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Uvodnik
Introduction

Dr. sc. Slobodan MIKO

Ravnatelj / Director

tel: (+385 1) 6160 749

fax: (+3851) 6144 718

e-mail: slobodan.miko@hgi-cgs.hr

Hrvatski geoloski institut (HGI-CGS) javni je znanstveni institut
koji je osnovan 1909. Vizija HGI-CGS-a je biti vodedi javni znan-
stveno-istrazivacki institut u podru¢ju geologije i geoloskog
inZenjerstva u Republici Hrvatskoj, a njegova misija je izvode-
nje temeljnih i primijenjenih znanstvenih istraZivanja te izrada
geoloskih karata svih vrsta, namjena i mjerila s pripadajucim
bazama podataka za cjelokupni teritorij Republike Hrvatske.

Tijekom 2022. godine vecina aktivnosti u HGI-CGS-u je norma-
lizirana nakon prolaska akutne faze pandemije bolesti COVID
-19. Intenzivirana su terenska istrazivanja na kopnu i na moru
u skladu s programima i ugovorenim projektima. Projektne ak-
tivnosti ve¢im dijelom su financirane od strane Hrvatske zakla-
de za znanost (HRZZ), EU fondova i te kroz suradnju s javnim
ustanovama. Rezultati istraZivanja publicirani su u vise od 50
radova od kojih 25 u ¢asopisima kategoriziranim u prvi kvartil
(Q1) prema bazi Web of Science. Osamnaest zaposlenika je ti-
jekom 2022. godine provodilo istraZivanja za doktorske diser-
tacije, a u 2023. godini zaposlit Ce se jos troje doktoranada. HA-
ZU je 2022. godine dodijelila godisnju nagradu za znanost iz
podru¢ja prirodnih znanosti dr. sc. Petri Bajo, viSoj znanstvenoj
suradnici HGI-CGS-a, za njezina istrazivanja siga.

Kako bismo bili u mo¢nosti pratiti suvremena istrazivanja u ge-
ologiji, HGI-CGS je nastavio s intenzivnim ulaganjima u opremu
za daljinska istraZivanja i programe za obradu podataka. Tije-
kom 2022. godine zavriena je priprema za infrastrukturni pro-
jekt GEOLAB ¢ija implementacija bi znacila potpunu moderni-
zaciju i povecanje analiti¢kih kapaciteta u vrijednosti od 5,5
milijuna eura. Natjecaj za dodjelu sredstava infrastrukturnih
projekta ocekuje se krajem 2023. godine, a realizacija projekta
trajala bi Cetiri godine nakon odobrenja. HGI-CGS je tijekom

The Croatian Geological Survey (HGI-CGS) is a public research insti-
tute established in 1909. The vision of HGI-CGS is to become the
leading public scientific research institute in the field of geology
and geological engineering in the Republic of Croatia, and its mis-
sion is to conduct fundamental and applied scientific research and
produce geological maps of all types, purposes and scales with as-
sociated databases for the entire territory of the Republic of Croatia.

During 2022, most of the activities at HGI-CGS were stabilised after
the acute phase of the COVID-19 pandemic. Field research on land
and at sea was intensified in accordance with the programmes and
contracted projects. Project activities were primarily financed by
the Croatian Science Foundation (HRZZ), EU funds and through
cooperation with public institutions. The research results were pulb-
lished in more than 50 papers, 25 of which were in journals catego-
rised in the first quartile (Q1) according to the Web of Science (WOS)
database. In 2022, 18 employees carried out research work for their
doctoral dissertations, whereas in 2023, 3 more doctoral students
will be employed. Last year, HAZU awarded the National Annual
Science Award of the Republic of Croatia for 2022 in the Field of
Natural Sciences to Dr Petra Bajo, Senior Research Associate at HGI-
CGS, for her research on speleothems.

To keep up with contemporary research in geology, HGI-CGS con-
tinued to make robust investments in remote sensing equipment
and data processing programmes. In 2022, the preparation for the
Geoscientific Laboratories (GEOLAB) infrastructure project was com-
pleted, the implementation of which would mean a complete
modernisation and increase of analytical capacities worth 5.5 mil-
lion euros. The competition for the allocation of funds for infra-
structure projects is expected at the end of 2023, and the imple-
mentation of this project would take 4 years after approval. During
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2022. provodio i niz projekta koji ukljucuju izrade geoloskih
karata nacionalnih parkova, istraZivanja prostora zahvacenih
nedavnim potresima na Banovini te kliziSta na Sirem podrucju
sjeverozapadne Hrvatske. Provodila su se i istrazivanja stanja
podzemnih voda, kako kr3kog tako i panonskog dijela Hrvat-
ske. Provodilo se i intenzivno kartiranje podmorja, pri éemu je
obuhvacen prostor sjevernog i srednjeg Jadrana na povrsini
vecoj od 1000 km? u sklopu projekta kartiranja morskih stani-
$ta koje financira Ministarstvo gospodarstva i odrzivog razvo-
ja (MINGOR). Kartiranje provodi konzorcij kojeg ¢ine hrvatski
instituti i fakulteti koji se bave istraZivanjem podmorja.

HGI-CGS je ¢lan udruzenja od 50 partnera koji predstavljaju sve
geoloske sluzbe na teritoriju Europe (EuroGeoSurveys, EGS).
EGS je tijekom 2021. pripremio projekt Geological service for
Europe (GSEU) koji je 2022. godine odobren za financiranje kroz
program Obzor Europa. Cilj projekta je stvaranje stalne mreze
nacionalnih geoloskih sluzbi u svrhu pruzanja geoloskih infor-
macija na temelju najsuvremenijih dostignuca u struci na razi-
ni Europe. Projekt je tematski usmjeren na gospodarenje kri-
ti¢nim mineralnim sirovinama, geoenergiju, podzemnu vodu
te obalne procese.

U narednom razdoblju zavriava petogodidnje razdoblje pokri-
veno strategijom HGI-CGS-a od 2019. do 2023. te e se izraditi
nova strategija i planovi razvoja za razdoblje od 2024. do 2030.
Nova strategija bit ¢e uskladena sa strategijom razvoja RH do
2030. i s novim Zakonom o visokom obrazovanju i znanosti.

Na kraju od srca zahvaljujem svim zaposlenicima HGI-CGS-a
koji su se potrudili da poslovnu 2022. godinu zavrsimo uspjes-

no, na vlastito zadovoljstvo i zadovoljstvo naseg osnivacai nje-
govih predstavnika.

Slobodan Miko

CROATIAN GEOLOGICAL

the last year, HGI-CGS also implemented several projects that in-
cluded the production of geological maps of national parks and
investigations in the areas affected by recent earthquakes in the
Banovina region and landslides in the wider area of north-western
Croatia. Research was also conducted concerning groundwater
resources in the karst and the Pannonian parts of Croatia. Demand-
ing seabed mapping was also carried out, covering the northern
and central Adriatic and comprising an area of more than 1000 km?,
as part of the project of marine habitat mapping financed by the
Ministry of Economy and Sustainable Development (MINGOR).
Mapping is being carried out by a consortium of Croatian institutes
and faculties dealing with underwater research.

HGI-CGS is a member of the association of 50 partners represent-
ing all geological surveys in Europe (FuroGeoSurveys, EGS). In 2021,
EGS prepared the Geological Service for Europe (GSEU) project,
which was approved for financing through the Horizon Europe
programme in 2022. The goal of the project is to develop a per-
manent network of national geological survey organisations to
provide geological data infrastructure and related information ser-
vices based on the latest achievements in geology at the pan-Eu-
ropean level. The project is thematically focused on managing
critical mineral resources, geo-energy, underground water and
coastal processes.

In the near future, the five-year period covered by the HGI-CGS
strategy from 2019 to 2023 will end, and new strategy and devel-
opment plans will be drawn up from 2024 to 2030. The new strat-
egy will be harmonised with the 2030 National Development Strat-
egy of the Republic of Croatia and with the new Act on Scientific
Activity and Higher Education.

Finally, | would like to express my sincere gratitude to all the em-
ployees of HGI-CGS who made a tremendous effort to success-
fully complete the business year of 2022 to their satisfaction, as well
as to the satisfaction of our founder and its representatives.

V
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https://www.zakon.hr/z/320/Zakon-o-znanstvenoj-djelatnosti-i-visokom-obrazovanju
https://www.zakon.hr/z/320/Zakon-o-znanstvenoj-djelatnosti-i-visokom-obrazovanju
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Olujni blokovi na otoku Mani (foto T. Korbar)
= Storm boulders on Mana island (photo by T. Korbar) §
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Organizacijska struktura, zaposienici i proracun
Organizational Scheme, Employees and Budget

RAVNATEL) | DIRECTOR: Dr. sc. Slobodan MIKO
tel: (+385 1) 6160-749
fax: (+385 1) 6144-718
e-mail: slobodan.miko@hgi-cgs.hr

Tajnica HGI | Secretary of the (GS: Mladenka JURCIC, dipl. iur.

UPRAVNO VIJECE ! GOVERNING BOARD Dr. sc. Dragan KRASIC (MINGO*), predsjednik — Chair
Dr. sc. Stasa BOROVIC (HGI-CGS)
Prof. dr. sc. Vlasta COSOVIC (PMF*¥)
Akademik prof. dr. sc. Goran DURN (RGNF¥)
Dr. sc. Ozren LARVA (HGI-CGS)

INANSTVENO VIJECE! SCIENTIFIC COUNCIL Dr. sc. Stasa BOROVIC, predsjednica — Chair
Dr. sc. Marija HORVAT, zamjenica predsjednice — Chair deputy
Dr. sc. Adriano BANAK; tajnik — Secretary
Dr. sc. Duje KUKOC, tajnik - Secretary
Dr. sc. Petra BAJO
Dr. sc. Koraljka BAKRAC
Dr. sc. Mirko BELAK
Dr. sc. Vlatko BRCIC
Dr. sc. Maja BRISKI
Dr. sc. Zeljka BRKIC
Dr. sc. Mihovil BRLEK
Dr. sc. Dea BRUNOVIC
Dr. sc. Renato BULJAN
Dr. sc. Ines GALOVIC
Dr. sc. Lidija GALOVIC
Dr. sc. Ton¢i GRGASOVIC
Dr. sc. Anita GRIZELJ
Dr. sc. Vlatko GULAM
Dr. sc. Valentina HAJEK-TADESSE
Dr. sc. Ozren HASAN
Dr. sc. Nikolina ILIJANIC
Dr. sc. Igor KARLOVIC
Dr. sc. Tvrtko KORBAR
Dr. sc. Branko KORDIC
Dr. sc. Tomislav KURECIC
Dr. sc. Ozren LARVA
Dr. sc. Jasmina LUKAC REBERSK
Dr. sc. Tamara MARKOVIC
Dr. sc. Sasa MESIC
Dr. sc. Slobodan MIKO
Dr. sc. lvan MISUR
Dr. sc. Marco POLA
Dr. sc. Davor POLLAK
Dr. sc. Damir SLOVENEC
Dr.sc. Andrej STROJ
Dr. sc. Ajka SORSA
Dr. sc. Josip TERZIC
Dr. sc. Kosta URUMOVIC
Dr. sc. Lara WACHA

*MINGOR - Ministarstvo gospodarstva i odrzivog razvoja Republike Hrvatske / Ministry of Economy and Sustainable Development of the Republic of Croatia

PMF - Prirodoslovno-matematicki fakultet Sveucilista u Zagrebu / Faculty of Science, University of Zagreb
RGNF - Rudarsko-geolosko-naftni fakultet Sveucilista u Zagrebu / Faculty of Mining, Geology and Petroleum Engineering, University of Zagreb
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Shematski prikaz organizacijske strukture HGI-CGS-a

Upravno vijece
Organizational scheme of the HGI-CGS paiery '
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Struktura zaposlenika prema stru¢noj spremi po zavodima 2022. godine
Structure of employees according to professional qualifications per department in 2022
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Godisnji prihodi organizacijskih jedinica u 2022.
Annual revenue of organizational units in 2022
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Obrazovna struktura zaposlenika HGI-CGS-a 2022.
Educational structure of the HGI-CGS employees in 2022

W MZO (Ministry of
Science)

TRZISTE (Market
projects)

Prihodi iz prora¢una
(Croatian Science
Fundation)

m EU projekti (EU
projects)

Godisnji prihodi HGI-CGS-a, ukupno 35,8 milijuna kn
HGI-CGS Annual revenue, total of 35.8 million kn
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Lavod za geologiju
Department of geology

Predstojnica Zavoda / Head of Department: dr. sc. Anita GRIZELJ

tel: (+385 1) 6160 710
fax: (+385 1) 6160 799
e-mail: anita.grizelj@hgi-cgs.hr

Temeljna djelatnost Zavoda za geologiju obuhvaca regionalna
geoloska istraZivanja na podruéju Republike Hrvatske. U zavo-
du je 2022. g. radilo 19 djelatnika na znanstvenim, 14 na struc-
nim (pet doktora znanosti, Cetiri doktoranda), osmero na admi-
nistrativno-tehni¢kim i sedmero na suradnickim radnim
mjestima (pet doktoranada i dvije poslijedoktorandice).

