT d.o.0., Vjenceslava Richtera 4, 10 000 Zagreb, Croatia

* corresponding author: sborovic@hgi-cgs.hr

rban areas represent the most important market for
Ugeothermal energy. The City of Zagreb is by far the
largest urban agglomeration in Croatia with a population
exceeding 800,000, and population density higher than
1,232 inhabitants per km? (DZS, 2018), with heating sea-
son lasting 220 days annually, and a significant potential for
both deep and shallow geothermal applications.

Deep geothermal resources are aquifers comprising
Badenian bioclastic (Lithotamnium) limestones of the
Pre¢ec Fm (M) and dolostones, limestones and dolomi-
tic limestones of the Middle and Upper Triassic (T,.).
Boreholes have penetrated the aquifer at depths gene-
rally ranging from 800 to 900 m in the central area of
the geothermal field, and the water temperatures range
from 57 to 85 °C (BOSNJAK et al., 1998). Zagreb geo-
thermal field had been investigated since 1980-s, but the
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utilisation level is poor considering the available resource
inside densely populated area with existing district heat-
ing system. Vintage exploration data are currently being
digitalised for the purpose of making a 3D model of the
subsurface and thermal model in the scope of Horizon
2020 GeoERA project HotLime.

Although thermal water occurrences are generally a
spectacular phenomenon, 85% of the investment into ge-
othermal in the EU is directed toward the shallow subsur-
face, i.e. heat pump utilisation (EGEC, 2018). Its advan-
tages constitute almost omnipresent potential, lower in-
vestment risks and possibility of reversible regime (heating,
but also cooling, which has high load in urban surround-
ings). In the alluvial part of Zagreb urban area it is more
favourable to use groundwater heat pumps (GWHPs),
while at the foothills of Medvednica Mt. ground source
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heat pumps (GSHPs) are successfully installed. Shallow
geothermal potential of the area will be investigated in
the scope of Horizon 2020 GeoERA project MUSE. The
research will concentrate on GWHP applications because
the same aquifer is utilised for water supply, and prospects
for GSHP installation have been investigated by a previous
project GeoMapping (BOROVIC et al., 2018, SOLDO
etal., 2016).

There exists a competition of multiple users in the shal-
low subsurface of urban areas (water supply and sewerage
systems, geothermal systems, deep underground construc-
tions like hydro-insulated underpasses, underground ga-
rages and deep foundations), which can become a conflict
issue. That is why existing workflows must be adapted to
the needs of local scale urban areas, which will represent

Engineering Bulletin, 33, 27-35.
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the most important SGE market in the future and drive
heating and cooling sector decarbonisation.

Both of the mentioned projects have foreseen a wide
outreach toward scientific, professional, and general pub-
lic, as well as toward the regulatory bodies and decision
makers, with the final aim to increase the uptake of this
readily available resource in the common pilot area, as well
as to transfer good practices to other urban areas. That will
be achieved through knowledge and experience exchange
between sixteen European geological survey organisations
which participate in the projects and presented through
web sites, GeoERA Information Platform (GIP-P), fact-

sheets, workshops, and congress communications.
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he methodology of the Basic Geological Map of NP

Kornati is based on the recognition of the existing
and separation of new lithostratigraphic units and the
definition of the stratigraphic and structural position of
the successions. NP Kornati area (small central part of the
former Mesozoic Adriatic Carbonate Platform) is 217 km?
of which land surface (89 islands) makes 50 km?. Field
geological mapping of NP Kornati has resulted with data
of deposits distribution, tectonic deformations and struc-
tural-tectonic relationships. Map production implies prepa-
ration of the existing documentation, prospection, defining
and sampling of stratigraphic sections/profiles, geological

mapping and reambulation, cabinet and laboratory re-
search (KORBAR et al., 2012).

Project team of CGS, with the financial and logistical
support of the NP Kornati (03/2018-03/2019) performed
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the predefined activities: geological mapping, defining and
sampling of stratigraphic sections/profiles, structural-tec-
tonic research, sampling of selected speleological objects,
field input and graphical data display, reambulation, pro-
duction of geological map in printed form, creating vector
and raster files. Map contains 12 lithostratigraphic units
with stratigraphic range from lower Cenomanian to Holo-
cene, 10 formations (Belej, Milna, Sv. Duh, Basina, Gornji
Humac, Foraminiferal limestone, Terra rossa, Brown soil,
Rock creep and Storm blocks) and 2 members (Baldarin
and Gradisée). Belej formation (lower-middle Cenomani-
an) deposits are presented with medium to thick-layered
pelagic limestones with calcisphere and planktonic fo-
raminifera. Milna formation (lower-upper Cenomanian)
are dominantly presented by shallow-marine mud and
grainy limestones (with a periodic appearance of Chondro-

.



donta coquina), concordantly follows by Sv. Duh formation
(upper Cenomanian-lower Turonian) with thick-layered
pelagic (calcisphere and planktonic foraminifera) lime-
stones. Gornji Humac formation (Turonian-Campanian)
is composed mainly from peritidal limestones with nume-
rous benthic foraminifera, Taumathoporella, Decastronema
and rudists (Radiolitidae, Hippuritidae). In the central and
south-eastern limited area of the NP Kornati, Foraminiferal
limestones (lower-middle Eocene) disconcordantly overlay-
ing on GH formation. The characteristics of these deposits
are thick-layered limestones with abundance of large ben-
thic foraminifera (Alveolina, Nummulites, miliolidae). Lo-
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cally isolated occurrences of Terra rossa, Brown soil, Rock
creep and Storm blocks are also shown on the map. Genera-
lly, Dinaridic NW-SE thrusting (Paleogene-Neogene) and
N-S (Pliocene-Quaternary) tectonics marks the tectonic
map of the Kornati area. Other objectives of cooperation on
BGM of the NP Kornati were better preventive protection
of the area, geological processing 42 speleological objects,
enrichment of visitor centre content, education about the
value of NP area, help in branding the area, and publication
of scientific and popular-scientific papers in journals.
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og iron ores are sedimentary types of iron deposits (RA-

MANAIDOU & WELLS, 2014), typically occurring
in low-lying areas such as swamps, bogs and meadows or
river valleys and microdepressions with a groundwater table
situated close to the surface (KACZOREK & ZAGORSKI,
2007). They represent terrestrial accumulations of Fe ore
in the form of various Fe oxides and oxyhyroxides, such
as goethite (BANNING, 2008) and are often developed
in hydromorphic, loamy, sandy and clayey alluvium and
soil (DE GEYTER et al., 1985, LANDUYDT, 1990).
During several decades of archaeological investigations
throughout the Podravina region, numerous sights of iron
smelting workshops, furnaces and iron slag materials were
found (VALENT et al,, 2017). Archacological eviden-
ces indicate presence of near-by bog iron excavation sites
(SEKELJ IVANCAN, 2017). The aim of this study is to
present evidences for possible bog iron ore formation in
the wider area of the Drava River valley, Podravina region,
NE Croatia. Based on high amounts of archacological evi-
dences and findings pointing toward the usage of bog iron
ore in Podravina region, detailed geological exploration
was conducted in the area. A total of 44 soil profiles were
drilled, most of them in the vicinity of previously estab-
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lished archaeological locations. Six soil profiles, consisting
of five Gleysols and one Fluvisol were selected for further
mineralogical, geochemical and textural analyses due to
visible iron accumulations throughout their depth.

The X-ray diffraction (XRD) analyses confirmed
goethite, quartz, clay minerals, plagioclase, feldspars, and
sporadically dolomite. Chemical analyses indicate varia-
ble, but high concentrations of iron oxide in all profiles,
generally higher than median values for Podravina region
(HALAMIC & MIKO, 2009). Kalinovac-Hrastova Gre-
da profile shows highest concentration of Fe,O; (31.52%)
at 60—80 cm depth, while remaining profiles show Fe,O,
concentrations between 3.97-10.90%. Concentrations
of As (1.8-563.6 ppm) and P (484-4513 ppm) show
high enrichment values of these elements in the selec-
ted soils. Textural analyses indicate high amount of silt
and sporadically sand in all profiles, with relatively small
amounts of clay. Enrichment factor of Fe,O; shows sig-
nificant enrichment in Kalinovac-Hrastova Greda profile,
indicating possible ore formation. Based on microelement
distribution of Ce, Cs, Hf, La, P and Zr, all soils show
a common parent material, but significant differences
in concentrations of Fe and other major oxides indicate
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different formation processes. This is attributed to diffe-
rences in soil texture of selected soil profiles, oscillations
of groundwater table (BRKIC & BRISKI, 2018), and
changes of oxidative and reductive conditions. The results
of this study indicate that Podravina region is a suitable
area for the formation of bog iron ore, although recent

gineering in Life Science, 8/6, 641-649.

173-177.
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conditions inhibit formations of bog iron ore due to
changes in agriculture and melioration which are altering
groundwater levels.
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he mission of a museum is, among other things, to

educate a wide range of audience about the field of
its expertise. The museum communicates with visitors
through exhibitions but also through a medium of museum
publications. Publications serve to transmit and distribute
professional and scientific knowledge to museum visitors.
Museums task is to promote geological heritage. The inclu-
sion of geological and geomorphological heritage in tourist
offerings becomes increasingly important (MIKHAILEN-
KO & RUBAN, 2019). Many museums use marketing
ideas to reach their visitors needs (BULJUBASIC & JU-
RIC, 2016).

Geology-themed museum publications are aimed at
presenting some of the most important or popular sites of
geological heritage throughout Croatia, represented by the
geological findings stored in the holdings of the museum
collections. This gives them influence in the promotion of
geology and geological heritage sites. Thus, museums with
their activities, together with the geological heritage 7 situ,
form a whole, significant for the popularization of geology,
geological sites, but also for strengthening the implementa-
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tion of the active protection of geological heritage on regio-
nal, national and international levels. A few museums have
a continuous production of geological publications: Croa-
tian Natural History Museum, Krapina Neanderthal Mu-
seum, Natural History Museum Split and Natural History
Museum Rijeka. Some of the city and county museums oc-
casionally publish publications of geological themes in cases
if they have a geological or paleontological collection in the
museum, if there is a geological or paleontological site in
their vicinity that museum wants to promote, or to create it
asa brand, or in case if they host guest exhibition (ZWICK-
ER et al. 2008). Geologically-themed publications are also
considered according to target groups, their interest or age
(RADOVANLIJA MILEUSNIC, 2013). Some of them
are aimed for the experts but the majority are for begin-
ners and geology amateurs (KIERSTEN & SIMMONS,
2014). The role of those publications is to inform, educate
on geological terms, geological sites, events that happened
in certain geological periods, but also on some significant
and especially important geologists. Also, they should en-
courage curiosity or open the way to some further, more

.



thorough professional expertise. Geology can be learned
from early ages through colouring and picture books which
can be their first encounter with geology, fossils or minerals.
The very widespread type of publications are guides, rather
interesting reading material, also useful for use in nature
while walking or hiking, due to their contents that can help
in identification when looking for a fossil, mineral, rock or
some geological phenomenon (HOSE, 2016).

Recently, visitors show a growing interest for the so-
called non-book material (but still considered as publi-
cation). A bookmark illustrated with geological periods
turned to be a favourite among students and adults, pre-
cisely because it gives useful, short info about geological
periods (names, years, type of life). A poster of an inter-
esting geological phenomenon, or, for example, a poster
presentation of a mineral or fossil collection, has not only
an aesthetic function in public or private space but at the
same time, it informs about the existence of such geological
phenomenon or collection. Such motifs promote, as well
as »invite« people to visit the museum or the locality. Some
of the non-book publications we consider as souvenirs but
they also have an educational purpose and serve to popu-
larize geology. A postcard of a geological site or fossils or
minerals with a mapped location may inspire curiosity and
encourage the recipient to visit the site. The cup with print-
ed motifs of the geological alphabet, besides its primary
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use, has an educational function by promoting geological
terms so they can become more familiar to the user. Pri-
mary and secundary shool children make the majority of
museum visitors. Museum are not schools so the learning
must be different, informal (MAROEVIC, 1990). We are
aware of insufficient teaching about geology in our schools
so geological museum publications are an excellent comple-
mentary tool to the inadequate school curriculum. Those
publications are useful both to the teachers and students
as auxiliary school supplements, also helpful in planning
of school (and family) excursions because they can serve as
guides at a specific location. Museum have an important
role in geoturism (JAKUBOWSKI, 2004). The populari-
zation of geology through such museum publications has
an increasingly important role in geotourism.