Sviistrazivaci ukljuceni su u jedan od dvaju temeljnih projekata
instituta: Osnovna geoloska karta RH M 1:50.000 i Osnovna geo-
kemijska karta RH. Pocetkom 2022. g. tiskan je tumac za list OGK
Pozeske gore (urednici J. Halami¢ i M. Belak). Zavrsio je projekt
s PP Biokovo te je objavljena OGK RH M 1:50.000, list PP Biokovo

Uslojeni tamni mikritni dolomiti (lijevo), mjestimice s intervalima tufa (sredina) i tufiticnog
dolomita (desno). Trijas, karnik? Ivans¢ica; kamenolom Ocura (projekt GOST)
Bedded dark micrite dolomites (left), locally with intercalation of tuff (middle) and tuffitic do-
lomite (right), from the Triassic Carnian? in Ivanscica Mt; O¢ura quarry studied as part of the
GOST project

The main activity of the Department of Geology involves regional
geological research in the Republic of Croatia. In 2022, the depart-
ment had 19 employees in scientific positions, 14 professionals (in-
cluding five PhDs and four PhD students), eight administrative-
technical positions and seven associate positions (including five
PhD students and two postdoctoral researchers).

All researchers are involved in one of the two primary projects in
the department: the Basic Geological Map of the Republic of Cro-
atia, M 1:50,000 and the Basic Geochemical Map of the Republic of
Croatia. At the beginning of 2022, the Explanatory Notes for the
OGK sheet Pozeska Gora Mt were published (editors: J. Halamic¢ and
M. Belak). Additionally, the project in collaboration with
the Biokovo Nature Park was concluded, which includ-
ed publishing the sheet National Park (NP) Biokovo, OGK
RH M 1:50,000 (L. Fucek et al.). Furthermore, work con-
tinued on the project and construction of OGK RH M
1:50,000, sheet NP Plitvice Lakes (principal investigator
V.Brci¢). Also, the construction of the OGK RH M 1:50,000,
sheet Medvednica Mt with associated Explanatory
Notes, began in 2022 (principal investigators: J. Halamic
and M. Belak), while the completion of the OGK RH M
1:50,000, sheet Cicarija Mt (central part) (principal inves-
tigator D. Palenik) is planned for 2023.

Scientific studies were mainly conducted through the
HRZZ projects: GOST, PYROSKA, ACCENT, OMAD and
UNLOCK-CAVE. Cooperation continued on the HRZZ
projects with other institutions, which were being im-
plemented by employees from the department
(BREEMECO, SEDBAS, GEODEP, MOPENS and SeisRICHer-
CRO). As part of the project ‘Seismic Hazard in Croatia
project: A Collaboratory Approach in Earthquake Geol-
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LeZiSte boksita - Sinjski bazen, doktorandica Nina Trinajsti¢ vodi terenski
dnevnik (projekt PYROSKA)

PhD student Nina Trinajsti¢ holding a field diary while researching a bauxite de-
posit in the Sinj basin as part of the PYROSKA project

(L. Fucek i sur.). Nastavljen je rad na projektu i izradi OGK RH M
1:50.000 NP Plitvicka jezera (voditelj V. Br¢ic). Zapoceta je izrada
OGKRH M 1:50.000 Medvednica s tumacem (voditelji: J. Halami¢
i M. Belak), a zavrietak OGK RH M 1:50.000 Cicarija (sredisnji dio)
(voditelj D. Palenik) planiran je tijekom 2023. g.

Znanstvena istraZivanja provodila su se uglavnhom kroz HRZZ
projekte GOST, PYROSKA, ACCENT, QMAD i UNLOCK-CAVE. Na-
stavljena je suradnja na HRZZ projektima drugih institucija u
¢ijoj provedbi sudjeluju djelatnici iz zavoda (BREEMECO, SED-
BAS, GEODEP, MOPRENS i SeisRICHerCRO). U sklopu projekta
Seismic Hazard in CROatia: a COllaborative approach in Ear-
thquake Geology Studies in Central Croatia: active faults and
seismic potential nastavila se suradnja s kolegama iz europskih
institucija: IRSN (Institute for Radiological Protection and Nucle-
ar Safety), CEREGE (Centre de Recherche et d'enseignement
multidisciplinaire international) te INGV (Istituto Nazionale di
Geofisica e Vulcanologia). Potpisan je sporazum o znanstveno-
istrazivackoj suradniji s kolegama iz Francuske (Centre National
de Recherche Scientifique) i Njemacke (RWTH AACHEN Univer-
sity i Friedrich Shiller Universitat Jena). Odobren je hrvatsko-
francuski znanstvenoistrazivacki projekt u sklopu programa

CROATIAN GEOLOGICAL SURVEY

ogy Studies in Central Croatia: Active Faults and Seismic
Potential'cooperation continued with colleagues from the follow-
ing European institutions: IRSN (Institute for Radiological Protection
and Nuclear Safety), Cerelear (Centre de Recherche et denseignement
multidisciplinaire international) and Istituto Nazionale di Geofisica
e Vulcanologia. An agreement on scientific research cooperation
with colleagues from France (Centre National de Recherche Scien-
tifique) and Germany (RWTH AACHEN University and Friedrich
Schiller Universitét Jena) was also signed. The Croatian-French sci-
entific research project was approved as part of the Cogito pro-
gramme - Seismic Hazard in Croatia: A Collaborative Approach,
with B. Kordi¢ as the principal investigator, which will begin in 2023.
The laboratory of the department significantly contributes to re-
search work, the development of doctoral theses and the publica-
tion of scientific articles. High quality scientific articles have result-
ed in individual awards to the most successful HGI-CGS scientists
in the field of natural sciences, which in 2022, were awarded to
scientists of the Department of Geology in all categories.

We collaborate with colleagues from the Department of Hydroge-
ology and Engineering Geology on the Interred IPA-CBC project

. Bk v

o

Paleoklimatoloska istrazivanja pedosedimentnog kompleksa na lokaciji Priv-
laka (projekt ACCENT)

Palaeoclimatological research of the pedosedimentary complex at the location
of Privlaka (ACCENT project)
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Cogito: Seismic Hazard in Croatia: a Collaborative
approach voditelja B. Kordica, koji ¢e zapoceti 2023. g.
Laboratorij zavoda ukljucen je uistraZivacki rad te zna-
¢ajno doprinosi provedbi projekata, izradi disertacija i
objavljivanju znanstvenih ¢lanaka. Kvalitetni znanstve-
ni ¢lanci rezultirali su pojedinac¢nim nagradama naju-
spjesnijim znanstvenicima HGI-CGS-a za podrugje pri-
rodnih znanosti, koje su u svim kategorijama 2022. g.
dodijeljene znanstvenicima Zavoda za geologiju.

S kolegama iz Zavoda za hidrogeologiju i inZzenjersku
geologiju suradujemo na Interreg IPA-CBC projektu
RESPONSa, a sa Zavodom za mineralne sirovine na pro-
jektu Kartiranje obalnih i pridnenih morskih stanista na
podru¢ju Jadranskog mora pod nacionalnom jurisdik-
cijom.

Digitalni model dna sjeverne strane Dugog otoka dobiven na osnovu obrade podataka

Krajem godine zapoceo je rad na projektu GSEU, u ko-
jem djelatnici zavoda sudjeluju u radnim paketima Ge-
ological Mapping & Modelling Expert Group i Geother-
mal energy & underground storage inventory.

U popularizaciji geoznanosti sudjelovali smo kroz interaktivnu
izlozbu/radionicu Hrvatskoga geoloskog drustva Upoznaj Zem-
lju - zaviri u mikroskop! (voditelj D. Palenik), promociju geo-
bastine UNESCO Geoparka Viski arhipelag te zapoceti projekt
Grad Hvar — geostaza (voditelj T. Korbar). Djelatnici zavoda su-
djeluju u organizaciji 36th International Meeting of Sediment-
ology (predsjednica organizacijskog odbora L. Wacha) koji ¢e
se odrzati 2023. g. u Dubrovniku.

Informativna ploca s geoloskom kartom na prosirenoj geostazi "Bisevo" koja je 2022. obogatila
ponudu UNESCO Geoparka Viski arhipelag
Information board with a geological map at the ‘Bisevo’ Geotrail, which in 2022 enriched the offer of
the Vis Archipelago UNESCO Geopark

kalibriranog povratnog akusti¢nog signala ultrazvu¢nog visesnopnog dubinomjera
Digital model of the bottom of the northern side of Dugi otok Island recorded for data pro-
cessing of the calibrated, returned acoustic signal of the Multibeam echosounder bathym-
etry (MBES bathymetry)

of RESPONSa, and together with the Department of Mineral Re-
sources, we work on the project of Mapping of Coastal and Bot-
tom Marine Habitats in the area of the Adriatic Sea under the Na-
tional Jurisdiction.

Atthe end of the year, the Department of Geology began work on
the GSEU project, with employees participating in the work pack-
ages Geological Mapping & Modelling Expert Group and Geother-
mal Energy & Underground Storage Inventory.

The department also contributed to the popu-
larisation of geosciences through several activ-
ities, including the interactive exhibition/work-
shop of the Croatian Geological Society ‘Meet
the Earth - look into the microscope!’ (organised
by D. Palenik), the promotion of the geoherit-
age of the UNESCO Geopark Vis Archipelago
and the initiation of the City of Hvar — Geotrail
project (leader T. Korbar). Employees of the de-
partment are also involved in organising the
36th International Meeting of Sedimentology
(with L. Wacha as the president of the organis-
ing committee), which will occur in Dubrovnik
in 2023.

HRVATSKI GEOLOSKI INSTITUT



Tavod za hidrogeologiju i inzenjersku geologiju
Department of hydrogeology and engineering geology

Predstojnik Zavoda / Head of Department: dr. sc. Josip TERZIC
tel: (+385 1) 6160 700

fax: (+385 1) 6144 713

e-mail: josip.terzic@hgi-cgs.hr

Zavod za hidrogeologiju i inZzenjersku geologiju (ZHGIG) bavi
se geoloskim inZenjerstvom, primijenjenim dijelom geoloskih
znanosti. Osim struka zastupljenih u imenu zavoda, u posljed-
njem desetljecu u intenzivna znanstvena i stru¢na istrazivanja
ukljucene su geotermija, hidrotermija, geofizicka istrazivanja i
daljinska istrazivanja. U zavodu je tijekom 2022. radilo do 35
zaposlenika, a trenutno ih je 29. Razlog padu broja je zavrietak
vise projekata. Od 21 stalno zaposlenog geologa, ¢ak je 17 dok-
tora znanosti, uz jednog HRZZ doktoranda, jednog asistenata
i jednog viseq asistenta u sustavu znanosti, te petero tehnicko-
administrativnih djelatnika. Sestero mladih istraZiva¢a studira
na doktorskom studiju i izraduje doktorske disertacije. Poslije-
doktorand dr. sc. Marco Pola dobio je stalno znanstveno radno
mjesto znanstvenog savjetnika u trajnom izboru u sklopu pro-
grama znanstvenik-povratnik.

Kliziste kod Kutine (foto M. Doli¢)
Landslide near the town of Kutina Kliziste kod Kutine (photo by M. Doli¢)

CROATIAN GEOLOGICAL SURVEY

The Department of Hydrogeology and Engineering Geology (ZH-
GIG) is an applied part of geological sciences focussing on geo-
logical engineering. In addition to the professions represented in
the department name, the department has been involved in in-
tensive scientific and professional research in geothermal, hydro-
thermal, geophysical and remote sensing research over the last
decade.In 2022, the department had up to 35 employees, but cur-
rently, there are only 29 owing to the completion of several pro-
jects. Of the 21 permanently employed geologists, 17 are PhDs,
one HRZZ PhD student, one assistant, one senior assistant in the
public scientific research system and five technical-administrative
assistants. Additionally, six young researchers are studying for a
doctoral degree and preparing their doctoral theses. Postdoctoral
candidate Dr Marco Pola received a permanent scientific research-
er position as a scientific adviser with tenure as part of the Project
of returning Croatian scientists.

All permanently employed geologists are
involved in one of the institute’s two basic
projects: the Basic Engineering Geological
Map and the Basic Hydrogeological Map
of the Republic of Croatia. Although these
projects have not been funded for a long
time, they are used as a framework for da-
ta collection, while the largest number of
activities is carried out through competi-
tive projects. Although most EU projects
ended in 2022, no new projects were con-
tracted owing to the lack of open tenders.
Regardless, several research groups in the
department worked intensely on applica-
tions for new projects. In 2022, the depart-
mentimplemented two projects financed
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Snimanje morfologije korita Licke Jesenice (foto M. Briski)
Recording the riverbed morphology of the Licka Jesenica river (photo by M.
Briski)

Svi stalno zaposleni geolozi su ukljuéeni u jedan od dvaju te-
meljnih projekata instituta (Osnovna inZzenjerskogeoloska kar-
ta i Osnovna hidrogeoloska karta RH). Buduci da se ti projekti
vec¢ dugo ne financiraju, koriste se kao okvir za prikupljanje
podataka, dok se najvedi broj aktivnosti provodi kroz kompe-
titivne projekte. lako je tijekom 2022. zavrsila vecina EU proje-
kata, zbog nedostatka otvorenih natjecaja nisu dobiveni novi
projekti. Na prijavama novih projekata intenzivno radi vise
istrazivackih grupa unutar zavoda. U 2022. provodena su dva
projekta financirana iz strukturnih fondova, Cetiri Interreg pro-
jekta, te jedan projekt financiran od strane HRZZ-a. Osim toga,
ugovoreno je 14 novih trzidnih projekata, uz to $to su radovi-
ma na nekima od njih nastavljeni iz godine ranije. Krajem 2022.
zapoceo je projekt GSEU, a nastavljaju se i projekti programa
COST.

Nije viSe novost da istrazivaci ZHGIG prednjace u znanstvenom
objavljivanju unutar HGI-CGS-a, te je tijekom godine objavljen
¢ak 31 rad, od ¢ega veliki dio u ¢asopisima najreferentnijih ba-
za podataka WoS i Scopus.

Sada u zavodu djeluju vec Cetiri laboratorija: hidrokemijski, in-
zenjerskogeoloski, te za geofizicka i daljinska istrazivanja. Nisu
formalno odijeljeni, nego su u potpunosti integrirani u sve vr-
ste zavodskih projekata. Financirani su zavodskim sredstvima
od ustpostave do odrzavanja, te osmisljeni znanjem nasih istra-
Zivaca. Svakodnevno se unaprjeduju i znacajno doprinose
znanstvenoj produkciji i prijavama novih znanstvenih i trzisnih
projekata.

Snimanje ogolina u Istri bespilotnom letjelicom (foto I. Bostjanci¢)
UAV investigation of badlands in Istria (photo by . Bostjancic)

from structural funds, four Interreg Europe projects and one pro-
ject financed by HRZZ. Additionally, 14 new market-oriented pro-
jects were contracted, and work on some of them continued from
the previous year. At the end of 2022, the GSEU project began, while
projects from the COST programme are on-going.

ZHGIG researchers are at the forefront of scientific publication with-
in HGI-CGS, and in 2022, 31 papers were published, a large part of
which were in the journals of the most referenced databases WoS
and Scopus.

HRVATSKI GEOLOSKI INSTITUT



Currently, the department has four laboratories
in operation: the hydrochemical laboratory, the
engineering geological laboratory and the labo-
ratory for geophysical and remote sensing re-
search. Although not formally separated, these
laboratories are fully integrated into all kinds of
department projects. They are financed by the
department’s funds, including their installation
and maintenance, and they are designed with
the skills and knowledge of the department’s
researchers. As a result, these laboratories sig-
nificantly contribute to scientific production and
the applications of new scientific and market-
oriented projects.

0]
+
o
<
L
o
z
<
(0]
'3
w
o
b
3
z
z
o
E
<
O
z
<
a
[
o

0

(]

(&)

In 2022, the department contracted projects with
Testiranje upojnosti busotine za potrebe trasiranja u Nacionalnom parku Plitvicka jezera (foto T. P pro)

Frangen) several important investors, including the Min-
Testing the infiltration into a borehole before tracer experiment in Plitvice Lakes National Park (photo  istry of Economy and Sustainable Development,
by . Frangen) Zagorski Vodovod d.o.0. from Zabok, the public

institution ‘Plitvice Lakes National Park, Geoter-
Vazniji investitori s kojima su tijekom 2022. ugovoreni projekti  miKA d.o.o. for energy from Karlovac, company MKP d.o.o. from
su Ministarstvo gospodarstva i odrzivog razvoja, Zagorski vo-  Zagreb, the Municipality of Sandrovac, Toplice Sveti Martin d.o.0,
dovod d.0.0.iz Zaboka, Javna ustanova "Nacionalni park Plitvi¢-  the City of Makarska and the Maksimir public institution from Za-
ka jezera", GeotermiKA d.o.o. za energetiku iz Karlovca, tvrtka  greb.
MKP d.o.0. iz Zagreba, Op¢ina Sandrovac, Toplice Sveti Martin
d.o.0., Grad Makarska i Javna ustanova Maksimir iz Zagreba.

Uzorkovanje vode na izvoru
Golubinka (foto T. Frangen)
Water sampling at the Golubin-
ka coastal spring (photo by T.
Frangen)
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Lavoil za mineralne sirovine

Department of Mineral Resources

Predstojnica Zavoda / Head of Department; dr. sc. Nikolina ILIJANIC
tel.: 358 1 6160 745

fax.: 3851 6144 716

e-mail: nikolina.ilijanic@ngi-cgs.hr

IstraZivacku i stru¢nu djelatnost u Zavodu za mineralne sirovine
provodi Sest znanstvenika, Sest stru¢njaka, asistentica te tajnica.
Idu¢e godine zaposlit ¢e se asistent/ica u sklopu uspostavnog
istrazivackog projekta HRZZ-a UNLOCK-CAVE, koji je zapoceo
2022. godine. Projekt oznacava sluzbeni pocetak kvartarnih pa-
leoklimatskih istrazivanja koristenjem siga u HGI-CGS-u. Vaznost
projekta je u tome Sto ¢e omogucditi uspostavu laboratorija po-
trebnog za izvodenje takvih istrazivanja u Hrvatskoj, specijalizi-
ranog za uzorkovanje uzoraka iz siga i pripremu uzoraka za U-Th
datiranje.

IstraZivanja u podrucju marinske geologije provode se kroz pro-
jekt Kartiranje obalnih i pridnenih morskih stanista u obalnom
moru RH i u hrvatskom epikontinentalnom pojasu (2022.-2023)),

B pareatabd ceolobilng |

b

Research activities at the department are carried out by six sci-
entists, six experts, an assistant and a secretary. In 2022, a PhD
student will join the team as part of the UNLOCK-CAVE installa-
tion project, funded by the Croatian Science Fund. This project
marks the official start of Quaternary palaeoclimatic research us-
ing speleothems at HGI-CGS. The project is of significant impor-
tance because it will facilitate establishing a laboratory specialis-
ing in speleothem sub-sampling and preparation of samples for
U-Th dating, which is crucial for conducting such research in
Croatia.

Marine geology research is being conducted through the Map-
ping of Coastal and Seabed Marine Habitats project in the Croa-
tian coastal sea and Croatian epicontinental belt (2022-2023),

e
— —

Brod ,Raci¢” na kojem je postavljena geofizicka oprema za snimanje podmorja za potrebe projekta Kartiranje obalnih i podmorskih morskih stanista u

Jadranskom moru

The ship ‘Raci¢’ was equipped with geophysical equipment for underwater imaging for the Mapping of Coastal and Underwater Marine Habitats project in the

Adriatic Sea
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Panoramski dubinomjer C-Max C2 na brodu tijekom geofizickog snimanja u
Kornatskom kanalu

The side-scan sonar GMax C2 used for surveying in the Kornati Channel on a
boat

kojem je investitor MINGOR. Kroz ovaj ¢e se dvogodisnji projekt
izraditi karta stanista za najmanje 51% povrsine morskih stanista
za hrvatski dio Jadranskog mora. Konzorcijsku zajednicu pred-
vodi poduzece Oikon d.0.0., a osim HGI-CGS-a ukljucuni su i In-
stitut za oceanografiju i ribarstvo, Geodetski fakultet i Institut
Ruder Boskovi¢. Za vecinu terenskih radova koji su se provodili
na Sirem podrugju otoka Zirja i Dugog otoka, NP Kornati i Loginj-
skog kanala, koristeni su novi panoramski dubinomjer (C-Max
C2), kao i visesnopni (WASSP S3) i geoloski dubinomjer (Innomar
Compact). Povrsinsko uzorkovanje sedimenata pomocu Van Ve-
en grabila obavljeno je za karakterizaciju sedimenata morskog
dna. Ukupno je geofizickim metodama istrazeno oko 1.150 km?,
U sklopu HRZZ projekta QMAD poduzorkovane su i analizirane
jezgre sedimenata iz Kornatskog kanala, uvale Telas¢ica i pod-
ru¢ja oko otoka Zlarina, u svrhu rekonstrukcije paleookolisa tije-
kom kasnog pleistocena i holocena. Marinska istraZivanja bila su
provodena i kroz projekt EMODNET-Geologija 5. Nastavljena je
suradnja s Hrvatskim hidrografskim institutom u obradi geolos-
kih profila snimljenih geolo$ko-strukturnim dubinomjerom u
istrazivanju podrucja plinskih polja sjevernog Jadrana. Podvod-
na geofizicka istrazivanja geoloskim dubinomjerom obavljena
su na jezeru u Proloskom blatu, Bacinskim jezerima (Sladinac i
CrniSevo) i NP Plitvicka jezera (Kozjak).

Na istrazivanje mineralnih resursa znacajno se odrazilo gospo-
darsko stanje u 2022. godini, koje je bilo lose kao posljedica pan-
demije koronavirusa. U okviru industrije opekarske gline izrade-
no je novo istrazivanje rezervi ciglarske gline za eksploatacijsko
polje Grabovac kod Bakova (Wienerberger). Uzorci tla iz Vrlickog
polja i povrsinski uzorci iz prijasnjeg eksploatacijskog polja gip-
sa Vranjkovici istraZeni su u usporedbi s podacima Europske sve-
mirske agencije, odnosno multispektralnim satelitskim snimka-

CROATIAN GEOLOGICAL SURVEY

funded by MINGOR. This two-year project aims to create a com-
prehensive habitat map for at least 51% of the seabed habitats in
the Croatian part of the Adriatic Sea. The consortium, led by Oikon,
includes HGI-CGS, IOR, the Faculty of Geodesy and IRB. The pro-
ject utilises newly purchased side-scan sonar (GMax C2), multi-
beam sonar (WASSP S3) and sub-bottom profiler Innomar Com-
pact) for fieldwork in the wider area of the Zirje Island, Dugi otok,
NP Kornati and Losinj Channel. Surface sediment samples were
collected using the Van Veen grab as ground-truth samples for
geophysical research and seabed sediment characterisation. The
geophysical methods were employed to survey a total of ap-
proximately 1150 km? of the sea surface. Additionally, the HRZZ
project OMAD facilitated the sub-sampling and analysis of sedi-
ment cores from the Kornati channel, Telad¢ica Bay and near Zla-
rin Island for palaeoenvironmental reconstruction during the Late
Pleistocene and Holocene. The department was also involved in
the EMODNET-Geology 5 project, which collaborated with the
Croatian Hydrographic Institute to process geological profiles re-
corded with a sub-bottom profiler while exploring gas fields in
the Northern Adriatic. Furthermore, geophysical underwater re-
search was conducted in the lakes of Prolosko Blato, Bacina lakes
(Sladinac and Crnisevo) and NP Plitvicka jezera (Kozjak).