The goal of producing geologically themed publica-
tions, with above mentioned, is certainly national and in-
ternational promotion of the Croatian geological heritage.
The Museum with its promotional activities and the pres-
entation of geological publications, and participation in sci-
entific and cultural manifestations promotes and stimulates
public interest for geology. Purchasing geological-themed
museum publications is a good indicator of interest for

geology, and for geological heritage as well.

Keywords: museum, publications, geology, geological heritage
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Environmental tracers in ground water are naturally
present substances and physical properties of the wa-
ter that are depended on flow properties and processes
happening within the groundwater flow system. Monito-
ring of such tracers in karst spring water enables insight
in characteristics of typically extremely heterogeneous and
complex karst groundwater systems. Commonly used en-
vironmental tracers include electrical conductivity, tem-
perature, turbidity, ionic composition, stable isotopes of
water, organic carbon, nitrates, etc. These tracers provide
valuable information regarding infiltration mechanisms,
epikarst function, mean groundwater transit times, dyna-
mics of fast and slow flow, etc (TRCEK & ZOJER, 2010).
Air saturation in spring water is not commonly monitored
parameter in hydrogeological studies, although supersa-
turation with air, or “excess air”, is a phenomenon which
periodically or permanently occurs on some karstic springs
(SURBECK, 2005; HEATON & VOGEL, 1981). On the
other hand it is a very important parameter for fish farm-
ing, as oversaturation with gases can cause fatal “gas bubble
disease” in fish (MACHOVA et al., 2017; WEITKAMP &
KATZ, 1980). Therefore, fish farming community is well
aware of this phenomenon. Krbavica spring, situated near
Krbavsko polje in Croatian Lika region, is known among
local population as inadequate for fish farming although it
is a permanent spring with a relatively stable discharge even
in draught periods. Bubble formation is visible in a spring
pool during the most of the year.

The spring is captured for public water supply, and
monitoring program on it was established to investigate
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properties of the karst system which feeds it. Among other
natural tracers, dissolved oxygen, as an indicator of “excess
air” in spring water, was also monitored in high temporal
resolution. Monitoring data shows that oxygen saturation is
in clear relation to discharge dynamics. During peaks in hy-
drograph values of oxygen saturation temporarily dropped,
followed by maximum values with delay of several days.
Increased oxygen saturation was interpreted as an increased
proportion of flow through narrow fractures in a vadose
zone in a closed flow conditions. Air bubbles captured in
water infiltrating to narrow fractures gradually dissolve due
to pressure rising and isolation from the atmosphere. In
contrary, water flow through larger, karstified fractures and
conduits in vadose zone is in open flow conditions, i.c. wa-
ter pressure is equilibrated with the acmospheric pressure.
Therefore, drops in oxygen oversaturation during hydro-
graph peaks are interpreted as a consequence of increased
flow through larger openings within the vadose zone. Flow
through narrower fractures is most intense after the rainfall
events, when pressure rising in fractures mobilises water. In
order for groundwater to remain oversaturated, conduits
within the deeper parts of the system that drain water to
the spring should be dominantly phreatic, i.e. situated
completely below the groundwater level. It can be con-
cluded that monitoring of air saturation in spring water
can provide valuable information on the processes within
the system, especially if it is combined with monitoring of
discharge dynamics and additional tracers.

Keywords:  Karst hydrogeology, environmental tracer, ‘excess air”,

Krbavica spring
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roundwater is a valuable natural resource and has to

be protected from any chemical pollution. The most
common source of groundwater contamination is intensive
agricultural activity and, as its consequence, an increased
nitrate concentration in groundwater. Agricultural activity
is most intensively represented in lowland areas where the
most productive aquifers are often located. In these aqui-
fers, groundwater has relatively long travel time of pollu-
tants from the ground surface to the observation borehole.
Using groundwater dating, the measured concentrations
of pollutants can be directly related to the time of recharge
(BROERS, 2004; MORGENSTERN et al., 2015; VIS-
SER, 2009). In that sense, the question arises can we de-
tect trends and trend reversal in groundwater quality using
groundwater age? Studies have shown that this is possible
(HANSEN et al., 2012, 2017; VISSER, 2009).

Groundwater quality in Croatia is generally relative-
ly good. Mean nitrate concentrations in groundwater are
mostly below 15 mg/L, while in the southern, karst areas,
they rarely exceed 5 mg/L. However, in the western (Istria
peninsula) and north-western parts of Croatia, concentra-
tions of nitrates in the groundwater may exceed the thresh-
old values (BIONDIC et al., 2016; NAKIC et al., 2016).

References

As a result, in the Water Management Plan for 2016-2021
(HRVATSKE VODE, 2016) groundwater bodies (GWBs)
in these areas are declared as GWBs of poor chemical status
and are at risk of failure to achieve the goal of “preventing
status deterioration”.

Dating of groundwater age using environmental tracers
in these areas started two years ago and the research is still
ongoing. The aim of this research is to develop and improve
tools to detect trends of nitrates in groundwater in Croa-
tia. Groundwater samples were collected at 10 locations.
Environmental tracers, as CFCs (chlorofluorocarbons), SF;
(sulphur hexafluoride), *H (tritium) and *He (helium-3)
were measured. Their content in the groundwater was
compared with historical data on their content in the air
based on which the mean groundwater age was assessed.
The estimated mean groundwater age was analysed in re-
lation to the pressures from the agricultural activity. The
research points out interesting results that can contribute
to a better assessment of the future nitrate trends in the
investigated areas.

Keywords: environmental tracer, mean residence time, ground-
water age distribution, nitrates, trend
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Pannonian Basin, being part of the Carpathian-Pan-
nonian Region (CPR, Alpine—Carpathian—Dinaridic
orogenic system; HANDY et al., 2014), represents a “back-
arc” basin formed due to Oligocene-Miocene subduction
roll-back in the Carpathians and Dinarides (HORVATH
et al., 2015; BALAZS et al., 2016; van GELDER, 2017).
Valuable information concerning the North Croatian Basin
(NCB; PAVELIC & KOVACIC, 2018) syn-rift evolution,
interpreted to have developed due to Early-Middle Mio-
cene extension in the SW margin of the Pannonian Basin,
are archived in Mts. Kalnik and Pozeska gora Lower—Mid-
dle Miocene pyroclastic and sedimentary rocks. However,
no state-of-the-art multi-proxy approach has been applied
so far on the most promising localities (Croatian Geologi-
cal Survey data) in order to resolve many crucial local and
regional open questions and refine currently available re-
constructions.

Complex post-collisional (SEGHEDI & DOWNES,
2011) tectonic processes (e.g., core-complex and wide-rift
types of extension) in the CPR generated, together with
evolution of magmas in the crustal environment, Lower
Miocene to Recent magmatic rocks of highly diverse com-
position. Magmatic activity shows a distinct migration in
time from west to east (PECSKAY et al., 2006; SEGHEDI
& DOWNES, 2011). The most complex and abundant
group of CPR magmatic rocks is the calc-alkaline group
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(SEGHEDI & DOWNES, 2011; LUKACS et al., 2018).
LUKACS et al. (2018) constrained the lasting (as well as
petrogenesis and geodynamic setting) of large silicic volcanic
activity recorded as Biikalja Volcanic Field (BVE Hunga-
ry) silicic pyroclastics from 18.2 to 14.4 Ma. Calc-alkaline
magmatic activity (20-16 Ma) associated with core-com-
plex formation related to Pannonian Basin extension is re-
corded in the Vardar Zone (Internal Dinarides; SEGHEDI
& DOWNES, 2011; SCHEFER etal., 2011; ANDRIC et
al., 2018). Early—Middle Miocene volcanic activity was also
recorded in the NCB in the form of volcanics and pyroclas-
tics occurring intercalated with penecontemporaneous allu-
vial, lacustrine and marine sediments (PAMIC et al., 1995;
PAMIC, 1997; PAMIC & BALEN, 2001a, b; MANDIC
etal., 2012; MARKOVIC, 2017).

Mt. Kalnik pyroclastics were dated (Ar/Ar) at 18.07 +
0.07 Ma (Early Miocene, - Eggenburgian/Ottnangian tran-
sition) by MAN DIC et al. (2012), constraining the timing
of the initial rifting tectonics of the NCB (since they occur
intercalated with alluvial sediments representing the base
of NCB continental series). TIBLJAS et al. (2002) and
MANDIC et al. (2012) correlated Mt. Kalnik pyroclastics
with Upper Oligocene—Lower Miocene (Egerian—Eggen-
burgian) andesites and dacites, as well as pyroclastics, out-
cropping in north Croatia (Hrvatsko Zagorje Basin-HZB,
AVANIC, 2012). HZB volcanic rocks are interpreted to be
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related to the easternmost part of the Periadriatic Fault Zone
(PFZ) and/or slab breakoff magmatic activity (PALINKAS
& PAMIC, 2001; PAMIC & BALEN, 2001a, b). However,
Periadriatic (PFZ) magmatic rocks sensu stricto of the Alps
(as well as magmatic belt within the Western Carpathians
north of the Mid Hungarian fault Zone), are represented by
Paleogene (mostly Oligocene) plutons with age span of 28—
42 Ma (ROSENBERG, 2004; NEUBAUER et al., 2018).
Geodynamic setting and formation processes of the eastern
younger magmatic (intrusive and volcanic) and pyroclastic
rocks, ranging from - 20-14 Ma and located north and
south of PFZ, is unresolved (e.g., Mt. Pohorje magmatism;
FODOR et al., 2008; NEUBAUER et al., 2018).

The most reliable age determination of Middle Miocene
(Badenian) pyroclastics intercalated with NCB lacustrine
and marine deposits is provided by MANDIC et al. (2012)
and MARKOVIC (2017). This age determination is based
on high-precision Ar/Ar dating of sanidine. Age span of
intermediate to acid pyroclastics provided by these authors,
occurring in several NCB localities, is 16.03-14.40 Ma.

search, 56, 119-134.
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Mt. Papuk Njezi¢ locality (14.40 + 0.03 Ma) and M.
Medvednica Cuéerje locality (14.81 + 0.08 Ma) have been
related (LUKACS et al., 2018) to CPR BVF Harsiny and
Demjén ignimbrites, respectively.

In order to make reliable tephrochronological and vol-
canic provenance (as well as petrogenetic and geodynamic
setting) reconstructions of Mts. Kalnik and PoZeska gora
(intercalated with Lower—Middle Miocene marine de-
posits) pyroclastics, state-of-the-art volcanological, petro-
logical, high-precision geochronological (EARTHTIME
initiative), geochemical and isotopic analysis are being
conducted. Such high-resolution data will also provide
an absolute age constraint of NCB syn-rift evolution and
biostratigraphy, as well as add valuable new data for more
comprehensive understanding of the regional (i.e., CPR-re-
lated) magmatic and geodynamic evolution (and their mu-
tual relationship).

Keywords: Miocene, North Croatian Basin, syn-rift, volca-
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he spatial and temporal evolution of the Paratethys

Sea during the Early to Middle Miocene, as well as
the chronologic framework to disentangle geodynamic and
climatic processes affecting the depositional environments,
is still not resolved (HILGEN et al., 2012; de LEEUW
et al., 2018; SANT et al,, 2017; KOVAC et al., 2018).
Covering almost the entire area of northern Croatia and
situated southeast of the Hrvatsko Zagorje Basin (HZB;
AVANIC, 2012), North Croatian Basin (NCB; PAVELIC
& KOVACIC, 2018) evolved during the Early Miocene,
and belongs geo-tectonically to the south-western margin
of the Pannonian Basin (PB, part of Carpathian-Pannonian
Region, CPR; HORVATH et al., 2015; BALAZS et al.,
2016). Typical syn-rift sedimentary successions of the initial
basal Lower-Middle Miocene (Ottnangian-Lower Badenian
according to PAVELIC & KOVACIC, 2018 and references
therein) NCB comprise continental, alluvial and lacustrine
(Southern Pannonian Basin Lake System, SPBLS sensu
MANDIC et al., 2019a) sediments unconformably overly-
ing a strongly tectonized basement. According to CORIC
et al. (2009), MANDIC et al. (2012, 2019a, 2019b),
MARKOVIC (2017) and PAVELIC & KOVACIC (2018
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and references therein), initial Miocene marine flooding of
the NCB corresponds to the main Badenian (Middle Mio-
cene) transgressive pulse of Central Paratethys, that is Mid-
dle Badenian (NN5 Zone, TB 2.4 after HOHENEGGER
et al., 2014). These recent studies are based on radiometric
dating (“*Ar/*’Ar dating) of the pyroclastic horizons (inter-
calated with alluvial, lacustrine and marine NCB deposits;
MANDIC et al., 2012; MARKOVIC, 2017) and integrated
biostratigraphy, which constrained the age of Lower-Middle
Miocene NCB deposits analyzed therein (e.g., Mts. Med-
vednica and Papuk localities).