The investigation of mineral resources was significantly impacted
by the economic downturn in 2022 owing to the coronavirus
pandemic. A new study of the brick clay reserves for the exploi-
tation field Grabovac near Bakovo (Wienerberger) was conduct-
ed as part of the brick clay industry. Soil samples from Vrlicko pole
and ore samples from surface sampling in the former exploita-
tion field of gypsum from Vranjkovici were investigated and com-
pared to the ESA data, i.e. multispectral satellite-derived imagery

Odasiljac geoloskog dubinomjera (Innomar Compact) s GPS antenom, post-
avljen na donji dio nosaca na motorno plovilo u jezeru u Proloskom blatu
The sub-bottom profiler (Innomar Compact) transducer and a GPS antenna
mounted on a rubber vessel for lake surveys in Prolosko Blato
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0
Shjed sedimenata (do 15 m)

-
A

Interpretacija geofizickog profila iz jezera Kozjak u NP Plitvicka jezera (profil oznacen crvenom linijom na karti), snimljenog geoloskim dubinomjerom (In-

nomar Compact)

A geophysical profile in Lake Kozjak, NP Plitvice Lakes (marked with a red line on the map), interpreted from surveys conducted using the sub-bottom profiler (In-

nomar Compact)

ma programa Copernicus, $to je tema doktorskog rada N.
Gizdavca. Potreba za sustavnim i objedinjenim istraZivanjem
mineralnih sirovina u Europi dovela je do uspostave projekta
Geoloska sluzba za Europu (GSEU), gdje je zavod uklju¢en u WP2
posvec¢en mineralnim sirovinama, uz WP5 posvecen marinskoj
geologiji. Izrada karata mineralnih sirovina i geoloskog potenci-
jala uiducoj godini bit ¢e usmjerena na Karlovacku Zupaniju.

of the Copernicus programme, which is the topic of N. Gizdavec's
doctoral thesis. The need for systematised and unified minerals
research in Europe led to the establishment of the GSEU project,
in which the department is involved in WP2, dedicated to min-
eral resources and WP5 on marine geology. The department will
focus on the production of mineral resource maps in Karlovac
County in the next year.

LeZiste gipsa Vranjkovici kod Vrlike
The gypsum deposit in Vranjkovici, near
Vrlika
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Geoloska sluzha
Geological Survey

Voditelj sluzbe / Head of the survey: dr. sc. Slohodan MIKO

Osnovni poslovi Geoloske sluzba (GS) su prikupljanje i obrada
podataka geoloskih istraZivanja koja provode zaposlenici HGI-
CGS-a te podataka koji se HGI-CGS-u dostavljaju na temelju
Zakona o rudarstvu, Zakona o istrazivanju i eksploataciji uglji-
kovodika i geotermalnih voda i Zakona o geoloskim istraZiva-
njima. Kako bi GS bila funkcionalna i u skladu s vremenom u
kojem Zivimo, posljednje se Cetiri godine kontinuirano obnav-
ljala IT infrastruktura, dijelom i iz proracunskih sredstava dobi-
venih za rad GS. Provodile su se uobicajene aktivnosti vezane
zaradne sastanke EGS-a. GS je aktivno su sudjelovala u pripre-
mi geoloskih podataka za Seizmolosku sluzbu pri Geofizickom
odsjeku PMF-a koja provodi projekt CROSSNET u okviru Naci-
onalnog plana oporavka i otpornosti (NPOO). Podatci priku-
pljeni mjerenjima unaprijedene seizmoloske mreze RH pomo-
¢i ¢e u kartiranju aktivnih rasjeda koja HGI-CGS provodi u
sklopu GS-a. GS je 1. rujna 2022. u suradniji sa 48 institucija za-
pocela provedbu EU Obzor Europa
projekta ,Geoloske sluzbe za Euro-

pu” (GSEU), koji ¢e izravno podrzati
viziju ,Europskog zelenog plana®, fo-
kusirajuci se na Zemlju i resurse is-

pod njezine povrine - energiju, vo-

du i mineralne sirovine. Klju¢ni cilj .
projekta GSEU je razviti i uciniti traj-

no dostupnim paneuropsku infra-
strukturu geoloskih podataka i po-
vezane informacijske usluge za
odrZivo i sigurno koristenje resursa
naseg podzemlja.

Tijekom 2023. nastavit ¢e se izrada ||
plana provedbe projekata za moder-
nizaciju GS kroz Hrvatsku platformu

za smanjenje rizika od katastrofa talisation

CROATIAN GEOLOGICAL SURVEY

Dio arhivske grade i katastarskih listova koji se digitaliziraju
Part of the archival material and cadastral sheets under digi-

The Geological Survey (GS) is responsible for accumulating and pro-
cessing data from geological investigations conducted by HGI-CGS
employees, as well as data submitted to HGI-CGS based on the Min-
ing Act, Act on Exploration and Exploitation of Hydrocarbons and
Geothermal Waters and the Law on Geological Research. To keep
up with modern technologies, the IT infrastructure of GS has been
continuously renewed for the last 4 years, partly funded by the budg-
et.Regular activities related to EGS working meetings were performed
as well. Additionally, GS actively participated in preparing geological
data for the Seismological Survey at the Department of Physics at
the Faculty of Science (PMF), which implements the CROSSNET pro-
ject within the framework of the National Recovery and Resilience
Plan (NPOQ). The data collected by the improved seismological net-
work of the Republic of Croatia will aid in mapping active faults,
which HGI-CGS is conducting as part of the GS. On September 1,
2022, GS began implementing the EU Horizon Europe project ‘GSEU'
in collaboration with 48 institutions. This
project aims to directly support the 'Eu-
ropean Green Deal' vision by focussing
on the Earth and its underground re-
sources, such as energy, water and min-
eral raw materials. The primary goal of
the GSEU project is to develop and
make a pan-European geological data
infrastructure and related information
services available permanently for the
sustainable and safe use of under-
ground resources.

In 2023, the preparation of the imple-
mentation plan for the modernisation
of GS will continue through the Croatian
Platform for Disaster Risk Reduction (HP-
SRK), with the support of the Civil Pro-
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Geoloska karta List Zagreb izarhiva mjerila 1:150.000 (Geoloska karta okolice
Zagreba, autori M. Herak i D. Nedela)

Geological map, sheet Zagreb, from the archives, scale 1:150,000 (Geological
map of the Zagreb surroundings, authors M. Herak and D. Nedela)

(HPSRK) uz potporu Ravnateljstva civilne zastite Ministarstva
unutradnjih poslova i Seizmoloske sluzbe RH kroz suradnju ve-
zanu za rizike od potresa i klizista. U tu svrhu modernizacija
GS-a uvrstena je kao aktivnost za provodenje Strategije uprav-
ljanja rizicima od katastrofa do 2030. kroz shemu za istraZivanja
seizmickog djelovanja, uklju¢ujudi i centar za protupotresno
inZenjerstvo. Financiranje navedenih aktivnosti planirano je
kroz program NPOO. U navedenoj je strategiji prepoznata nuz-
nost suradnje GeoloSke i Seizmoloske sluzbe RH kako bi ta istra-
Zivanja bila uskladena. Neophodna je uspostava sistematskih
seizmotektonskih istraZivanja na podruéju RH, u sklopu kojih
bi se radilo na metodologiji za procjenu aktivnosti rasjednih
zona i njihovoj parametrizaciji, uspostavi kataloga aktivnih ra-
sjeda na prostoru RH, pa i uspostavi infrastrukture za dugoro¢-
no pracenje aktivnih rasjednih zona.

tection Directorate of the Ministry of the Interior and the Seismo-
logical Survey of the Republic of Croatia through cooperation
related to the risks of earthquakes and landslides. To this end, mod-
emising GS is included as an activity for implementing the Disaster
Risk Management Strategy until 2030, which involves investigating
seismic activity, including establishing a centre for earthquake engi-
neering research. The financing of these activities is planned through
the NPOO programme. The aforementioned strategy recognises the
necessity of cooperation between the Geological and Seismologi-
cal Surveys of the Republic of Croatia to harmonise these investiga-
tions. It is crucial to establish systematic seismotectonic research in
the territory of the Republic of Croatia. The work will focus on the
methodology for assessing the activity of fault zones and their pa-
rameterisation, creating a catalogue of active faults in the Republic
of Croatia and establishing infrastructure for long-term monitoring
of active fault zones.

Jezgreiz srednjovjekovnog lukobrana Kase u Dubrovniku pohranjene u GS-u
The GS stores cores from the medieval Kasa breakwater in Dubrovnik

HRVATSKI GEOLOSKI INSTITUT



Infrastruktura
Infrastructure

Autori / Authors: Ana GAIC JANKOVIG, dr. sc. Iris BOSTJANCIC, Tea FLUKSI, dr. sc. 0zren HASAN, Jasminka MARTINJAK

Znanstvena infrastruktura HGI-CGS-a se svake godine obnavlja
i nadograduje iz vlastitih sredstava te raznih projekata, ali i pla-
nira kroz prijavu dokumentacije izradene u sklopu projekta ob-
nove infrastrukture i nabave instrumenata - Geoznanstveni la-
boratoriji (GEOLAB) na prvi odgovarajuci poziv Strukturnih
fondova EU, vjerojatno tijekom 2023.godine. Uvid u postojecu
opremu moguc je na poveznici https://sestar.irb.hr/.

Zavod za geologiju nastavio je nado-
gradivati informaticku opremu i racu-
nalne programe u svrhu poboljSanja
znanstvenog rada s 9 stolnih i 4 prije-
nosna racunala. Nabavljeni su i progra-
mi za prikupljanje, obradu i vizualizaci-
jupodataka sonara te uredaj za tredenje
sita sa setom sita. Kao dodatak mikro-
skopu, kupljena je Teledyne Lumenera
kamera s pripadaju¢im Microvisioneer
WSI programskim paketom i licencama.
Zalaboratorijske svrhe nabavljena je no-
va mufolna pe¢ te kompresor.

Laboratorij Zavoda za geologiju je u
2022. obavio ukupno 2.382 priprema
uzoraka, od ¢ega 2.086 priprema mikro-
skopskih preparata, granulometrijskih
analiza s areometriranjem, separacije
teske i lake mineralne frakcije, slemanja,
rezanja i poliranja plocica te drobljenja
i mljevenja uzorka te 296 priprema za
mikropaleontoloske analize (palinolo-
gija, nanoplankton i radiolarije). Prove-
deno je 959 analiza, od ¢ega na rend-
genskom difraktometru 142

CROATIAN GEOLOGICAL SURVEY

Uredaj za treSenje sita AS200 control sa setom sita
proizvodaca Retsch (foto: A. Cai¢ Jankovi¢)

Sieve shaker AS200 control with a set of sieves manufac-
tured by Retsch (photo: A. Cai¢ Jankovic)

The scientific infrastructure of HGI-CGS is renewed and upgraded
every year using its funds and through various projects. The docu-
mentation prepared as part of the GEOLAB project, which focused
on infrastructure renewal and instrument procurement, will be
used for future applications for EU Structural Funds. Interested in-
dividuals can view the existing equipment by visiting the link
https.//sestar.irb.hr/.

The Department of Geology continually
upgraded its IT equipment and comput-
er programs, acquiring nine desktop and
four laptop computers, sonar data collec-
tion, processing and visualisation pro-
grammes and a sieve shaker with a set of
sieves for improving scientific research. A
Teledyne Lumenera camera with associ-
ated Microvisioneer WSI software, a new
muffle furnace and a compressor were
also purchased for laboratory use.

In 2022, the laboratory of the Department
of Geology prepared a total of 2,382 sam-
ples, including 2,086 preparations of thin
sections, grain size analyses, separation of
heavy and light mineral fractions, micro-
and macrofauna analyses, cutting and
polishing of tile samples, sample crushing
and grinding and 296 preparations for mi-
cropalaeontological analyses. Addition-
ally, 959 analyses were conducted, includ-
ing 142 semiquantitative analyses on an
X-ray diffractometer, 493 analyses of clay
minerals and 108 calcimetry analyses, as
well as other analyses like grain size anal-

ANNUAL REPORT 2022

21

m
F
[5)
<
L
o
z
<
m
x
w
o
s
3
z
z
o
E
<
Q
z
<
@
x
o
)]
L]
&)



https://sestar.irb.hr/

u
(=
z
u
2
2

>0
u
¥
2
5]
[
[
<
=
o
<
N
z
<
o]
[
o

u]
I

GODSNJE I1ZVJESCEE 2022.

Teledyne Lumenera kamera s pripadaju¢im Microvisioneer WSI program-
skim paketom i licencama koja se koristi za mikrofotografiranje dijelova i
skeniranje cijelih mikroskopskih preparata. (foto: V. Br¢ic)

Teledyne Lumenera camera with associated Microvisioneer WSI software pack-
age and licences used for microphotographs of parts and scanning of the thin
microscopic sections (photo: V. Br¢ic)

semikvantitativne analize te 493 analize minerala glina, 108 ana-
liza kalcimetrije te znacajan broj drugih analiza (granulometrij-
skih analiza na laserskom difraktometru, odredivanja Zeljeza iz
sirove rude, SiO,, kapaciteta zamjene iona, pH i Eh i organske
tvari te bojanja preparata).

ZnacCajne investicije Zavoda za mineralne sirovine bile se usmje-
rene u razvoj marinskih i paleolimnoloskih daljinskih istraZiva-
nja, za koja je nabavljen dvofrekventni panoramski dubinomjer
C-Max C2 s vitlom i 300 m kabela, program SonarWiz, i RTK GN-
SS GPS Trimble BX992. Sa Zavodom za hidrogeologiju i inZenjer-
sku geologiju (ZHGIG)kupljen je uredaj za mjerenje brzine zvu-
ka, dubine i saliniteta Valeport SWIFT CTD.

Zaistrazivanje spiljskih siga kao arhiva klimatskih promjena na-
bavljena je pila za sige, kiSomjer i automatski mjeraci. Sa ZHGIG
kupljeni su uredaj za destiliranje i deioniziranje vode PURELAB
flex 3 i GPS totalna stanica KOLIDA K3 IMU.

Provedeno je 1.557 analiza ugljika i dusika u tlu, a na rendgen-
skom difraktometru izradene su 203 mineraloske analize. Laser-
ski difraktometar koristen je za granulometrijske analize 260

yses using a laser diffractometer, determination of iron from raw
ore, Si0,, ion exchange capacity, pH and Eh, organic substances
and preparation colouring.

The department for Mineral Resources invested significantly in de-
veloping marine and palaeclimnological remote sensing-based
surveys, acquiring a dual-frequency side-scan sonar GMax C2 with
winch and 300 m cable, SonarWiz programme and RTK GNSS GPS
Trimble BX992. Additionally, in collaboration with the Department
of Hydrogeology and Engineering Geology (ZHGIG), SWIFT CTD,
a device for measuring the speed of sound, depth and salinity Va-
leport, was also purchased.

The saw for cutting speleothem samples, rain gauge and various
automatic gauges were acquired for studying speleothems as an
archive of climate change. The Water Purification Systems PURELAB

Panoramski dubinomjer C-Max C2 u radu (foto: O. Hasan)
Side-scan sonar G:Max C2 in operation (photo: O. Hasan)

HRVATSKI GEOLOSKI INSTITUT



Mjerenje brzine zvuka, dubine i saliniteta u moru sondom Valeport SWIFT
CTD (foto: O. Hasan)

Measurement of the speed of sound, depth and salinity in the sea using the Va-
leport SWIFT CTD probe (photo: O. Hasan)

uzoraka sedimenata. U pripremnom laboratoriju je tijekom go-
dine obradeno 35 m jezgara.

Snimljena je batimetrija, povratno rasprienje signala dna i so-
narski mozaik dna akvatorija Zirja, Kornata, Sita, Ista, Zuta, Du-
gog otoka i Losinjskog kanala, ¢ime je pokriveno vise od 1.150
km? podmorja.

Snimanje ogolina terestrickim laser-
skim skenerom Trimble X7, sredinja
Istra (foto: I. Bostjancic)

Surveying of the badlands with a
Trimble X7 terrestrial laser scanner,
central Istria (photo: I. Bostjanci¢)

CROATIAN GEOLOGICAL SURVEY

flex 3 and the GPS total station KOLIDA K3 IMU were also purchased
in cooperation with ZHGIG.

Next, 1,557 soil samples were analysed for carbon and nitrogen,
and 203 mineralogical samples were analysed using an X-ray dif-
fractometer. The grain size of 260 sediment samples was analysed
using a laser diffraction particle size analyser. Additionally, 35 me-
tres of cores were treated in the preparatory laboratory during the
year.

Bathymetry, multibeam backscattering of the bottom signal and
sonar mosaic of the seabed were recorded for the Zirje, Kornati,
Sita, Ist, Zut, Dugi Otok islands and the Losinj Channel, covering an
area of more than 1,150 km?.

ZHGIG drones (eBee Plus, Trinity F90+ and Matrice 300) were used
to cover approximately 50 km? of the study area. The drones were
used for the RESPONSa and HyTheC projects, investigating col-
lapsed sinkholes in the Mecencani area and monitoring badlands
in Istria. A terrestrial laser scanner was also used. Additionally, the
Trosenj fortress and part of the island of Man were photographed
using a Phantom 4A drone, and the ShapeMetriX3D / Fragmenter
system was used for analysis.

For the HyTheC project, the geophysical methods MASW (6 cross-
sections totalling 288 m) and HVSR were used at six locations. Ad-
ditionally, 40 cross-sections totalling 12,356 m were recorded using
electric tomography for scientific research and investigation. Mag-
neto-telluric studies were also conducted.
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Bespilotnim letjelicama ZHGIG-a (eBee Plus, Tri-
nity F90+ i Matrice 300) snimljena je povrsina
~50 km?Z, Snimanja su provedena u sklopu pro-
jekata RESPONSa i HyTheC, istraZivanja urusnih
vrta¢a u Mecencanima te monitoringa ogolina
ulstri, gdje je koriSten i terestricki laserski skener.
Utvrda Trodenj i dio otoka Mana shimljeni su bes-
pilotnom letjelicom Phantom 4A, a analiza je
provedena koristenjem sustava ShapeMetriX3D
/ Fragmenter.

Za potrebe projekta HyTheC koristene su geofi-
zicke metode MASW (6 profila ukupne duljine
288 m) i HVSR na 6 lokacija. U okviru znanstve-
nih istraZivanja i istraznih radova, elektricnom
tomografijom je snimljeno 40 profila ukupne
duljine 12.356 m, a provedena su i magnetote-
lurska istrazivanja.

U hidrokemijskom laboratoriju ZHGIG-a je u sklopu projekata
UNLOCK-CAVE, DEEPWATER-CE, boDEREC-CE, MUHA, HyTheC i
UKV analizirano 300 uzoraka na ionskom kromatografu, 384 na
analizatoru stabilnih izotopa te 150 na TOC analizatoru. Isti ureda-
jisukoristeni za potrebe projekata RER7013, MameBio i TRANITAL,
za analizu ukupno 824 uzoraka, a Ciji su rezultati objavljeni u 8
znanstvenih radova. Na-fluorescein odreden je na 124 uzoraka.

Vecina rezultata provedenih snimanja i analiza koristit Ce se za
znanstveno publiciranje i doktorske disertacije, a manji dio za
stru¢ne publikacije.

Tijekom 2022. g. u bazu podataka Arhiva HGI-CGS-a unesena
su 82 nova izvjestaja. Do sada je skenirano 7.325 izvjestaja. Za
skeniranje je preostalo jo$ 8.450 izvjestaja, medutim neki vise
nisu dostupni te je broj vjerojatno manji.

U 2022. g. Knjiznica HGI-CGS-a nastavila je s pruzanjem usluga
pronalaZenja literature i informativnih usluga svojim korisnicima,
nabavom grade, kupovinom nove te razmjenom sa ¢asopisom
Geologia Croatica koji je ponovo izasao u tri redovita broja po-
slana na adrese partnera s kojima razmjenjujemo ¢asopise. Ske-
nirano je 148 separata te nabavljeno 26 knjiga i 186 sveicica ¢a-
sopisa, a trazena literatura se sve vise koristi u digitalnom obliku.
Uz nabavljenu literaturu, korisnici su iskazali potrebu i za litera-
turom koju smo meduknjizniénom posudbom dobili od Nacio-
nalne sveucilidne knjiznice te knjiznica srodnih fakulteta.

Snimanje bespilotnom letjelicom DJI Matrice 300 RTK, pilot poligon u Kutini (foto: T. Frangen)
Recording of a test site in Kutina with a DJI Matrice 300 RTK drone (photo: T. Frangen)

In the hydrochemical laboratory of ZHGIG, 300 samples were ana-
lysed using an ion chromatograph, 384 on a stable isotope ana-
lyserand 150 on a TOC analyser as part of the UNLOCK-CAVE, DEEP-
WATER-CE, boDEREG-CE, MUHA, HyTheC and UKV projects. The
same devices were used for the RER7013, MameBio and TRANITAL
projects, analysing 824 samples. The results of these analyses were
published in eight scientific papers. Additionally, fluorescein so-
dium was determined for 124 samples.

Most of the results of the recordings and analyses will be used for

scientific publishing and the preparation of doctoral dissertations,
while a smaller portion will be used for professional publications.
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Program geoloskih
iarata
Geological mapping

Programme

Dinoflagelata Galeacysta etruscana gornjopanonske starosti iz Dravskog bazena snimljena SEM-om (foto V. Baranyi)
Galeacysta etruscana dinoflagellate from Upper Pontian of the Drava Basin recorded by SEM (photo by V. Baranyi)
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Program geoloSkih karata

Geological Mapping Programme

Autori / Authors: dr. sc. Slobodan MIKO, Nikolav GI{DAVEC, dr. sc. Ozren HASAN, dr. sc. Tvrtko KORBAR,
dr. sc. Davor POLLAK, dr. sc. Ajka SORSA, dr. sc. Josip TERZIC

hitps://www.hgi-cgs.hr/program-geoloskin-karata/

Program izrade geoloskih karata temelji se na suvremenim do-
sezima raznih geoloskih disciplina. Istrazivanje drzavnog teri-
torija kroz izradu niza tematskih geoloskih karata usporeno je
zbog neadekvatnog financiranja. Veci dio programa provodi
se na ograni¢enom prostoru RH i ovisi prvenstveno o financi-
ranju putem razli¢itih projekata.

Izrada Osnovne geoloske kate (OGK) u mjerilu 1:50.000 ve¢im
se dijelom provodi kroz aktivnosti vezane za programsko finan-
ciranje Ministarstva znanosti i obrazovanja (MZO) te nacionalnih
parkova (Plitvicka jezera, Kornati) i parkova prirode (Biokovo).

Aktivnosti na Osnovnoj geokemijskoj karti (OGkK) uglav-

AR, e R
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TUMAC ZA POZESKU GORL - Jip HALAMUC | Mithn BELAK

Naslovnica Tumaca za Pozesku goru, OGK RH u mjerilu 1:50.000

Cover of the Explanatory Notes for the PoZeska Gora Mt, OGK of the Republic of Croatia, scale 1:50,000

The geological mapping programme is based on modern achieve-
ments in various geological disciplines. However, owing to inad-
equate funding, the investigation of the entire territory of the
country through the production of a series of thematic geological
maps has been slowed down. Therefore, the programme is most-
ly carried out in a limited area of Croatia, primarily depending on
financing through various projects.