However, according to BRLEK et al. (2018), the ex-
act timing of the initial Early-Middle Miocene flooding of
different parts of NCB, necessary for reconstructing Early-
Middle Miocene stratigraphic evolution of the NCB (e.g.,
PAVELIC & KOVACIC, 2018), is still unresolved due to:

1/ sparse and uncomprehensive integrated calcarcous

plankton biostratigraphic determinations of Low-
er-Middle Miocene NCB marine sediments which
are insufficiently calibrated (together with lacustrine
sediments) with high-precision geochronological
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studies (especially necessary in semi-enclosed Pa-
ratethys Sea; HILGEN et al., 2012; SANT et al.,
2017; KOVAC et al., 2018),

2/ absence of uniform biostratigraphic zonation and
regional Early-Middle Miocene chronostratigra-
phic (and sequence stratigraphic) division of Cen-
tral Paratethys (e.g., HARZHAUSER & PILLER,
2007; PILLER et al., 2007; HILGEN et al., 2012;
HOHENEGGER et al., 2014; SANT et al., 2017;
KOVAC et al., 2018), especially of Early/Middle
Miocene boundary, as well as of Karpatian and
Badenian regional stages (HOLCOVA et al., 2018;
KOVAC et al., 2018). This prevents reliable strati-
graphic correlation to be made based solely on bio-
stratigraphic data. As well,

3/ assumption that initial transgression may be diachro-
nous across the NCB (as it is diachronous across the
southern margin of Pannonian Basin and across
other Central European basins; MANDIC et al.,
2012, 2019b; SANT et al., 2017) and/or that dif-
ferent parts of NCB could have been initialy flooded
during different Early-Middle Miocene transgressive
pulses of Central Paratethys (MANDIC et al., 2012,
2019b; SANT et al., 2017; HERNITZ KUCEN-
JAK et al., 2018; KOVAC et al., 2018).

Excellent Mt. Pozeska gora (Slavonian Mts. complex,
Croatia) outcrop conditions (Croatian Geological Survey
data) enable analysis of continuous transition from basal
NCB Ottnangian—Karpatian alluvial coarse-grained depo-
sits (“Daranovac unit”) with acolian siltstones, through Low-

ty of Zagreb, 162 p.
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unit”; HAJEK-TADESSE et al., 2009; MANDIC et al.,
2019a) into Middle Badenian Central Paratethys marine
deposits (offshore marls — “Vejalnica unit”) with interca-
lated pyroclastics (SPARICA et al., 1979, 1980; PAMIC,
1997; HAJEK-TADESSE et al., 2009). However, the above
mentioned stratigraphic ranges (KOVACIC & PAVELIC,
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(calcareous plankton) and high-precision geochronologi-
cal (EARTHTIME initiative) studies are being conducted
on Mt. Pozeska gora marine and pyroclastic deposits. De-
termination and constraint of the age (time-stratigraphic
correlation), stratigraphic relationships, and time-framed
palacoenvironments of Mt. Pozeska gora deposits should:

1/ provide clues for the timing of the Central Paratethys
initial transgression in the NCB,

2/ add new high-resolution data necessary for recon-
structing Early—Middle Miocene syn-rift stratigraph-
ic evolution of the NCB (with potential tectono-eu-
static implications),

3/ provide new high-resolution data required for cali-
bration and synchronization of NCB and in gen-
eral Central Paratethys biostratigraphic zonation
scheme(s)/bioevents, and

4/ provide Central Paratethys and Pannonian Basin
chronostratigraphic (and sequence stratigraphic)
implications.
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Sedimentary Record of the Submerged Late Quaternary
Paleoenvironments Preserved in a Silled Karst Basin (LoSinj

Channel, Adriatic Sea)
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Submerged paleoenvironments have become a popular
topic among the scientific community due to their re-
levance for the interpretation of the future sea level and
climate changes and the assessment of coastal flooding.
Numerous present-day shelf seas were formed by marine
transgression after the Last Glacial Maximum (LGM) and
have transitioned from terrestrial to marine environment
and vice versa multiple times during the Quaternary gla-
cial-interglacial cycles. Adriatic sea was no exception. Here
we present the results of a comprehensive research con-
ducted in the submerged Losinj Channel basin, located
between the islands Cres and Losinj in the northern part of
the eastern Adriatic coast. Two sediment cores (LK-12, LK-
15) were extracted and analyzed in detail. The combined
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measurements of magnetic susceptibility, grain size, mine-
ralogy and geochemistry (XRF core scanning, total nitrogen,
organic and inorganic carbon) were performed. Paleonto-
logical data and AMS "C dating results enhanced interpre-
tation of the obtained sediment core data. High-resolution
seismic methods gave us an additional insight into the sedi-
mentary infill of this nowadays submerged basin. Investi-
gated sediment succession in the Losinj Channel revealed
significant paleoenvironmental changes in relation to the
Losinj Channel sill depth (-50 m) and the Late Quaternary

sea level and climate changes.

Our findings include the first detailed reconstruction
of the presumed MIS 5a marine sediment sequence along
the eastern Adriatic coast and the existence of an isolated

.



MIS 3 paleolake (“Lo$inj paleolake®). During the LGM a
typical karst feature (karst polje) was formed. A high reso-
lution post-LGM sediment sequence was also investigated.
During Allered a brackish water lacustrine environment
developed (“Losinj marine paleolake®) with the sea-water
seepage through the karstified sill, while marine sedimenta-
tion started during Holocene (10.5 cal ka BP). Conducted

research in Lo$inj Channel offers a valuable new informa-

tion for constraining the Late Quaternary paleoenviron-
mental and sea level changes along the eastern Adriatic
coast. Due to the long time span (MIS 5-Holocene) of
extracted sediment cores, the Losinj Channel data are also
significant on the wider regional scale.

Keywords: paleoenvironments, Late Quaternary, Losinj Chan-
nel, sediment cores, high-resolution seismics
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he Triassic succession of Karst Dinarides is characteri-

zed with a significant terrestrial phase caused by the
regional uplift of the Adria Microplate. Data collected from
studied Karst Dinaridic sections indicate that this uplift
occurred most probably during the Late Ladinian. Various
intensity of denudation and/or karstification processes af-
fected emergent area forming an uneven palacorelief surface
built up of the exposed remnants ranging from the Lower
to the Middle Triassic strata, covered, partly, by the terres-
trial deposits. Thus, in the Gorski kotar section the Upper
Scythian silty dolomitic limestones (“Campiler Schichten”)
(BURDANOVIC, 1967) are overlain by the Main Dolo-
mite sequence, starting with a few centimeters thick interval
of Lower Norian transgressive breccia, containing fragments
of the Upper Scythian silty dolomitic limestones. Here, ter-
restrial phase apparently ranges from the Late Scythian to
the Early Norian. In the Baske Ostarije secton after few
decimeters thick interval of regressive breccias containing
fragments of Anisian limestones, terrestrial phase is marked
with few tens of meters thick interval of Ladinian-Carnian
fine-grained tuffaceous reddish siltstones, overlain by the
whole Main Dolomite sequence. Here, terrestrial phase
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apparently ranges from the Anisian to the Early Norian.
In the Svilaja section, the Upper Ladinian limestones are
covered with a few meters thick interval of Upper Norian
transgressive breccia, containing fragments with Diplopora
annulata Schathiutl (JELASKA et al., 2003). The breccia
interval is overlain by the Main Dolomite sequence reduced
in thicknes. Thus, it can be assumed that terrestrial phase
ranges here from the Late Ladinian to the Late Norian. In
the Vrace section, terrestrial phase is marked with a few tens
of meters thick interval of Carnian carbonate bauxites and
laterites (SINKOVEC, 1970), ending with a few meters
thick interval of transgressive breccia, containing fragments
of bauxites, laterites and/or Upper Ladinian limestones,
overlain by the whole Main Dolomite sequence.

Here terrestrial phase ranges from the Late Ladinian to
the Early Norian. Therefore, due to an overall, diachronous
Norian transgression, the whole emergent area was flooded
and shallow-water platform regime was restored. As inter-
play of various intensity of denudation, karstification and
diachronous Norian transgression, respectively, terrestrial
phases of apparently various lengths came into being.

Keywords: Triassic, terrestrial phase, Karst Dinarides
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Jurassic Paleoenvironmental Associations from the Marginal
Depositional System of the Adriatic Carbonate Platform

(Zumberak Mt., Croatia)
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A{urassic marginal depositional system of the Adriatic
arbonate platform was analyzed in order to deter-
mine its depositional architecture and mayor depositional
controls. Based on facies characteristics, four paleoenviron-
mental associations have been distinguished: (1) Top of the
platform; during the early and middle Early Jurassic the
deposition took place mostly in the subtidal zone where
successive coarsening-upward cycles were produced as the
interplay of allocyclic and autocyclic depositional processes,
(2) Upper foreslope; during the late Early Jurassic the new-
ly formed Adriatic carbonate platform experienced exten-
sional faulting in its northeastern part in connection with
rifting processes due to opening of the Dinaridic branch
of the Neo-Tethys, which led to formation of the platform
slope (SIKIC & BASCH, 1975; SIKIC et al., 1979). The
occurrence of calcitized radiolarians, protoglobigerinids
and skeletal fragments of pelagic bivalves or their prodisso-
conchs clearly points to deeper water conditions, (3) Toe-of
slope; from the late Early Jurassic to the early Late Jurassic
faulting induced periodic seismic activity triggered multiple
mechanical disintegration of the platform slope resulted in
gravity mass movements along the slope and accumulation
of calciturbidite interlayers with T-a Bouma features in the
toe-of-slope environment.

Also, sporadic more intense seismic shocks produced
angular fragments of already consolidated deposits on the
platform slope that were gravitationally moved down along
the slope, forming a thick carbonate breccia wedge in the
toe-of-slope environment. A multiple accumulation pro-
cess can be assumed since pretty thick interval of breccia
wedge was formed, and (4) Basin; thin beds represent au-
tochthonous pelagic carbonate mud deposition (“pelagic
rain”) within the deep-water environment distant from the
platform margin, as indicated by the lack of any sedimen-
tary structures and coarse-grained bioclastic intercalations.
More argillaceous intervals correspond to increased influx
of fine-grained siliciclastic detritus, probably derived from
the north, i.e. from the Hercynian ranges (PAMIC et al.,
1998). Therefore, the environmental changes are interpreted
to be related to tectonic activity as a consequence of region-
al extensional movements, connected with the opening of
the Dinaridic branch of the Neo-Tethys. These extensional
movements resulted in multi-stage drowning on the north-
eastern part of the Adriatic carbonate platform, leading to
its gradual back stepping and accordingly expanding of the
Dinaridic branch of the Neo-Tethys basin (BABIC, 1976).

Keywords: Jurassic, Adyiatic carbonate platform margin, Zum-
berak M.
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Population Dynamics of Benthic Foraminifera Ammonia Tepida
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he periods with low dissolved oxygen concentrations

in bottom waters in coastal areas can have strong im-
pacts on benthic ecosystems. Among the meiofauna living
in these environments, benthic foraminifera are often the
most tolerant to low oxygen levels. Some species are able to
survive complete anoxia for weeks to months.

Lake Rogoznica is located on the Gradina peninsula and
is not directly connected with the open sea. There is, how-
ever, marine influence through the porous limestone rocks.
Due to its position, the lake has very peculiar ecological
characteristics, quite different from those of other coastal
salt lakes in the Mediterranean. A seasonally stratified sea-
water characterizes this “lake®, the surface water is similar
to waters of the adjacent Adriatic Sea in temperature and
salinity, whereas bottom water is enriched in nutrients and
dissolved organic carbon and deprived of oxygen (PJEVAC
etal.,, 2014).