The production of the Basic Geological Map (OGK) of the Re-
public of Croatia at a scale of 1:50,000 is mainly performed through
activities related to programme financing by the Ministry of Sci-
ence and Education (MZO), NPs (Plitvice Lakes, Kornatilslands) and
nature parks (Biokovo Mt).

The activities performed on the Ba-
sic Geochemical Map (OGkK)
were mainly related to projects fi-
nanced through EU funds.

KARTARILFUBLIEE HRVATELR _-
1 o)

Thirteen researchers participated in
the work on the Basic Hydrogeo-
logical Map (OHGK), with 10 oc-
cupying scientific positions and
three in professional positions. Ad-
ditionally, several technicians and
other co-workers working directly
on other projects participated in the
activities on this project. Individual
researchers traditionally focus on
one of the natural regions of the Re-
public of Croatia (RH): Dinaric karst
and the Pannonian basin, where the
research approach differs consider-
ably. As part of the OHGK, geother-
mal and hydrothermal resources of

HRVATSKI GEOLOSKI INSTITUT



U TR e

] B B AT A

Slika OGK RH ,Park Prirode Biokovo” M 1: 50 000 (FUCEK et al., 2022)
Image of the OGK RH 'Biokovo Nature Park, scale 1: 50,000 (FUCEK et al,, 2022)

nom su bile vezane uz projekte financirane kroz EU fondove.

U radu na Osnovnoj hidrogeoloskoj karti (OHGK) sudjelo-
valo 13 istrazivaca, od Cega desetero na znanstvenim radnim
mjestima, te troje na stru¢nim. U radu na ovom projektu sudje-
lovalo je i vise tehnicara, te kolega zaposlenih izravno na osta-
lim projektima. Tradicionalno, pojedini istrazivaci ve¢im su di-
jelom orijentirani na jednu od prirodnih cjelina Republike
Hrvatske (RH): kr$ke Dinaride i Panonski bazen. Pristup istrazi-
vanjima u ovim cjelinama u znatnoj se mjeri razlikuje. U sklopu
OHGK istrazivana su geotermalna i hidrotermalna bogatstva
RH, bududi da se ta istrazivanja u velikoj mjeri mogu povezati
sistrazivanjima podzemnih voda opcenito. Sustavni rad na os-
novnim kartama i dalje ne postoji, te se sudjelovanjem u broj-
nim projektima drugih vrsta prikupljaju znanja, iskustva i po-
datci koje Ce se u slu¢aju povoljnog razvoja dogadaj moci
uklopiti u OHGK. Paralelno se tako dobiveni podatci i znanja

CROATIAN GEOLOGICAL SURVEY

the Republic of Croatia were investigated since these investiga-
tions can be connected to underground water research in gen-
eral. Systematic work on basic geological maps is not yet available,
but knowledge, experience and data are accumulated through
participation in numerous projects of other types. If the project is
financed, this data will be incorporated into the OHGK. Simultane-
ously, the data and knowledge thus obtained are published in
scientific publications of various kinds, with an emphasis on sci-
entific papers in relevant databases. Four doctoral dissertations
are being prepared, and our team-mate Karlovi¢, employed di-
rectly on the HRZZ project, completed his doctorate during the
year. His work is hydrogeological, and its results will be incorpo-
rated into OHGK if the project is financed. Another doctoral dis-
sertation is expected to be defended in 2023.

The activities concerning the Basic Engineering Geological Map
(OIGK) were based on collecting and storing data on the charac-
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objavljuju u znanstvenim publikacijama raznih vrsta, s nagla-
skom na znanstvene radove u relevantnim bazama podataka.
Izraduju se Cetiri doktorske disertacije, a kolega Karlovi¢ koji je
bio zaposlen izravno na HRZZ projektu doktorirao je tijekom
godine. Njegov je rad hidrogeoloski, te Ce se rezultati njegove
disertacije uklopiti u OHGK, ukoliko projekt bude financiran. U
2023. ocekuje se obrana jos jedne doktorske disertacije.

Aktivnosti Osnovne inzenjerskogeoloske karte (OIGK) su
bile bazirane na prikupljanju i pohrani podataka o karakteri-
sticnim i specifi¢nim inZenjerskogeoloskim znacajkama jedini-
ca i kompleksa na podrugju cijele drzave. Takoder, ekspertni
tim OIGK i dalje prikuplja i pohranjuje podatke o geohazardnim
procesima i pojavama te kontinuirano nadopunjuje katastar
klizista koji je javno dostupan na mreznom portalu ,Prijavi kli-
ziSte” (https://www.hgi-cgs.hr/prijava-klizista/). Po prijavama
gradana tijekom 2022. godine sustavno je obavljana prospek-
cija/verifikacija novoaktiviranih klizista za koja su izradeni krat-
kiizvjestaji s misljenjem. Eksperti ove istrazivacke grupe sudje-
lovali su u izradi IzvjeS¢a o stanju okolisa RH (razdoblje
2017.-2020.) s prikupljenim podatcima i analizama klizista akti-
viranih u tom periodu.

Karta mineralnih sirovina je u 2022. godini bila fokusirana na
izradu baze podataka i potencijalnost Karlovacke Zupanije dok
je geolosko kartiranje podmorja bilo vezano za podrucje Du-
gog otoka i Nacionalnog parka Kornati.

Rekristalizirani vapnenci novootkrivene
formacije Bodlis (anizik) (velika slika) s
provodnom konodontnom faunom
(mala slika - 1, 3: Ramiform conodont
elements, 2: Priscopedatus bartensteini
(Deflandre-Rigaud), 4-6: Paragondolella
bifurcata Budurov & Stefanov. Mjerilo
100 pm za sl. 1-3i 200 um za sl. 4-6)

Recrystallised limestones of the newly
discovered Bodlis Formation (Anisian)
(large photo) with index conodont fauna
(small image - 1, 3: Ramiform conodont
elements, 2: Priscopedatus bartensteini
(Deflandre-Rigaud), 4-6: Paragondolella
bifurcata Budurov & Stefanov. Scale 100
um for Fig. 1-3 and 200 um for Fig. 4-6)

teristics and specific engineering geological characteristics of units
and complexes throughout the country. Additionally, the OIGK
expert team continues to collect and store data on geohazard
processes and phenomena and continuously updates the cadas-
tre of landslides, which is publicly available on the website ‘Report
a landslide’ (https://www.hgi-cgs.hr/prijava-klizista/). Based on
citizen reports, reconnaissance/verification of newly activated
landslides was systematically carried out in 2022, for which short
reports with opinions were prepared. The experts of this research
team participated in creating the Strategic Environmental Assess-
ment Report for the Republic of Croatia (period 2017-2020) with
collected data and analyses of landslides activated during that
period.

The focus of the Map of Mineral Resources in 2022 was on cre-
ating a database and assessing the mineral resource potential of
Karlovac County. Additionally, geological seabed mapping was
carried out on the Dugi Otok Island and the Kornati National Park.

Explanatory Notes for the Basic geological map (OGK) of the
Pozeska Gora Mt and the OGK of the Biokovo Nature Park were
published in 2022.

The making of the OGK of the Republic of Croatia, scale 1:50,000,
began in the area of the Pozeska Gora Mt in the second half of the
1980s. Despite shorter or longer periods when the research was
interrupted, most of the fieldwork was completed in 2001. Owing
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Tijekom 2022. godine izdan je tumac za Osnovnu geolosku
katu (OGK) Pozeske gore te OGK podru¢ja Parka prirode Bio-
kovo.

Izrada OGK Republike Hrvatske u mjerilu 1:50.000 u sklopu pro-
jekta ,Slavonija” zapocela je na podrugju Pozeske gore u dru-
goj polovici osamdesetih godina proslog stoljeca. Uz kraca ili
duZza razdoblja prekida istraZivanja, vecina terenskih radova
zavr$ena je 2001. godine. Zbog prestanka financiranja projek-
ta izrade geoloskih karata RH od strane MZO 2013. godine, za-
vréna reambulacija terena napravljena je tek tijekom 2018. go-
dine. Finalnu geolosku kartu podrucja PozeSke gore M 1:50.000
HGI-CGS je zavrsio i objavio 2019. godine (HALAMIC i dr,, 2019).
Vec tijekom izrade geoloske karte poceo je rad na izradi i fina-
lizaciji Tumaca za PoZesku goru, koji je izdan 2022. godine.

U Tumacu za Pozesku goru opisane su dvadeset i dvije lito-
stratigrafske jedinice, 18 formacija i 4 ¢lana, te pet nekonformi-
tetima ogranicenih jedinica u kvartaru. Sve izdvojene jedinice
s prekidima pokrivaju vremenski raspon od donjeg trijasa do
kvartara. lzdvojene su sljedece formacije: Sulkovci (SUL)-d. tri-
jas, Bodlis (BOD)-anizik, Gradski Vrhovci (GVR)-santon, Luke po-
tok (LP)-? santon-g. mastriht, Bzenicki potok (BZP)-g. santon-g.
mastriht, Blacko (BLA)-mastriht, Vidovci (VID)-mastriht - pale-
ogen (stariji eocen), Kozijak (KOZ) - d.-sr. oligocen, Skrabutnik
(SKR) - eocen, Daranovci (DAR) - otnang-karpat, Glavnica (GLA)
- otnang?-karpat-d. baden, Vejalnica (VEJ) - g. karpat-baden,
Vrapce (VRA) - sr. do g. baden, Dolje (DOLJ) - sarmat, Croatica
(CRO) - d. panon, Medvedski Breg (MEB) - sr.-g. panon, Nova
Gradiska (NGR) - g. panon, Vrbova (VRV) - pliocen. Formacija
Blacko ima tri ¢lana: O3tro brdo (Obr), Mirkovica (Mir), a u for-
maciju Vejalnica ukljucen je ¢lan Crnka (Crn). Nekonformitetima
ogranicene jedinice su kvartarne starosti, a izdvojeni su sljede-
¢ilitofacijesi: sedimenti nalik lesu (snl), deluvijalno-proluvijalne
naslage (dpr), eluvijalne naslage (r), naslage poplavne ravnice
(po) i aluvijalne naslage (al). Prva cetiri litofacijesa su pleisto-
censke starosti, dok su aluvijalne naslage holocenske starosti.

OGK Parka prirode Biokovo u mjerilu 1:50.000 prikazuje
geolosku gradu, prostorni raspored, stratigrafske i tektonske
odnose izdvojenih litostratigrafskih jedinica Parka prirode Bi-
okovo (ukupne povrsine oko 195 km?). Na listu je izdvojeno 18
litostratigrafskih jedinica jursko-kredno-paleogenske starosti
(16 formacija, 1 ¢lan i 1 sloj) i 5 kvartarnih jedinica. Geoloska
grada parka je prikazana i kroz dva geoloska profila, a tekton-
ski je to podru¢je podijeljeno u Cetiri strukturno-tektonske je-
dinice.

CROATIAN GEOLOGICAL

to the terminated funding of the programme of geological maps
of the Republic of Croatia by the MZO in 2013, the final re-ambu-
lation of the terrain was conducted only in 2018. The final geo-
logical map of the Pozeska Gora Mt area, M 1:50,000, was com-
pleted and published by HGI-CGS in 2019 (HALAMIC et al,, 2019).
Work on finalising the Explanatory Notes for PoZeska Gora Moun-
tain began during the preparation of the geological map and is
expected to be published in 2022.