In 2010 a short core (50 cm long) has been recovered
from 9 m of water depth. Sediments were sliced into 2 cm
thick subsamples and submitted to geochemical and gran-
ulometric analysis. Micopaleontological analysis on residues
greater than 63 pm, were done on samples from certain le-
vels only (intervals: 4-6, 16-18, 26-28 and 36-38 cm). In
all samples, only Ammonia tepida (CUSHMAN) tests were
found. Representatives of the species are effective grazers of
microalgae and their physiology, successful reproduction
and survival are driven by factors including oxygen and
food availability, food quality or environmental tempera-
ture (MURRAY, 2006).

of Sea Research, 63/1, 36-51.

12/5, €0177604.
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How to explain the presence of tests in all studied sam-
ples when periods of oxygen deficiency occur regularly?

In order to get some answer, the analysis of survivor-
ships and fecundity of A. tepida population were per-
formed. The maximum test diameter of each specimen was
measured under stereoscopic microscope (Olympus SZx7)
using QuickPHOTO camera3.0 software. The diameters
vary from 137 to 368 pm. In all populations, the tests with
diameters between 180 and 200 pm are the most abundant,
less numerous are specimens with the largest tests (220 -
260 pm), whereas those with small tests are rare. A bimodal
distribution was recorded. In seasonally mixed assemblages
(2 em thick core interval), a possible explanation for such
distributions is that reproduction and growth is so rapid
that juveniles are seen as size class 180-200 pm in one
season, and in size class 220260 pm in another. The op-
portunistic foraminifera have fit their life strategy to time of
“good season”, postponing maturity time and reproduction
to the period with oxygenated bottom water and sediments
(shallow infaunal life habitats, MURRAY, 2000). Taking
into account the newest data about surviving around 28 days
of anoxia (LeKIEFFRE et al., 2017), their generative time
(one season), transport and dormant — stage (ALVE &
GOLDSTEIN, 2010) of propagules, representatives of this
species can be present is such stressful environment all year
(with different abundances).

Keywords: population dynamics, Ammonia tepida, Rogoznica
Lake
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his research presents paleotemperature and paleopre-

cipitation estimations derived using paleosol-based
paleoclimate chemical proxies as well as other relevant re-
sults. According to the considered literature, paleosol-based
proxies are considered very helpful in improving our un-
derstanding of long-term environmental changes (TA-
BOR & MYERS, 2015). Compared to marine records,
paleosol-based paleoclimate proxies have lower temporal
resolution. Nevertheless the offer a more direct tool for
estimating paleoclimatic conditions as soils formation takes
place on Earth’s surface in direct contact with atmosphere
and other climate system’s components (SHELDON &
TABOR, 2009).

This research focuses on a paleosol hosted in a doline,
located in the South Peloponnese, Greece. This area was
chosen according to the literature, as it represents one of
the most significant Greece regions for paleoenvironmental
research. Part of the samples was dated by the Optically
Stimulated Luminescence (OSL) dating technique, in order

sols. Earth-Science Reviews, 95, 1-52.

and Planetary Sciences, 43, 333-361.
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to deduce the chronological framework of paleoenviron-
mental changes. The rest of the samples were used for per-
forming Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) elemental analyses and X-ray diffraction (XRD)
mineral analyses. Obtained results will be presented and
correlated with other research findings. Another parameter
studied during this research was sedimentation rate. This
parameter is closely connected with paleoenvironmental
conditions and can be used for interpreting paleoprecipi-
tation estimations.

According to the gained results the oldest paleosol layer
age is estimated at about 2.5 ka while the youngest one is
about 0.35 ka. Paleotemperature estimations propose that
the mean temperature was constant throughout the whole
period at about 15 °C with the annual precipitation of
about 1200 mm y'. Detailed description of the performed
research and findings will be presented and discussed.

Keywords: Paleotemperature, paleoprecipitation, paleosol pro-
xies, South Peloponnese, Greece
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he analysis of groundwater chemical status in the Dan-
ube river basin district (RBD) is based on the results
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of the national monitoring of groundwater chemical status
which Hrvatske vode performs each year, and related to the
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results from the 2014-2017 period. 20 grouped ground-
water bodies (GWB) have been identified in the Danube
RBD, of which 5 water bodies in karst aquifers and 15
water bodies in alluvial aquifers. The grouped water bodies
are subject to surveillance monitoring in order to assess
the chemical status. Operational monitoring is carried out
in order to identify the chemical status of all GWBs for
which the analysis of RBD characteristics has identified a
risk of failure to achieve the water protection objectives and
at which a change of status during the implementation of
the programme of measures is monitored. In the GWBs
where a significant and sustained upward trend of pollutant
concentration under the impact of anthropogenic activities
has been identified, the starting points for the monitoring
and identification of trends, their change, and the starting
points for trend reversals are defined. The chemical status
at groundwater monitoring stations is assessed based on
the indicators set out in Annex 6 to the Regulation on
water quality standard (OG 73/13, 151/14, 61/16, 80/18;
hereinafter: the Regulation), which are monitored within
surveillance and operational monitoring; nitrates and ac-
tive substances in pesticides, individual and total, as well
as specific pollutants. The chemical status of GWBs is clas-
sifed in two categories: good and bad. It is determined in

ity standard], OG 73/13.
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accordance with the methodologies from the River Basin
Management Plan (RBMP).

The results from the monitoring stations that exceed
the quality standard or the limit values are classified as bad
status at a monitoring station, as opposed to the results that
do not exceed the limit values of specific pollutants, i.e. the
values of groundwater quality standard that indicate good
status at a monitoring station. The status at a monitoring
station is an initial indicator that a monitoring station is in
bad status, a sign that something is going on in a GWB,
requiring measures for the GWB to remain in good status
or to change from bad to good status. The scope of ground-
water quality data used for status assessment is a slightly
bigger than the scope of data available for the development
of earlier management plans, but still with poor spatial avai-
lability of data. The purpose of this paper is to analyse the
implementation of the RBMP 2016-2021 and to analyse
the implementation of measures, as well as to propose new
measures in the next planning cycle. This paper identifies
groundwater-related significant water management issues.

Keywords: national moniroring of groundwater chemical sta-
tus, surveillance and operational monitoring, Regulation, pol-
lutants, River Basin Management Plan
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he Maastrichtian—Palacocene Likva section was ex-
amined to reconstruct environmental changes and
describe coral patch reefs across the K/Pg transition. A
continuous, 50-m-thick succession of shallow-water plat-
form carbonates encompassing the K/Pg boundary was
studied to determine biostratigraphy of larger benthic
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and planktonic foraminifera, microfacies, sedimentolo-
gy, and geochemistry (strontium-isotope stratigraphy).
Studied succession indicates deposition within very shal-
low inner platform environments with coexisting rudists
and scleractinian corals during the late Maastrichtian. The
Cretaceous strata consist of: (1) lower part composed of
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wackestone and floatstone with rudist fragments, peloids,
ostracods, discorbid and large benthic foraminifera, and
fenestral laminites deposited in the low-energy restricted
shallow subtidal and intertidal environments; (2) middle
part containing a brecciated surfaces with speleothems
and blackened lithoclasts, indicating multiple subaerial ex-
posures, accompanied by coral patch reefs with preserved
globular and domal growth fabric characterised by intense
weathering and reddish color; (3) upper part composed of
the laminated fenestral micritic limestones with peloids,
ostracods, discorbids, and rare thin-shelled rudist fragments
overlain by grain-supported limestones with miliolids, pe-
loids, intraclasts and rare planktonic foraminifera immedi-
ately below the K/Pg boundary level indicating temporary

open marine influences.

The boundary is constrained between the last occur-
rence of the Maastrichtian larger benthic foraminifera and
the first occurrence of the Danian planktonic and benthic
foraminifera. The K/Pg boundary is characterized by a sedi-
ment bioturbation and a 2-cm-thick reddish-brown clayey
mudstone, but due to the low biostratigraphic resolution
question on existence of a possible short stratigraphic hiatus
remained open.

The lowest 2-m-thick interval of the Palaeocene stra-
ta consists of burrowed micritic limestones with discor-
bids, ostracods and planktonic foraminifera deposited in
more open marine environments. Planktonic foraminifera
tentatively indicate basal Danian Zones PO-Pa. Above
the horizon with pelagic influence (probably indicating
short-term sediment starvation rather than deepening of
the environment), a sudden return to micritic limestones
with discorbids, ostracods and charophytes indicates re-es-
tablishment of the low-energy shallow subtidal conditions
with nearshore brackish and freshwater influence compris-
ing benthic foraminifera assemblage of the SBZ 1. Top of
the section is characterised by the largest and best developed
coral patch reef exposed and karstified during the following
relatively long regional exposure event between these oldest
Palacocene and the overlying Palacocene/Eocene deposits.

The Likva section with its prolonged shallow-marine
deposition across the K/Pg boundary represents an impot-
tant addition to the knowledge of the Adriatic Carbonate
Platform stratigraphy, indicating that its upper stratigraphic
limit is locally extended to the earliest Palacocene.

Keywords:  Stratigraphy, Latest Cretaceous, Palaeocene, Car-
bonate succession, Brat, Croatia
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'wo chronostratigraphically equivalent successions

(Milesina and Jarebinjak) of the Cretaceous (Aptian—
Albian) Adriatic Carbonate Platform (AdCP) deposits
exposed only 7 km apart at Mt. Svilaja (Croatia) differ
significantly in their facies composition and Aptian emer-
sion features. Both successions reveal similar microfacies
characteristic of the Lower Aptian oceanic anoxic event
OAE lainterval, but differ in their thickness. They are both
composed of wackestones and oncoid—bioclastic floatstones
with Bacinella irregularis RADOICIC and requieniid rud-
ist fragments. However, the beginning of the Lower Ap-
tian succession at the Jarebinjak locality has a species-rich
rudist assemblage embedded within bioclastic floatstones.
On weathered outcrop surfaces, caprinid, caprotinid and
probably monopleurid rudist transverse sections can be re-
cognized, indicating an Early Aptian age: Offneria sp., Prae-
caprina sp., and Glossomyophorus costatus MASSE et al. The
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caprinid assemblages, as well as the thicker Lower Aptian
interval at Jarebinjak, indicate an influence of open sea cir-
culation and a greater accommodation space, respectively,
probably as a result of synsedimentary tectonism.

At the Milesina locality, several metres thick successions
of algal wackestones and peloid—miliolid packstone—grain-
stones to wackestones directly overlie Lower Aptian stra-
ta. Evidence for regressive trends and subaerial exposure,
which are common in this horizon elsewhere in the AdCP
region, are also present here, but as thin layers of breccia or
abundant charophytes, reflecting an increased fresh water
influence. In contrast, at the Jarebinjak locality, this horizon
exhibits more distinct regressive trends, evidenced as 7 to 8
thin beds of clay and marl associated with subaerial expo-
sure features. The limestone beds within this occasionally
emergent horizon are characterized by algal wackestones
and rare species of Mesorbitolina foraminifera.

>



Above the emergence horizon, the Upper Aptian—
Lower Albian successions at both localities contain mic-
ritic limestones with variable amounts of calcareous mud,
peloids and skeletal grains (rare miliolids and ostracods).
These deposits irregularly alternate with thin layers of pe-
loid-intraclastic—skeletal packstone—grainstones and peloid
wackestone—packstones with fragments of molluscs (mostly
gastropods) and benthic foraminifera (e.g., Mesorbitolina
texana (ROEMER)). Increased fresh water influence is
indicated in the Lower Albian level at MileSina by abun-
dant charophytes, identified as Munieria grambasti sarda
CHERCHI et al. The strata with charophytes also contain
dasyclad alga Salpingoporella, indicating that fossil dasyclads
can inhabit brackish environments.

Stratigraphic determinations were based on benthic mi-
crofossil assemblages, including foraminifera and dasyclad
algae, which are very good paleoenvironmental indicators,
but their usefulness in biostratigraphy can suffer from low
resolution and poor correlation with standard biochron-
ologic scale based on planktonic foraminifera, calcareous
nannoplankton and ammonites. Therefore, this research
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also included a chemostratigraphic study involving stable
isotope analyses of homogenous micritic matrix samples.
Despite limitations due to potential masking of global
marine isotope signatures in restricted depositional envi-
ronments and subsequent diagenetic modifications, the
documented variations in carbon isotope compositions,
especially when considered relative to oxygen isotope va-
lues, proved useful for stratigraphic correlation between the
examined successions and for improving their age determi-
nation. Examples include refinement in the placement of
the Barremian—Aptian boundary, recognition of the OAE
1a (in the Lower Aptian strata) and OAE 1b (straddling the
Aptian—Albian boundary) intervals, and correlation with
carbon-isotope stages C1 to C8 of MENAGATTT et al.
(1998). The results provide critical information for corre-
lating these Mt. Svilaja strata to other coeval successions
that span the time interval of major global oceanographic
changes and carbon-cycle perturbations associated with
Early Cretaceous oceanic anoxic events.

Keywords: biostratigraphy, chemostratigraphy, Lower Creta-
ceous carbonate deposits, Mr. Svilaja, Croatia
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n this study we cross-check Palacoclimatic evidence

from two marine cores retrieved in the Central Adria-
tic Sea with environmental and cultural evidence from an
archacological sequence on the Island of Kor¢ula (Central
Dalmatia), which is notable for the presence of Vela Spi-
la, a cave inhabited since 18.5 ka BP starting with Upper
Palacolithic cultures. There is a hiatus in occupation of the
cave from 15-9.5 ka BP (FARBSTEIN et al., 2012). In
order to better understand the drivers of this and other
settlement changes observed in the cave, we compare the
existing archaeological and geoarchacological records from
the site with climate proxies from the PRAD1-2 core (PIVA
etal., 2008) and the POMO core, which was taken during
the ISMAR-CNR CaDi 2006 cruise (forthcoming). Both
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cores were drilled in the Mid-Adriatic Deep and represent
the two available marine records closest to Korcula. Al-
though they have already been partly published, the 17-7
ka BP range is analyzed in greater detail in this work. For
the POMO core, we obtain a new, detailed suite of sta-
ble oxygen isotope (8'*0 ) and AMS *C measurements
on planktonic foraminifera. For both cores we use a new
Bayesian age-depth model. The tephra layers recognized in
the stratigraphy can be used as precise stratigraphic mark-
ers; in particular several ash layers from the POMO core.

As a result, we obtained a higher resolution, more lo-
cal climate record applicable to Vela Spila cave to supple-
ment other, regional records (e.g. AUFGEBAUER et al.,
2012; SIANI et al., 2013). The climatic record obtained in
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this work, analyzed in association with microfaunal data
from the same cores and cross checked with global climate
proxies such as Greenland Ice cores (NGRIP PROJECT
MEMBERS, 2004) allows us to weight the importance of
possible settlement change drivers such as climate change,
sea-level rise, and local effects of explosive volcanic erup-
tions in the Mediterreanean region. In particular, the pos-
sible environmental factors responsible for the phase of
cave abandonment have been analyzed, as well as those
chronologically connected to the major phases of cultural
change such as the transition from Palacolithic to Mes-
olithic and from Mesolithic to Neolithic. Moreover, the
climatic record was used to supplement our knowledge of

Figure 1. Study area showing approximate locations
of Vela Spila prehistoric cave and the PRAD 1-2
and POMO cores. The border between the light and
dark areas in the sea corresponds the 120 m isobath,
thought to roughly approximate sea levels at the last
glacial maximum. The PRAD 1-2 core was taken in
185.5m depth of water with a drilled length of 71.2
m (PIVA et al., 2008). The POMO core from the the
ISMAR-CNR CaDi 2006 cruise (forthcoming) was
taken in 258 m depth of water, with a drilled length
of 3.6 m.

the relationships between human settlement and sea-level
change previously obtained through the reconstruction of
submerged palacolandscapes.

The results indicate that significant changes in climate
would have been experienced by the inhabitents of Vela Spi-
la, however the significance of sea-level change in the area
(FORENBAHER, 2002) and its effect on the flat, relatively
featureless terrain to the north and south of present-day
Kor¢ula must not be underestimated in their likely effect
on the hunting grounds preferred by Palacolithic hunters.

Keywords: Croatia, geoarchaeology, climate change, oxygen
isotopes, prehistory
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ggregate is a low unit-value mineral commodity.

Transport costs for aggregate from the mine site to the
point of use is a large fraction of the resource cost to users.
Production sites for aggregate occur where suitable source
materials exist and where transportation and market con-
ditions are favourable. The increasing demand for aggregate
and the difficulty of developing and permitting new sites
and of renewal of permits on existing sites of aggregate
production indicates that aggregate will be supplied from
sources yet to be developed or delineated in many areas.

The purpose of this paper is to assess the crushed rock
aggregate resources in the Koprivnica Krizevci County and
to delineate areas with aggregate resources. The suitable
site selection is performed using the geographical informa-
tion system (GIS) approach with weighted overlay analysis.

Legend:
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In the Koprivnica Krizevei County gravel and sands and
crushed stone aggregates are quarrying from around 30
exploitation sites (KRUK et al., 2015).

Map correlation and map-integration processes were
made using ArcSDM extension tool (Weights of evidence)
to define relationships between spatial layers and combine
predictor factors in supporting a hypothesis. The response
variable is the set of point locations of current aggregate
and stone quarries or gravel and sand pits (termed train-
ing sites), and the predictor variables which are thematic
map layers showing transportation network patterns, pop-
ulation density distribution, maps of geological mineral
potential, and areas of mineral exploitation restrictions
defined by Master plans of the county and production

information.
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Figure 1. Results of multiclass model, delineated the most suitable areas with aggregate resources in the Koprivnica-Krizevci County.
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The spatial correlation between all thematic data allowed
us to prepare the final suitability map (Fig. 1). Based on
the results of this paper, various aggregate potential areas
in the Koprivnica Krizevci County have been selected and
each one has been assigned to categorie (suitable, moderately
suitable and unsuitable) representing their suitability levels
for future development in terms of the environmental con-
straints, availability of transport networks, current land use,

References

and availability of mineral reserves. This analysis and classifi-
cation provide important information for policy makers to
decide on effective land and resource management plan, and
for regional or state authorities in the process of granting
licenses to operate a stone quarries or sand and gravel pits.

Keywords: aggregate, geological potential, Koprivnica Krizevci
County, spatial planning, GIS

KRUK, B., DEDIC, Z., HECIMOVIC, I, KRUK, 1J., KOLBAH, S., SKRLEC, M., CRNOGA], S. & KOVACEVIC GALO-
VIC, E. (2015): Rudarsko-geoloska studija Koprivnicko-krizevatke Zupanije [Mining — Geological study of Koprivnica
Krizevci County]. Fond stru¢ne dokumentacije 61/14, Hrvatski geoloski institut, Zagreb.

EuroLithos — Ornamental Stone Resources in Europe

2eljko Dedic¢', Marija Horvat", Boris Kruk', Vlatko Brci¢', Nikolina Ilijanic!

& Erli Kovacevié Galovid!

1 Croatian Geological Survey, Sachsova 2, 10 000 Zagreb, Croatia

* corresponding author: mhorvat@hgi-cgs.hr

EuroLithos is a GEOERA research project on Europe-
an Ornamental Stone Resources in Europe. Although
ornamental stone is today an important raw material
produced all over Europe, its use locally and regionally is
decreasing, along with related knowledge, traditions and
skills. EuroLithos was founded upon the premise that in-
creased knowledge of the geological quality and historical
use of natural stone in Europe can stimulate more sustai-
nable use of this resource. EuroLithos will in turn benefit
enterprise, promote cultural heritage, and contribute to
developing effective and environmentally sound land-use
practices.

The EuroLithos consortium is composed of 16 part-
ners from 14 countries, collectively forming a strong and
innovative research group. The Geological Survey of Nor-
way (NGU, Norway) is a Project Lead, and the Croatian
Geological Survey (HGI-CGS, Croatia) is one of the WP
Leads, beside Laboratorio Nacional de Energia e Geologia
(LNEG, Portugal) and Hellenic Survey of Geology and
Mineral Exploration (H.S.G.M.E., Greece).

The Work Packages of the EuroLithos project include
Project management (WP1, lead NGU), Dissemination,
communication and stakeholders (WP2, lead NGU), At-
las of European ornamental stones (WP3, lead LNEG),
Directory of ornamental stone properties (WP4, lead
H.S.G.M.E.), Ornamental stone heritage (WP5, lead
HGI-CGS) and link to Ornamental stone information
platform (WP6, lead NGU).
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EuroLithos challenges include increasing replacement
of traditional stone materials with “cheapest on the market”,
decreasing competitiveness of small and medium-sized en-
terprises (SMEs), reduction of cultural heritage values and
increasing environmental footprints.

EuroLithos concept include raising awareness and
knowledge of the diversity of European ornamental stone
resources, their importance to our landscapes and archi-
tecture, their quality and the environmental benefit of
“short-travelled” resources.

EuroLithos impact include improving cross-European
knowledge sharing, improving assessment for making good
and sustainable choice of stone to construction projects and
better competitive regime for European SME:s.

The main objective of the Work Package 5 in which
lead beneficiary is HGI-CGS, is to establish guidance that
can facilitate and aid the process of valorisation of stone
resources. We believe that such tools will contribute to bet-
ter maintenance of stone-built heritage, better conditions
for SMEs and better protection of stone resources in land-
use planning. The tools will address three aspects of stone
heritage; the intrinsic value of stone quarries and quarry
landscapes, the value of stones from their use in stone-built
heritage, and the traditional crafts.

This Project has received funding from the European
Union’s Horizon 2020 research and innovation programme
under grant agreement No 731166.

Keywords: ornamental stone, directory and database, heritage
values, framework, Europe
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ased on interpretation of seismic data calibrated by

wells, a new regional interpretation across upper crust
beneath the Northern Adriatic Sea from Pesaro (Italian
shoreline) to Kvarner Gulf (Croatian shoreline) is proposed
(Fig. 1). Starting from the calibration point, seismic-strati-
graphic facies was classified for the lithological units. The
most recognizable reflectors, not always clear, are typical:
the base of Plio-Quaternary (PQ) generally coincides with
the Messinian erosional surface (MES), often reaching the
Paleogene-Neogene sequences and the top of the Mesozoic
carbonate succession. The base of the carbonates is also
visible in many profiles, covering the thick Permo-Triassic
(PT) clastic sequence.

From the west to the east, the profile shows several main
geological structures characterizing the Adriatic Sea: i) the
Northern Apennines frontal thrusts; ii) the corresponding
foredeep basin filled by a thick PQ sequence; iii) the “build-
up’-like structure along the margin between the Liassic/
Cenozoic Adriatic pelagic sequence (on the west) and the
Adriatic Carbonate Platform (on the east); iv) the frontal
thrusts of the External Dinarides, represented by gentle
anticlines of the carbonate platform succession that are
probably detached from the basement.

The steep westward tilting of the common Adriatic fore-
land gently affects also the Adriatic Carbonate Platform. It

Adriatic Sea

Adrigtic Sea

/

is evident by Pliocene stratal terminations, onlapping the
main Messinian unconformity, or the top of an Early Plio-
cene sedimentary unit. Moreover, erosional canyons, filled
with several generations of various clinoform packages are
very common in the Kvarner region. These canyons are
probably incised during Messinian times, due to erosion,
but infill patterns are also suggesting their relations with
the large scale strike-slip faulting. Recent strike-slip related
transpresssional and transtensional features are also evident
in the Kvarner area.

This coast to coast type of regional study allows rev-
elation of differing tectonic structures and stratigraphic
relations across the Adriatic Sea, which typically cannot
be reconstructed on a small, local scale. It shows that the
pre- and syn-orogenic structures were sometimes reacti-
vated during the post-orogenic phase, probably associated
with large scale motions of Adria plate indicating still active
neotectonic movements.
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Figure 1. Map of the study area and of the interpreted seismic profiles.
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lastic is an irreplaceable material due to its favorable

properties, however, it is also one of the most serious
environmental issues, especially in the sea environments.
Plastic particles arrive to the sea mostly from land sources,
and degradation of larger pieces results in the creation of
microplastic. Microplastic refers to plastic particles less than
5 mm in size (Fig. 1), which have become so widespread
and can be found everywhere, on shores, in ice and water,
living organisms and at the surface and bottom of seas and
oceans. Microplastic poses a great danger to the environ-
ment especially to the living organisms and they are very
difficult to remove from the sea due to their microscopic
size. Once microplastic reach marine environment, marine
organisms can ingest it as a food. Microplastic materials
can adsorb heavy metals and various viruses and bacteria
from the sea, which makes a significant problem when mi-
croplastic materials get into the food chain.