The Explanatory Notes for PoZeska Gora Mountain describe a total
of 22 lithostratigraphic units, comprising 18 formations and 4 mem-
bers, along with 5 Quaternary units limited by unconformities.
These separated units, including hiatuses, span the Early Triassic
to the Quaternary. The following formations have been identified:
Sulkovci (SUL) — Lower Triassic, Bodli$ (BOD) — Anisian, Gradski
Vrhovci (GVR) - Santonian, Luke Potok (LP) — possibly Santonian to
Upper Maastrichtian, Bzenicki Potok (BZP) — Upper Santonian to
Upper Maastrichtian, Blacko (BLA) — Maastrichtian, Vidovci (VID) -
Maastrichtian to Lower Eocene, Kozijak (KOZ) - Lower to Middle
Oligocene, Skrabutnik (SKR) - Eocene, Daranovci (DAR) - Otnan-
gian-Carpathian, Glavnica (GLA) - Otnangian?-Carpathian to Low-
er Badenian, Vejalnica (VEJ) - Upper Carpathian-Badenian, Vrapce
(VRA) - Middle to Upper Badenian, Dolje (DOLJ) - Sarmatian, Cro-
atica (CRO) - Lower Panonian, Medvedski Breg (MEB) — Middle to
Upper Panonian, Nova Gradiska (NGR) - Upper Panonian, Vrbova
(VRV) - Pliocene. The Blacko formation comprises three members,
namely Ostro Brdo (Obr), Mirkovica (Mir) and the Crnka member
(Crn), whichis included in the Vejalnica formation. The units bound-
ed by unconformities belong to the Quaternary age, and the fol-
lowing lithofacies have been distinguished: loess-like sediments
(SNL), deluvial-proluvial deposits (DPR), eluvial deposits (R), flood-
plain deposits (PO) and alluvial deposits (AL). The first four litho-
facies are of the Pleistocene age, while the alluvial deposits belong
to the Holocene.

The OGK of Biokovo Nature Park, at a 1:50,000 scale, depicts
the geological structure, spatial arrangement, stratigraphic and
tectonic settings of the isolated lithostratigraphic units within the
park’s total area of approximately 195 km?. The sheet identifies 18
lithostratigraphic units, comprising 16 formations, 1 member, 1
layer of Jurassic-Cretaceous—-Palaeogene age and 5 Quaternary
units. The geological structure of the park is illustrated in two geo-
logical cross-sections, and tectonically, the area is divided into four
structural-tectonic units.
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Spilja Nova Grgosova u Samoborskom gorju (foto N. llijani¢)
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Projekti programa Ohzor Europa
Projects from Horizon Europe programme

GSEU: Geological Service for Europe, HORIZON Europe CSA, S. Miko, 2022. — 2027.; https://eurogeosurveys.org/

research/gseu/

Projekti Hrvatske zaklade za znanost
Projects funded hy the Groatian science foundation

ACCENT - Abrupt climate changes - Evidence from Quaternary
sedimentological sequences in Croatia - Nagle klimatske pro-
mjene - Dokazi iz kvartarnih sedimentoloskih zapisa u Hrvat-
skoj, HRZZ IP, L. Galovi¢, 2021. - 2025.; http://accent.hgi-cgs.hr/

GOST - Vulkano-sedimentne sukcesije sjeverozapadne Hrvat-
ske i njihova uloga u razumijevanju geodinamike Paleotetisa
tijekom srednjeg trijasa”, HRZZ IP, D. Slovenec, 2019. - 2023.;
https://projectgost.wordpress.com

HyTheC - Multidisciplinarni pristup izradi konceptualnih mo-
dela hidrotermalnih sustava, HRZZ UIP, S. Borovi¢, 2020. - 2025.,;
https://hythec.wordpress.com/

ISSAH - Utjecaj specifi¢ne povrsine oplosja Cestice na hidroge-
oloska svojstva prapora i na njima razvijenih tala isto¢ne Hr-

Projekti fondova Europske unije

vatske, HRZZ UIP, K. Urumovi¢, 2018. - 2022.; https://www.hgi-
cgs.hr/nacionalni-kompetativni-projekti-issah/

PYROSKA - Miocene syn-rift evolution of the North Croatian
Basin (Carpathian-Pannonian Region): a multi-proxy approach,
correlation and integration of sedimentary and volcanic record,
HRZZ UIP, M. Brlek, 2019. - 2024.; https://pyroska.wordpress.com/

QMAD - Porijeklo i taloZenje sedimenata u vrijeme kasno kvar-
tarnih promjena morske razine: Sustav rijeke Krke i Srednjoja-
dranske kotline, HRZZ IP, S. Miko, 2019. - 2023.; http://gmad.
hgi-cgs.hr/

UNLOCK-CAVE - Istrazivanje paleoklimatske varijabilnosti vi-
soke rezolucije pomocu posrednih pokazatelja u sigama iz No-
ve Grgosove spilje, HRZZ UIP, P. Bajo, 2022.-2027.

Projects funded by the European union

boDEREC-CE - Board for Detection and Assessment of Phar-
maceutical Drug Residues in Drinking Water - Capacity Building
for Water Management in CE, Interreg Central Europe, J. Terzi¢,
2019. - 2022.; https://www.interreg-central.eu/Content.
Node/boDEREC-CE.html

DEEPWATER-CE - Developing an integrated implementation
framework for Managed Aquifer Recharge solutions to facilita-
te the protection of Central European water resources endan-

gered by climate change and user conflict, Interreg Central Eu-
rope, S. Borovi¢, 2019.-2022.; https://www.interreg-central.
eu/Content.Node/DEEPWATER-CE.html

EMODnet Geologija-5 - The European Marine Observation
and Data network, EU EASME DG MARE, S. Miko, 2021. - 2023,

https://www.emodnet-geology.eu/

MUHA - Multihazard Framework for Water Related Risks Ma-
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nagement, Interreg Adrion, J. Luka¢ Reberski, 2020. - 2022,
https://muha.adrioninterreg.eu/

RESPONSa - Response to landslide and flash flood risk with
early warning system design, Interreg - IPA CBC HR-BA-ME, V.

Strukturni fondovi
Structural Funds

UKV - Upravljanje krskim priobalnim vodnosnicima ugrozeni-
ma klimatskim promjenama, Ministarstvo zastite okolisa i ener-
getike / Strukturni fondovi, J. Terzi¢, 2020. - 2022.; https:/www.
hgi-cgs.hr/ukv/

Projekti u suradnji s privredom

Gommercial projects

Analiza Na-fluoresceina, Winner Project d.o.o. Sarajevo, T. Mar-
kovi¢, 2022.

Definiranje hidroloskog i hidrogeoloskog stanja Spomenika
parkovne arhitekture (SPA) Park Maksimir i podrucja ekoloske
mreze HR2001228 (PEM), Javna ustanova Maksimir Zagreb, A.
Stroj, 2022. - 2023.

Geolosko kartiranje stijenske mase na lokaciji utvrde Tro3enj
(NP Krka), CONTERA d.o0.0., I. Misur, 2022.

Grad Hvar - geostaza, Grad Hvar, T. Korbar, 2022 - 2023.

Hidrogeoloska i hidroloska istrazivanja Bijele rijeke i Rjecice,
Javna ustanova "Nacionalni park Plitvicka jezera', J. Terzi¢, 2022.
-2023.

Istrazni radovi na busotini SM-1/14 - hidrogeoloska i hidroke-
mijska istraZivanja, Toplice Sveti Martin d.o.o., T. Markovi¢, 2022.

Izgradnja piezometarskih polja na aktivnim vodocrpilistima - 1.
faza, GeoKol d.0.0. Varazdin, K. Urumovi¢, 2021. - 2022.

Izrada elaborata o rezultatima mineralosko-petrografskih i geo-
kemijskih analiza uzoraka stijena iz jezgara dubokih i plitkih
busotina Cerkezovac, Geotehnicki studio d.o.0., L. Wacha, 2022.

Izrada geoloske karte i inventarizacija geoloske bastine na po-
drugju Parka Prirode Biokovo, PP Biokovo, N. Beli¢, 2019. - 2022.

CROATIAN GEOLOGICAL SURVEY

Gulam, 2020. - 2023.; https://www.interreg-hr-ba-
me2014-2020.eu/project/responsa/

DeltaSal - Napredni sustav motrenja agroekosustava u riziku
od zaslanjivanja i oneciséenja, Ministarstvo zastite okolisa i ener-
getike / Strukturni fondovi, Z. Brki¢, 2020. - 2023,; https://del-
tasal.hr/

Izrada hidrogeoloskog elaborata busotina EZ-1 i UZ-1 - Lokaci-
ja Ped¢enica, Zagreb, Bunari Mihali¢ d.o.o. Ivani¢ Grad, K. Uru-
movi¢, 2022.

Izrada izvjes¢a o analizama dodatnih jezgara iz busutina u za-
padnom dijelu zone potencijalnosti leZista Mocilje, Kamen d.d.,
L. Fucek i D. Palenik, 2022.

Izrada prilagodene geoloske karte (na temelju GK RH 1:300.000)
za potrebe Centra za posjetitelje Baraceve spilje, Javna ustano-
va Baraceve spilje, P. Feri¢, 2022.

Izvr$enje usluge nastavka hidrogeoloskog i hidroloskog moni-
toringa na podrugju Ivanscice, s ciljem definiranja bilance i di-
namike istjecanja podzemnih voda, Zagorski vodovod d.o.o.
Zabok, O. Larva, 2022.

Kartiranje obalnih i pridnenih morskih stanista u obalnom mo-
ru RH i pridnenih morskih stanista u hrvatskom epikontinen-
talnom pojasu u sklopu OPKK projekta Kartiranje obalnih i prid-
nenih morskih stanista na podruéju Jadranskog mora pod
nacionalnom jurisdikcijom (KK.06.5.1.02.0001) - Grupa 1: Usluga
kartiranja podrucja obalnog mora, MINGOR, konzorcij OIKON,
IOR, HGI-CGS, GEOF-UNIZG, IRB, voditelj iz HGI-CGS-a S. Miko,
2021.-2023.

Kartiranja obalnih i pridnenih morskih stanista u obalnom mo-
ru RH i pridnenih morskih stanista u hrvatskom epikontinen-
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talnom pojasu u sklopu OPKK projekta Kartiranje obalnih i prid-
nenih morskih stanista na podru¢ju Jadranskog mora pod
nacionalnom jurisdikcijom” (KK.06.5.1.02.0001) - Grupa 2: Uslu-
ga kartiranja podrucja epikontinentalnog pojasa, MINGOR, kon-
zorcij OIKON, IOR, HGI-CGS, GEOF-UNIZG, IRB, voditelj iz HGI-
CGS-a S. Miko, 2021.-2023.

Laboratorijske usluge, IGH d.d. A. Cai¢-Jankovi¢, 2022.

Laboratorijske usluge, Priprema palinoloskih preparata, E6tvos
Lorand University, V. Baranyi, 2022.

Litolosko i inzenjerskogeolosko kartiranje litice iznad Kastela u
Kotisini, Grad Makarska, D. Navratil, 2022.

Provedba istrazivackih postupaka i izrada projektne dokumen-
tacije radi sanacije klizista u Vinogradskoj ulici u Op¢ini Sand-
rovac, Opéina Sandrovac (konzorcijski Geokon-Zagreb), T. No-
vosel, 2022. - 2023.

Provedba inZzenjerskogeoloskih i visinskih radova na lokalitetu
utvrde Trosen;j (NP Krka), HGI-CGS - Zavod za geologiju, D. Na-
vratil, 2022.

Pruzanje strucnih usluga u podruéju promocije geoloske ba-
Stine Geoparka Viski arhipelag, Udruga Geopark Viski arhipe-
lag, T. Korbar, 2021. - 2022.

Sedimentno petrografske i mikropaleontoloske analize, Arhe-
olab, L. Fucek, 2022.

Sedimentno petrografske i mikropaleontoloske analize, Mar-
Lab, L. Fucek, 2022.

Snimanje magnetotelurskih podataka s udaljenom referent-
nom to¢kom na podrugju istraznog prostora "Karlovac 1", Ge-
termiKA d.o.0. za energetiku Karlovac, S. Borovi¢, 2022.

Studija 0 moguénosti pronalazenja geotermalne vode u k. o.
Cret, MKP d.o0.0. Zagreb, S. Borovi¢, 2022.

Tehnicko-ekonomska analiza koristenja podzemnih voda za
potrebe dizalica topline na lokaciji poslovne zgrade Hrvatske
Lutrije u Novom Zagrebu, Hrvatska Lutrija d.o.0. Zagreb, S. Bo-
rovi¢, 2022.

Ugovor za pracenje izdasnosti izvorista Malo Vrelo - Licka Je-
senica, Vodovod i kanalizacija d.o.0. Ogulin, A. Stroj, 2021.- 2022.