In order to determine if and to what extent microplastic
is present in the shelf sediment, cores collected from the
Mediterranean Sea were analyzed. Two cores were sam-
pled from the bottom of the shelf of the southern coast
of Sicily and the other two cores were collected from the
shelf around the Tuscan islands. Only the top centimeter
of the sediment was analyzed for the presence of micro-
plastic. Sediment samples were dried and weighed, then
wet sieved, first using a 1 mm mesh sieve and then 63 pm
mesh sieve. Particles that were suspected to be microplastic
were extracted from the sieve under microscope. Analyses
were performed using the ATR method (Attenuated total
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Figure 1. Microplastic particle found in the shelf sediment.

reflection) on FTIR (Fourier-transform infrared spectros-
copy). In this analysis, nineteen microplastic particles with
different dimensions and shapes were recorded in sediment.
Identification of structural groups in samples analyzed by
FTIR-ATR shows that most of the particles are made of
polyvinyl chloride, high-density polyethylene, and polyace-
tal. This research showed that microplastic is present in the
surface sediment of the shelf and points out importance for
further detailed studies and understanding of microplastic
behavior and paths in the marine environments.

Keywords: microplastic, shelf, sea bottom sediment, ATR, FTIR
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he Paleogene deposits of the littoral of Montenegro

are as yet poorly known, except e.g. for the pioneering
work of PAVIC (1970), although they are rich in larger
benthic foraminifera (LBF). This area is very interesting
because of the closeness of the Dinaridic thrust system and
the contact of two major geotectonic units, Dinarides and
Hellenides. The sedimentary successions deposited from
the Cretaceous/Paleogene boundary onward record this
complexity, punctuated by longer emergence phases in
the early Eocene (Ypresian: Ilerdian). Later in Cuisian the
shallow-water areas were surrounded by deeper-water en-
vironments, where clastic sedimentation took place, with
breccias and conglomerates.

A major Lutetian transgression (SBZ 13) resulted in
a shallow shelf in the subtropical zone and a warm and
stable environment where nummulitids and discocyclinids
thrived (HOHENEGGER, 2011). Such conditions still
existed in the Bartonian (SBZ 17). This favorable environ-
ment suited K-strategists well and species diversification
among nummulitids occurred (SCHAUB, 1981).

In 2019, we found a limestone near Grbalj with giant
tests of V. maximus D’ARCHIAC, 1850 (SBZ 16- 17).

This is rather rare species, that has been found in Dalmatia
(Orebi¢, Peljesac peninsula; DROBNE & PAVLOVEC,
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1988), Maiella Mt., the Tremiti islands and Gargano
(SCHAUB, 1981). The diameter of the B form ranges
from 9 to 11 cm and the thickness index is 13.3, i.e., the
test is very flat; the measurements were performed on axial
sections. The tests of the A forms are 6-9 times smaller.
This species according to HOTTINGER (2001) reflects a
Global Community Maturation.

The stratigraphical position of the species is constrained
below by N. millecapur D’ARCHIAC, 1850, (SBZ 15, Lu-
tetian), and above by abundant V. perforatus (DE MONT-
FORT), 1808 (SBZ 17, carly Bartonian). Age attributions
will be achieved by using also other LBE planktonic fo-
raminifers and nannoplankton, as well as by a comparison
with the entire Adriatic region.

The aim of the present study is to correlate Paleogene
LBF—bearing successions in Montenegro to Herzegovina,
and further on to Friuli, Verona and the Lessini Mts. are-
as, applying the Shallow-Benthic Zonation (SBZ) (SER-
RA-KIEL et al., 1998, PAPAZZONI et al., 2017) and the
biosedimentary zones, BiosZ 1-BiosZ 5 (DROBNE et al.,
2009, 2017), to the whole Adriatic archipelago.

Keywords: Nummulites maximus, upper Lutetian, Monte-
negro
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In the Neogene complex of Southern Banat, several de-
pressions of various size have been developed. They were
classified, according to the conditions of forming, as a pull-
apart type of the basin (AYDIN & NUR, 1982; ALAN &
ALAN, 2013). Starting from the south to the north, the
following basins are present: Drmno (maximum thickness
of Neogene around 3900 m), Smederevo (2800 m), Zaga-
jica (2800 m), Pancevo (3700 m), Plandiste (2600 m) and

Samos (3600 m) — Figure 1. Base of these basins is made of
Mesozoic formations of the Eastern Vardar Zone, Palacozoic
and Mesozoic formations of the Serbian-Macedonian Mass
and the Palacozoic Suprageticum formations. The Neogene
sedimentation begins in the Lower Miocene, during which
sedimentation is clastic (more or less molass type of sedi-
mentation) and clastic carbonate sediments, with maximum
thicknesses of about 1100 m, recorded in the Drmno de-

1. Drmno
2. Smederevo
3. Zagajica

4. Pancevo

5. Plandiste
6. Samos

J/
—¥——{ 25000m ]

—

Figure 1. Map of the pull-apart basins of Southern Banat.
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pression (HORVATH et al., 2018). Above are developed
marine sediments of the Middle Miocene, represented by a
clastic-carbonate and reef complexes, with maximum thick-
ness of 1600 m, also recorded in the Drmno depression. In
the lower part of the Upper Miocene, caspibrackish sedi-
ments are predominantly represented by clastic-carbonate
sediments, with a maximum thickness of about 800 m. At
the end of the Upper Miocene and the beginning of the Pli-
ocene in the entire area of the southeastern part of the Pan-
nonian Basin, a powerful progradation series (with thickness
up to 1000 m) was developed, and led to the gradual filling
of the pull-apart basin of Southern Banat.

Pull-apart basins of Southern Banat are located within
the wide corridor of the Moravian Neogene strike-slip tec-
tonic transformation and represent a part of the pull-apart
basin chain developed in the South, along the Moravian
Trench, and toward North and East, they extend to Ro-
mania. The width of the Moravian Transit Zone in South
Banat is about 65 km and it has a dense network of lon-
gitudinal and transverse strike-slip faults. Pull-apart basins
are formed by the stresses between the longitudinal regional
faults, which are, as shown in the seismic image, ac TWT of
8-9 ms, or up to Moho-discontinuity. Pull-apart basins are
elongated, slightly arched and parallel with the position of

& Sons, Ltd., London, UK, 619.
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main longitudinal folds, except Drmno basin which today
have, more or less, spherical contour.

Seismic data indicate intensive Quaternary tectonic
disturbance and deposition of sediments, and the seismic
activity in this part of the Pannonian Basin and southern
Carpathians confirm that the strike-slip tectonics of the
Moravian corridor are still active today.

Despite the large amount of available 2D and 3D
seismic, and geological data from a large number of deep
wells, still remain open fundamental issues related to events
happened during the Lower Miocene and development of
pull-apart basin during the Sarmatian regional regression.

The prevailing opinion is that the existence of promi-
nent young strike-slip systems can be more negative than
a positive factor in migration, trapping and, in particular,
the preservation of hydrocarbon accumulations.

However, the Southern Banat petroleum system is ful-
ly linked to relevant events, since the mature rocks were
formed in pull-apart basins, and the migration of hydro-
carbons and the formation of traps was made possible by a
young strike-slip tectonics.

Keywords: pull-apart, strike-slip, Southern Banat, Pannonian
basin, Neogene
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Microplastics (MP) can be defined as a plastic particle
of size in the range from 0.5 to 5 mm, although there
is an ongoing debate on the definition and the minimum
size limit (CHUBARENKO et al., 2016). Plastics are syn-
thetic organic polymers, which are derived from the poly-
merization of monomers extracted from oil or gas (COLE
etal., 2011), with low density, in the range between 0.8-1.4
g cm?, as an important characteristic of MP. Sediment is
one of the media where microplastics are present and there-
fore is regularly analyzed.

Analysis of microplastics can be divided into two main
processes: separation of microplastics (a) and microplastics
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determination (b). Both of these steps have challenges and
yet, there is no analytical procedure to follow but some
recommendations. The most used process for microplas-
tics separation from the sediment includes zinc chloride
solution, and separation is based on different density of
the microplastics and solution (LODER & GERDTS,
2015). Due to the toxicity of ZnCl, solution (ERGONUL
etal., 2012), in our research, we modified heavy minerals
separation procedure and successfully separated MP from
sediment, with the chemical that can fit into the “Green
Chemistry” philosophy. A known mass of homogenized
and dry sediment is mixed with the sodium polytungstate
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Figure 1. Density separation of microplastics particles by SPT solution.

or SPT (Nay[H,W,,0,,]) solution of adjusted density at
1.60 g cm?. After stirring and centrifugation solution is fro-
zen, to achieve better separation of particles with the lower
density. Prior to the density separation, sediment samples
are treated with the hydrogen peroxide (H,O,, 30%) to
remove organic matter. This step is of great importance
when biofouling is present, due to the density increase of
particle of interest. One of the possible steps, depending on
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the mineralogy of the sample, is carbonate removal, with
the hydrochloric acid (HCI, 10%). When small shells or
tests are abundantly represented in the sample, this step is
recommended. After MP separation is performed, particles
are weighted to determine the amount of MP in sediment

and ready for further determination by an instrument of
choice (HIDALGO-RUZ et al., 2012).

Keywords: microplastics, sediment, SPT, density separation
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atural stone is one of our main raw material products
for domestic and various foreign markets. It is also a
way to present natural heritage and geoheritage, especially,
in our case, various sedimentary deposits, which cover most
parts of Croatia. All of these varieties differ in colour and pe-
trographic characteristics and are often rich in fossil remains.

As a part of the geotouristical offer, we can promote
our geological knowledge not only to tourists but also to
local people, schoolchildren, students, etc., as interesting
facts about their city and culture. The city of Zagreb, es-
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pecially its central part, exhibits various types of natural
stone, which are often domestic, or from near-by are-
as. The main role of the stone built into a construction
is to be protective, durable and decorative. Some of the
main Croatian varieties of stones that can be seen on the
streets and as building material include sedimentary rocks
as Lithothamnium limestones and “Litavac”, various types
of rudist limestones — with fragments or complete rudist
bivalves, stilolitic limestones, oncolytic limestones, Lizhi-
otis limestones etc.

>



The main building material in Zagreb includes
Lithothamnium limestone and “Litavac”, calcareous rud-
stones composed mainly of fragments of coralline algae,
from local Bizek and Gornje Vrapce quarries. Many fa-
mous buildings (or their parts) were built from these va-
rieties throughout our history, with the Cathedral being
the most known. Unfortunately, due to the composition
of the stone and its high porosity, these varieties are com-
monly susceptible to chemical weathering and mechanical
damage, and often replaced.

Rudist limestones include different varieties, with the
most known white coloured Veselje unito, often wrongly
named “Bra¢ marble”. It is used as building material for
different sacral and historical buildings in Croatia and
neighbouring countries, including the Croatian National
Bank and Croatian Association of Artists building.

Stilolitic limestone, also named Kirmenjak or Pietra
d’Istria, is stone of highest quality in Croatia, whose
decorative criteria is pronounced when blocks are sawed
perpendicular to the layers. Its durability and resistance
to weathering are certified by its historical use as a build-

ing stone in Venice, where it is constantly exposed to
seawater.

Magmatic and metamorphic rock varieties are not com-
mon as natural stones in Croatia and are therefore mainly
imported. Varieties of silicate composition are firmer and
more resistant to abrasion, more durable and absorb less
water compared to sedimentary rocks. Therefore, different
varieties of granites (e.g., Libereckd zula from Czech Re-
public, Rossa Porrino from Spain), trachytes (e.g., Peperino
Rosso cubes from Italy) and gabbros (e.g., Jablanica Tamni
from Bosnia and Herzegovina) have been used for pave-
ments and parts of the monuments on the main squares
and streets in the Zagreb centre.

Natural stones can represent a part of a geotouristical
offer for any place or region. Information and knowledge
concerning certain rock types, their geological age and ori-
gin, as well as exploitation methods and their possible usage
can give an overview on their importance and preservation
as part of cultural heritage and geoheritage.

Keywords: natural stones, geoheritage, geotourism, Zagreb,
Croatia

Environmental Stress within Lower Triassic Clastic and
Carbonate Deposits (Mu¢—0gorje, Central Dalmatia)
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ower Triassic clastic and carbonate deposits are well ex-
Lposed and known in the area of Mu¢ (HERAK et al.,
1983), enabling detailed interpretations concerning the de-
positional environment and changes throughouta 270 m thick
succession exposed along the road Mu¢-Ogorje in Central
Dalmatia. The succession comprises mainly reddish clas-
tic deposits in its lower part and yellowish-grey carbonate
deposits in the upper part. Detailed logging revealed that
clastics and carbonates are often interchanging in the upper
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part of the succession, giving new clues on the depositional
conditions. Clastic deposits are commonly micaceous, vary
in size from siltstones to medium-grained sandstones and
are attributed to deposition in an offshore transition envi-
ronment, as attested by the occurrence of storm deposits
(Fig. 1A) and slumps (Fig. 1B). Similar deposits were report-
ed about 50 km away in the vicinity of Knin (ALJINOVIC,
1995; ALJINOVIC et al., 2018), thus suggesting that a
broad shelf occupied this area during the Early Triassic.

Figure 1. A. Ripple marks on the
upper bedding plane of a sandstone
bed, interpreted as storm deposits.
Finely laminated siltstones are inter-
preted as background sedimenta-
tion during fair weather conditions;
B. Slumps or possible storm deposi-

tional structures.
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Fossil findings within the clastic lower part are rare, mainly
internal and external moulds of bivalve shells (Unionites). In
the carbonate part of the succession, fossil findings include
common gastropod remains (Werfenella) and visible biotur-
bation, with sporadic occurrence of ammonites (77rofites)

(VUDRAG & SREMAC, 2015; this study).

Variations in lithology, colour of deposits and fossil con-
tent throughout the succession suggest frequent changes in
depositional conditions. Siliciclastic deposits in the lower
part of the succession comprise only bivalves, indicating
modest macrofossil recovery, while carbonates in the upper

Journal of Earth Science, 29, 4, 806-823.
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part contain a more diverse fossil community, including
gastropods, rare bivalves and ammonites. Carbonate de-
posits are thought to reflect tectonically driven episodes
of basin deepening, whereby the reduction of siliciclastic
input generated favourable conditions for biota. However,
siltstone intercalations are barren of any visible fossils, sug-
gesting that siliciclastic input negatively affected present
biota leading to enhanced stress in already stressed envi-
ronment in the aftermath of the end-Permian extinction.
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Badlands in Istria present specific isolated relief units
characterised by extremely dissected landscape with
minimal or none vegetation cover and high drainage den-
sity. They are the consequence of intense erosion processes
in the area with highly erodible flysh deposits, which are
mainly composed of sandstone and marl layers (GULAM,
2012). To understand the dynamics of badland denudation
and quantify temporal changes, it is necessary to get the
exact measures of their morphology. In that sense, the use
of photogrammetry proved to be a good tool for badland
3D model creation (STOCKER et al., 2015; GULAM et
al., 2018). As the photogrammetry is based on taking mul-
tiple overlapping photographs, different image acquisition
techniques are tested and presented in this work. The test
polygon is established on Sterna badland in Istria, covering
app. 37.000 m* Within, for close range photogrammetry,
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several smaller pilot polygons are defined, with an area of
several square meters.

Several image acquisition techniques were used to obtain
photogrammetry models, including two different methods,
airborne and terrestrial (Fig. 1). For airborne image acqui-
sition different UAV (unmanned aerial vehicle) types were
used, fixed-wing (senseFly eBee and Topcon Sirius Pro) and
multicopter UAVs (senseFly Albris and Falcon 8+ Topcon
Edition). The flights were performed at different altitudes
combining automated, semi-automated and manual flight
modes. Ground-based images were taken using DSLR came-
ra (Nikon D610 with 35 mm /2 lens) with and without the
tripod, and mobile phone camera (Huawei P8 Light).

The images were processed with Pix4Dmapper software
aimed to get high-resolution 3D models. Ground control
points (GCP) were used for improving model positioning

.



0,150

0,100

-0,050

Differences of DSMs z-values [m]

-0,100 '
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 83 91 94 97 100
Points within referenced polygon
symbol Image acguisition Flight / Photo Flight height | Area covered ca“:nr:i? for grg:::lb::n::ol S:nup'::
LU e (m] (m’] model points distance [cm]

— senseFly eBee automated 170 746747.50 176 15 4.74
- senseFly eBee automated 106 805621.14 479 15 3.00
~~~~~~~~~ Topcon Sirius Pro automated 100-120 477213.06 433 14 2.55
- Falcon 8+ Topcon Edition manual 11-16 413.91 40 5 0.19
— senseFly albris automated 11.5 11603.37 356 10 0.33
""""" senseFly albris semi-automated 4 413.34 265 10 0.07
DSLR (Nikon D610) hand held - 187.93 23 5 0.07
Huawei P8 Lite hand held - 19.91 16 5 0.10
Ref. model DSLR (Nikon D610) with tripod - 10.11 5 5 0.07

Figure 1. The comparison of DSMs processed using different image acquisition techniques.

and accuracy. Fifteen black and white markers were placed
over the investigated area for UAVs high altitude-flights,
and metal bolts were drilled into the rock on smaller pilot
polygons for UAVs low-altitude flights, app. five bolts per
polygon. This allowed the GCPs recognition on the images
captured. Overall, 109 GCPs were set within investigated
area. Their positions were precisely measured on the field
with a total station (Leica TCR 705).

To test the difference of digital surface models (DSMs)
obtained by different image acquisition techniques, a pre-
liminary analysis was performed in GIS environment. For
that purpose, all DSMs that were processed for one pilot
polygon were compared. The cell values (Z coordinate)
of DSMs were extracted for 100 points randomly created
within the polygon of 7.45 m? and compared. DSM ob-
tained from images acquired by DSLR camera with tripod
was taken as the reference model.

The first results of DSMs comparison are shown for all
image acquisition techniques (Fig. 1). Logically, the big-
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gest aberrations from reference model are recorded for the
highest UAV flight (eBee on 170 m), ranging from -0.112
t0 0.141 m. By reducing the height of the flight, deviations
from the reference model are significantly decreased. The
same trend can be seen for Albris UAV. Decreasing the
flight height from 11.5 to 4 m, ground sampling distance
(GSD) decreases from 0.33 to 0.07 cm. This improves the
model, but data collection requires more effort, since the
flight mode is changed to semi-automated (manual flight
with locked distance from the ground).

Comparing the DSMs obtained by images captured
with Falcon 8+ and Albris, the one processed using Fal-
con 8+ images showed much better results due to size and
quality of camera sensor, although the camera resolution is
similar (-40 MP). The quality and dynamic range of pho-
tos produced by Sony A7r camera which is used by Falcon
8+ proved much bigger influence on overall model qual-
ity then superior flight planning software used by Albris.
While Falcon 8+ flies at constant height (future updates
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of mission planning software might change that), Albris
follows the terrain morphology when flying.

Using the terrestrial image acquisition techniques
(DSLR and mobile phone camera) much smaller areas can
be covered, but their DSMs show negligible differences.
Thus, the use of mobile phone camera for photogrammet-
ric models should be tested in more detail.

Zagreb, 275 p.

in Istrian badlands. Catena, 160, 298-309.
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Further research will be focused on choosing the opti-
mal method for image acquisition in badland areas, aimed
to get photogrammetry 3D models accurate enough to
map morphological details and monitor denudation rates,
which for Istrian badlands ranges between 0.5 and 5.5 cm
per year (GULAM, 2012).

Keywords: photogrammetry, 3D model, badland, denudation,
UAV
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W‘lthin the HRZZ research project: GEOSEKVA (Ge-
ological and Seismological aspects of Geodynamics
in Kvarner area — unveiling of the Kvarner fault) during the
first two years (2017 and 2018) detailed geological investi-
gations of the wider area of the Rijeka were conducted (Fig.
1A). One of the main goals of the project is construction
of new and more reliable 3D geological models of selec-
ted structures within the Kvarner area. Presented geological
cross-sections (Fig. 1B) are the first results of the research.
As a base for achieving the main research objectives of this
part of the project, it is necessary to create a new geological
(lithostratigraphic) map of the selected zones (profiles) in
scale 1: 25,000, and to construct geological cross-sections
through selected structures in Rijeka area. Except the wider
area of the Rijeka, systematic geological research within the
GEOSEKVA project are carried out on the Labin peninsula
and in the wider area of the U¢ka mountain.

In Rijeka area, we defined 16 informal lithostrati-
graphic units presented on geological maps and cross-sec-
tions: TIT (Tithonian limestone), DR (Dragozeti¢i for-
mation), CR (Cres formation), KA (Kanfanar formation),
PO (Porozina formation), CN (Crna formation), SIS (Sis
formation), MI (Milna formation), SD (Sv. Duh forma-
tion), BS (Basina formation), GH (Gornji Humac for-
mation), KKV (crystalline limestone), FV (Foraminiferal
limestones), FL (Flysch), Qgfl (Quaternary glacial-fluvial
deposits) and Q (Quaternary, in general). Most of the
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lithostratigraphic units are defined and presented on the
published sheets of Basic Geological Map of the Repub-
lic of the Croatia in 1: 50,000 scale of the neighbouring
islands of Cres and Losinj (FUCEK et al., 2015). The
stratigraphic range of the lithostratigraphic units is from
the Upper Tithonian to the Quaternary. Total thickness
of deposits is estimated between 3200 and 4000 meters.
Geological cross-sections presented in Fig. 1B indicate
complex tectonics of this area also inferred from strong-
ly fractured carbonates in the Rijeka area. Steep faults
characterized by Dinaridic NW-SE strike with horizontal
(mostly right-lateral) movements predominate, dissecting
partly reactivated older Dinaridic thrust faults. However,
there are also faults transversal to the strike of Dinaridic
structures. All profiles end up in the northeastern part
within the the great anticlinal structure of Gorski Kotar.
To characterize the contact between this anticline struc-
ture with the complex structure of Grobnik-Obru¢ is still
our primary objective for further research.
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Miocene sediments from the Medvednica Mt. belong
to the North Croatian Basin of SW Central Para-
tethys. The marine succession of the Karpatian/Badenian
transition near Cucerje village and from nearby outcrops at
Bokanjscica stream, expose ca. 90 m thick marly deposits
with intercalations of clastic sediments containing rich and
very well preserved microfaunal assemblages (planktonic
and benthic foraminifera, ostracods) with calcareous nan-
nofossil.

Karpatian

The last appearance of Helicosphaera ampliaperra BRAM-
LETTE & WILCOXON is noticed where Sphenolithus he-
teromorphus DEFLANDRE Paracme ends and represents a
very useful correlation tool defining the Subzone MNN4b
(MNN4c recently) within Chron C5Br in Langhian su-
ccessions of the Mediterranean estimated at 15.527 Ma.
This zone is correlated with the NN4 Zone in Karpatian
successions of the Paratethys.

The basal part of the interval is characterised by the
domination of smaller to medium coccoliths of Cocco-
lithus pelagicus (WALLICH) SCHILLER, typical for
cold, eutrophic waters. Helicosphaera carteri (WALLICH)
KAMPTNER flux could be a consequence of lower sur-
face temperatures (ca. 15 °C). Similar abundances of H.
carteri are associated with today’s known La Nifa episodes
in the tropics while it has been recognized here during
the MCO (ca. 17-15 Ma). Nevertheless, planktonic fo-
raminiferal assemblage consists of numerous specimens of
the cool surface water indicators such as Zenuitella munda
(JENKINS), Zenuitella angustiumbilicata (BOLLI) and
Globigerinita glutinata (EGGER). This fits well with alre-
ady noticed larger climate instability during the early stage
of the MCO. An increase in Si component was likely a

direct effect of the cooler temperatures favouring siliceous

68 6.

HRVATSKI GEOLOSKI KONGRES -

09.-12.10.2019. ZAGREB

organisms during the long-term global climate cooling
(Mi2 event) at ca. 16 Ma. This is evident especially in
the upper part of interval, where silicoflagellate, diatom
and radiolarians implying to intensified upwelling caused
by a shift in the local current system during the global
cooling. Nevertheless, larger temperate forms of C. pela-
gicus, known from upwelling regions where temperature
ranges from 13-16 °C, dominates in assemblage. How-
ever, skeletons of siliceous organisms are mostly broken
probably because of the unstable shallower environment
of coastal turbulent, nutrient enriched water. It is detec-
ted in assemblage with abundant Pontosphaera multipora
(KAMPTNER, ex DEFLANDRE in DEFLANDRE &
FERT) ROTH, which is indicative for the shallow marine
nearshore environment with normal to slightly hyposaline
water due to the seasonally driven convergence of different
water bodies. Frequent occurrence of benthic foraminiferal
infaunal genera Bolivina, Bulimina and Melonis indicate a
low oxygen but organic carbon reach sea bottom.

Badenian

The regular occurrence of coccolith S. heteromorphus
together with close records of Helicosphaera waltrans
THEODORIDIS corresponding to the Mediterranean
Subzone MNN5a. In the Paratethys, it is detected in the
lower part of the Helicosphaera waltrans horizon of early
Badenian.

In early Badenian small Reticulofenestra species domi-
nates in assemblage with abundant H. carteri, common
Reticulofenestra haqii BACKMAN and sphenoliths. Simi-
lar nannoflora assemblage is recorded in Messinian, in
shallow, hypersaline environment with periodic influxes
of fresh, nutrient rich water. This resulted in an extreme
environment with highly fluctuating salinity levels and ele-
vated abundances of Reticulofenestra minuta ROTH. The
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increasement of C. pelagicus was also noticed probably as a
result of the aforementioned convergence of different water
bodies. Planktonic foraminiferal association is charac-
terised by prevailens of warm water Cassigerinella chipo-
lensis (CUSHMAN & PONTON) (50%) over cool water
Turborotalita quingueloba (NATLAND) (10%). Warmer
climate and MCO was reestablished in the early Badenian
but in more fluctuating environment. Discovery of very
rare Indo-Pacific ostracod Paijenborchella iocosa KING-
MA indicates the establishment of connections between
the Paratethys, Mediterranean and Indo-Pacific Ocean.
This is in accordance with the Badenian transgression that
began at 15.4 Ma and recognised above the Lan2/Serl
sequence boundary. Reach and highly diversified benthic

The Age of the Durdevac Sands

Lidija Galovi¢"” & Hrvoje Posilovi¢'

foraminiferal assemblage, dominated by infaunal organic
carbon-preferring genera such as Bulimina, and low-oxygen
adapted taxa like Bolivina, Uvigerina and Pappina, indicate
middle shelf environment where Bolivina dominates, while
relatively abundant dinocyst association (Systematophora
placacantha (DEFLANDRE & COOKSON) DAVEY
et al., Lingulodinium machaerophorum (DEFLANDRE
& COOKSON) WALL, Melirasphaeridium choanophorum
(DEFLANDRE & COOKSON) HARLAND & HILL,
Spiniferites sp., Lejeunacysta sp.) indicate somewhat deeper
and distal marine environment.

Keywords: microfossils, Karpatian/Badenian transition, SW Cen-
tral Paratethys
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he Alpine orogenesis resulted in intense erosion of

the elevated mountains and gravitational transport
of the material. During the Pleistocene glaciation, an in-
crease in the volume of ice resulted in intense crushing and
grinding of rocks. During interstadials, the ice was melted
and the grained material was transported and additionally
fragmented by newly formed rivers (as the Drava River)
to lowlands and formed floodplains. A lot of material in
suspension and reduction of the potential energy of the
flow caused meander development and periodical floods
followed by deposition of fine-grained sediments in the
Podravina region. Also, during the cooling periods and
freezing of the vegetation, the northwest winds blew away
silty and clayey material. These natural separation processes
resulted in accumulation of medium-sorted sand with a
high percentage of heavy mineral fraction (HMF) (7-54%)
(GALOVIC & POSILOVIC, 2017). Light mineral frac-
tion (LMF) is dominated by quartz and HMF by garnet
(GALOVIC & POSILOVIC, 2017).

Based on HECIMOVIC (1987), during the Holocene
this sands have been repeatedly resedimented by winds
and formed dunes (the Durdevac Sands) that are discor-
dantly situated on the Pleistocene loess of the Bilogora
Mt. slopes, and in the Drava River Valley on the Holocene
sands and gravels of the second alluvial terrace and partly
on the marshy sediments. Mineral composition of sands
and transport by saltation mechanism disabled preserva-
tion of potential fossils. Based on Mohs scale of mineral
hardness, the sand grains are almost exclusively harder (>6)
than calcite/aragonite mollusc shells and dentin (3) or even
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tooth enamel (5). Thus the age of the Durdevac Sands was
determined by the superposition principle.

During dry years, the sand was unsuitable for rooting.
In history, the Durdevac Sands were a real threat to agri-
cultural cultures and settlements in this area due to their
instability. Settling of sands at the end of the 19th and
early 20th centuries was achieved, mainly by afforestation.
Recent forest arenosol has an organic horizon (O,) 1-3 cm
thick and a humus horizon (A;) up to 10 cm. At control
sites, without affecting forest vegetation, arenosol is low
in humus (up to 2 cm) (VRBEK et al., 2017). Generally,
arenosols are typical soils developed on recent dunes from
arid to humid and per humid, and from extremely cold to
extremely hot climate. The vegetation ranges from a de-
sert over scattered vegetation (mostly grassy) to light forest
(IUSS WORKING GROUP WRB, 2015).

The climate in the area is continental, with springs
warmer than autumns. According to Lang’s rainfall factor,
the area of the Purdevac Sands, during the reference peri-
od 1961-1990 had humid, and during the modern period
1991-1996 semi-humid climate, indicating climate warm-
ing (BILANDZIJA et al., 2017).

Within the CSF project SAPIQ, in 2016 the Durdevac
Sands were preliminarily investigated in the sandpit Dra-
ganci. Within the sand dunes sets, two palaeosoils, type
arenosol, were discovered (Fig. 1). Sedimentological analy-
sis and sampling of palacosoils and overlying and underly-
ing sands were performed. It was intended to correlate the
Holocene warm humid periods documented by pedogene-
sis (charcoal pieces extracted from the palacosoils dated by
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11.705%55 a BP

12.483153 a BP

Figure 1. Two palaeosoils (arenosol), revealed within sand
dune sets of the Durdevacki Sands. Different degree of pe-
dogenic development indicates different climate optimums.

Charcoals from palaeosoils are dated by '*C method.

the "*C method) with the historical data during which the
dunes did not travel.

Unexpectedly, the analysis showed that these two pal-
aeosoils developed just before and at the very beginning
of the Holocene. Preserved bioturbations confirm that the
palaeosoils are in situ. The older palacosoil (12.483+53 a
BP) is the thinner (about 15 ¢m thick) and the degree of
pedogenic development indicates semi-arid climate with
annual rainfall less than 300 mm and predominantly cove-
red by grass IUSS WORKING GROUP WRB, 2015;
PEYRAT, 2007). It is similar to the modern forest soil in
the area. The younger palacosoil (11.705£55 a BP) is about
40 cm thick and pedogenetically well-developed. The up-
per border is erosional, so the original thickness cannot
be assumed. However, it can be assumed that the climate
was warmer and more humid, vegetation lusher than to-
day and/or it can be assumed that this pedogenesis lasted
longer. A lamination of sands underlying those palacosoils
is not noticeable. However, 20 meters laterally, the metric
sets of the dune laminas beneath the palacosoils were reco-
gnised. Based on superposition, it can be concluded that
those dune laminas are older than dated palacosoils, and
were formed by the end of the Pleistocene. During that
dry and cold period, the Drava River has provided enough
sandy material (HECIMOVIC, 1987) and aeolian resedi-
mentation could form the dunes.

Thus, it is possible that older dune sediments of the
Durdevac Sands were formed before the end of the Pleis-
tocene, and palaeosoils formed just before and at the begin-
ning of the Holocene preserved them from erosion.

Keywords: Durdevac Sands, palaeosoil, dune, Holocene, Pleis-

tocene
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he La Luna Formation is a calcareous monotonous

sequence composing of organic-rich black shales and
limestones whit discoidal concretions. It was deposited in a
deep-water marine environment with restricting oxygen in
the sea floor. This formation has been considered by ZUM-
BERGE (1984) and RANGEL et al. (1996) as the most
important hydrocarbon source rock in the Middle Magda-
lena Valley Basin in Colombia, as well as in the Maracaibo
Basin in Venezuela (TALUKDAR et al., 1986). This work
analyzes The La Luna formation rocks using organic and
inorganic geochemical techniques.

X-ray fluorescence is an easy, accurate and fast tool to
chemically analyze the composition of rocks without pre-
vious preparation (LARRIESTRA, 2011; LARRIESTRA &
MERINO, 2014; NAWRATIL et al., 2012). A detailed
geochemical study was performed on the rocks deposited
from the Turonian to the Cenomanian, known as La Luna
Formation, in an outcrop of the El Salto creck to the north
of the Middle Magdalena Valley basin (MMYV), Colombia.
The purpose was to evaluate by X-ray Fluorescence the ele-
mental variability related to environmental changes occurred
during depositional processes and investigate the possible
relationship between inorganic and organic geochemical
data. The element concentrations of Rb, Cs, Zr, Ce, La, Be
and Th and oxide concentrations AL,O;, SiO,, Fe,O, K,O,
CaO, P,0; indicate the rocks from La Luna Formation
carry an important sediment supply from detrital origin;
in turn off, the Al/(Al+Fe+Mn)= 0,79 indicate these rocks
have not been altered by hydrothermal processes. Further,
ALO, vs TiO, indicate the detrital contribution came from
a constant source (ROSS & BUSTIN, 2008). Trace metals
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like V, Cr, U, Th, Mo and Re can be related with increased
organic paleo-productivity indicators (ROSS & BUSTIN,
2009; SAGEMAN et al., 2003). Trace elements such as U,
Ni, V and Cr indicated that the paleo-environmental con-
ditions during deposition of La Luna Formation were poor
in oxygen, changing from the dysoxic to the anoxic stage.

Through conventional organic geochemistry, according
to the PETERS & CASSA (1994) classification scale, the
parameters to evaluate the hydrocarbon generation poten-
tial of the rocks (Quantity, Quality and the thermal matu-
rity state of organic matter) were established. The average
TOC data in La Luna formation were 3.28 %w indicating
that this section contains highly valuable organic matter
content. In average HI values are 468 mg HC/g TOC
which correspond to amorphous marine, type II organic
mactter (oil prone). The S, average is 15.76 mg HC/g of
rock, it indicates the potential to generate hydrocarbons is
very good. Furthermore, Tmax values (in average = 436 °C)
indicate an early stage of hydrocarbon generation (early oil
window). The organic geochemistry data suggest that the
La Luna Formation is a hydrocarbon source rock with very
good potential to generate oil.

This case study demonstrates that data from performed
X-ray fluorescence analysis and conventional organic ge-
ochemistry can be used to accurately define stratigraphic
intervals with optimal conditions for the preservation of
organic matter, which are, in turn, essential for the gener-
ation of hydrocarbons.

Keywords: La Luna Formation, Middle Magdalena Basin,
geochemistry, hydrocarbons, X-ray fluorescence, El Salto Section
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he research on the prevalence of condensation corro-

sion in speleogenesis have been conducted in the Karst
of Croatian coast for the first time. It is the instalment of
the international project. Condensation corrosion in caves
occurs on cold rock surface in contact with the warm and
humid air coming from the terrain surface. A thin layer
of water appears on the rock surface and reacts chemically
with it. This process is very noticeable on the cave entrances
in the arid areas when the hot air from the surface rapidly
enters the cold caves.

Condensation corrosion forms round shapes on the
rocks, domes, sometimes similar to “vortex pots” on the
ceilings and corroded speleothems.

Extraordinary examples of condensation corrosion have
been found in some coves in the coastal area of Croatian
Karst where the temperature gradients are more expressed.
The air humidity in the parts of the caves closer to the
terrain surface can be changed due to the effects of strong
winds (Bura, Jugo etc.). Examples of such condensation
corrosion were noticed in several vertical caves near Maslen-
ica and on Murter Island (Fig. 1). Due to the vicinity of
the sea the effects of salinization are sometimes also found
on the cave entrances.

In the research conducted in Cyprus (CAILHOL etal.,
2019) condensation corrosion correlated with the larger
colonies of bats in the caves. Namely, the metabolism of
bats and the chemical decomposition of guano change the
temperature, humidity and acidity of the cave (AUDRA
et al., 2018). Such research in the sense of condensation
corrosion have not been conducted before in Croatia.

Caves include