Usluga analize krutih uzoraka na prisutnost azbesta XRD i PLM

metodama, ANT d.o.o., Zagreb, voditelj iz HGI-CGS-a N. llijanic,
2022.

Usluga analize praskastih geoloskih uzoraka na ukupni mine-
ralni sastav, TPA d.o.0., Zagreb, voditelj iz HGI-CGS-a N. llijani¢,
2022.

Usluga analize praskastih uzoraka opeke na ukupni mineralni
sastav XRD metodom, Gradevinski fakultet, Zagreb, voditelj iz
HGI-CGS-a N. llijani¢, 2022.

Usluga analize uzoraka XRD metodom, Enhydro d.o.o., N. Ilija-
ni¢, 2022.

Usluga definiranja postojeceg stanja korita rijeke Licka Jeseni-
ca u zoni pod utjecajem umijetnih betonskih pregrada, Mini-
starstvo gospodarstva i odrZivog razvoja, A. Stroj, 2022.

Usluga geoloskih radova na terenu za geofizicka istraZivanja,
obrada podataka i geoloskih profila, izrada karte anomalija na
vise lokacija na podrugju Sjevernog Jadrana te edukacija zapo-
slenika HHI-a, Hrvatski hidrografski institut, Split, D. Brunovic,
2022.

Usluga izrade elaborata o rezervama ciglarske gline na eksplo-
atacijskom polju Grabovac - 6. obnova rezervi, Wienerberger
d.o.o., Karlovac, voditelj iz HGI-CGS-a N. Gizdavec, 2022.-2023.

Usluge izrade geoloske karte Nacionalnog parka Plitvi¢ka je-
zera, Javna ustanova Nacionalni park Plitvicka jezera, V. Brci¢,
2021.-2022.

Usluga izrade sadrzaja tabli u zasticenom podru¢ju Velog bla-
ta na otoku Pagu, JU Natura-Jadera, Zadarska Zupanija, N. llija-
ni¢, 2022.

Usluga izrade stru¢nih podloga iz podrugja zastite okolisa, GP
sistemi d.0.0., N. Gizdavec, 2022.

Usluga pripreme i organizacije provodenja U-Th datiranja uzo-
raka siga iz Gornje Baraceve 3pilje, JU Baraceve 3pilje, P. Bajo,
2022,

Usluga vodoistraznih ispitivanja i izrada elaborata zona sani-
tarne zastite izvorista Belecka Selnica, Zagorski vodovod d.o.o.
Zabok, O. Larva, 2021. - 2022.

Vodoistrazni radovi u $pilji Golubinka, Vodovod i odvodnja
d.o.0. Benkovac, A. Stroj, 2021. - 2022.
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GSEU: Geoloska sluzha za Europu

Geological service for Europe

Autor / Author: dr. sc. Slobodan MIKO
https://www.geologicalservice.eu/

Hrvatski geoloski institut je, u suradnji sa 48 institucija, 1. rujna
2022. godine zapoceo provedbu projekta GSEU u sklopu pro-
grama Obzor Europa, pod motom za zdrav planet te klimatski
neutralnu i odrzivu ekonomiju.

Klju¢ni cilj projekta GSEU je razviti, i uiniti trajno dostupnom,
paneuropsku infrastrukturu geoloskih podataka i povezane
informacijske usluge za odrzivo i sigurno koristenje podzemlja
i njegovih resursa.

GSEU je zamisljen kao ulazna tocka u stalnu mrezu suradnje
europskih geoloskih sluzbi kao nacionalnih i regionalnih ima-
telja relevantnih informacija o podzemlju. Europskim ce insti-
tucijama, tvrtkama, akademskoj zajednici i gradanima osigu-

rati pristup najnovijim informacijama
0 podzemlju na paneuropskoj razini.

GSEU Ce 1) razviti uskladene paneu-
ropske podatkovne i informacijske
usluge, 2) se nadogradivati na po-
stojecu geolosku platformu ,Europ-
sku infrastrukturu geoloskih poda-
taka” (engl. European Geological Data Infrastructure - EGDI) i 3)
ojacati nacionalne i regionalne mreze geoloskih sluzbi.

Logotip projekta GSEU
Project logo

Tridesetak geologa HGI-CGS-a sudjeluje u sljedec¢im radnim
paketima (engl. work package - WP) projekta GSEU:

WP 2 - Kriti¢ne mineralne sirovine, izgradnja medunarodnog
centara izvrsnostii razrada i primjena Okvirne klasifikacija (mi-
neralnih sirovina) Ujedinjenih naroda (UNFC); WP 3 - Inventari-
zacija geotermalne energije i podzemnog skladistenja; WP 4
- Procjena, zastita i odrzivo koristenje europskih resursa pod-
zemnih voda; WP 5 - Procjena ranjivosti obale i potencijali geo-

GSEU

GEQLOGICAL | FOR

The Croatian Geological Survey is a part of the collaboration of
the geological surveys of Europe with an ambition to establish a
sustainable European geological service, serving European soci-
ety through, and beyond, the green transition. The partnership
consists of 48 partners and is funded through the Horizon Europe
fund for a duration of five years starting from September 2022.

The geological surveys of Europe are the primary providers of
subsurface data, information, and advice that can help the EU to
achieve The Green Deal.

The HGI-CGS is contributing to six work packages with a work-
force of 30 geologists. The main work will be in work packages
dealing with a secure supply of critical minerals is needed to de-
velop green technologies, inventory
of geothermal energy and under-
ground storage capacities, ground-
water quality and quantity which is
needed to manage agricultural land
use, detect and mitigate pollution of
drinking water, monitor and plan for
extreme flooding events. Also, work
will be done on mapping of the subsurface is needed to manage
conflicting surface and subsurface land use, such as farming, ur-
ban development, carbon sequestration, geothermal energy ex-
ploitation, or storage of hydrogen fuel.

SERVICE

EURCPE

These and other important roles can only be filled with the data
and expertise of the geological surveys of Europe.

Through this five-year Coordination and Support Action, GSEU
will deliver a plan for a sustainable Geological Service for Europe
to be implemented beyond the project closure. This service will
serve European society and provide sound information for poli-

HRVATSKI GEOLOSKI INSTITUT
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loskih podloga za postavljanje vjetroelektrana na moru; WP 6 cies in water, energy, raw materials, hazards, and all areas that re-

- Geoloski okvir za paneuropski geoloski podatkovniiinforma-  quire subsurface data and expertise. Through this service, we will

cijski sustav; te WP 9 - Uspostavljanje mreze geoloskih sluzbii  contribute to environmental sustainability and social well-being

pruzanje odrzivih usluga za Europu. in Europe, supported by a powerful and comprehensive digital
infrastructure.

Projekt ¢e trajati pet godina, a sufinancira ga Europska komisi-
ja, uz dodatno financiranje od strane geoloskih sluzbi Europe,
do ukupno 24 milijuna eura.
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Ugrozeni obalni dio Pakostanskog lesnog platoa je pilot podrucje radnog paketa 5. Pleistocenske naslage (les, konglomerati i koluvijalne naslage sa crveni-
cama) koje leZe na krednim vapnencima izlozene su erozijskom djelovanju valova (prvenstveno za vrijeme orkanskog juga) i klizanju duz nekonsolidiranih
slojnih ploha (visina cijelog pedo-sedimentnog kompleksa je 15 m

The coastal part of the Pakostane loess plateau is the Croatian pilot site for the work package dealing with coastal vulnerability. The Pleistocene deposits overlying
Cretaceous limestones are being eroded by high waves under the influence of the southern winds, and are sliding along the bedding planes into the sea
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Licka Jesenica (photo by M. Briski)
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UNLOCK-CAVE: Istrazivanje paleoklimatske varijahilnosti
visolie rezolucije pomocu posrednih pokazatelja u sigama iz

Nove Grgosove spilje

Uniocking high-resolution palaeoclimate variahility from Nova
Grgosova cave multi-proxy speleothem record

Glavna istrazivatica / Principal investigator: dr. sc. Petra BAJO

Uspostavni istraZivacki projekt UNLOCK-CAVE je zapoceo u
listopadu 2022. godine. Cilj projekta je istraziti regionalni od-
govor na visokofrekventnu prirodnu klimatsku varijabilnost u
regiji juzne i srednje Europe tijekom posljednjih 1400 godina

The UNLOCK-CAVE installation research project began in October
2022. The project aims to understand the regional response to
high-frequency natural climate variability in South-Central Europe
during the last 1400 years by exploring multiple geochemical prox-
ies in speleothems from the Nova Grgosova cave in Croatia. Spe-
cifically, we aim to investigate the link between the geochemical
properties of speleothems at this site and the North Atlantic Oscil-
lation (NAQ), a major mode of internal climate variability, on an an-
nual to sub-decadal time scale. Additionally, we aim to investigate
the potential of these speleothems to yield quantitative data on
past climate variability and to decipher the climate and non-climate
drivers of carbon isotope composition in these speleothems. Our
palaeoclimate interpretations will be supported by a long-term
extensive cave monitoring programme. This project will yield the
first high-resolution quantitative record of past climate variability
in this poorly studied region and will lead to a better understand-
ing of regional responses to atmospheric circulation variability in
the past. The UNLOCK-CAVE project involves six early career re-
searchers from three Croatian institutions, including Petra Bajo,
Maja Briki, Vlatko Brci¢ and Nikolina llijani¢ from the HGI-CGS,
Anica Benuti¢ from the Croatian Institute for Public Health and
Andreja Sironi¢ from Ruder Boskovi¢ Institute. Additionally, a PhD

Monitoring u Novoj Grgosovoj spilji ukljucuje prikupljanje prokapnice i re-
centnog kalcita za kemijske analize i mjerenja osnovnih hidrokemijskih poka-
zatelja vode, mjerenje intenziteta prokapavanja, temperature, relativne
vlaznosti i koncentracije CO, u spiljskom zraku (foto V. Br¢i¢)

The cave monitoring programme in Nova Grgosova cave involves collecting
dripwater and recent calcite samples for chemical analyses, as well as measure-
ments of basic hydrochemical parameters, drip rate, cave air temperature, rela-
tive humidity and CO, concentration (photo by V. Brci¢)

HRVATSKI GEOLOSKI INSTITUT



koriste¢i geokemijske pokazatelje u sigama iz Nove Grgosove
spilje u Hrvatskoj. Specifi¢ni ciljevi projekta su: istraZiti vezu
geokemijskih znacajki siga iz ove spilje i glavnog moda inter-
ne klimatske varijabilnosti, Sjevernoatlantske oscilacije (NAO),
u godisnjoj do subdesetljetnoj vremenskoj rezoluciji; istraZiti
potencijal ovih siga za kvantitativne paleoklimatske rekon-
strukcije te odgonetnuti klimatske i neklimatske uzroke odgo-
vorne za izotopni sastav ugljika u ovim sigama. Paleoklimatske
interpretacije ¢e biti potpomognute dugogodisnjim, detaljnim
monitoringom spilje. Ovaj ¢e projekt rezultirati prvim kvanti-
tativnim podatcima o klimatskim uvjetima u proslosti u viso-
koj rezoluciji u ovoj slabo istraZzenoj regiji te ¢e doprinijeti bo-
ljem razumijevanju regionalnog odgovora na promjene u
atmosferskoj cirkulaciji u proslosti. Projekt UNLOCK-CAVE ¢e
okupiti $est istrazivaca iz tri hrvatske institucije. Clanovi istra-
Zivackog tima su Petra Bajo, Maja Briski, Vlatko Brci¢ i Nikolina
llijani¢ iz HGI-CGS-a, Anica Benuti¢ iz Hrvatskog zavoda za jav-
no zdravstvo i Andreja Sironic iz Instituta Ruder Boskovic. Ti-
jekom 2023. godine projektu ¢e se pridruZiti i doktorand. Oku-
pljanje ove istrazivacke grupe ¢e po prvi put omoguditi da se
svi analiticki kapaciteti trenutno dostupni u hrvatskim institu-
cijama u potpunosti iskoriste za paleoklimatska istraZivanja
siga. Nadalje, u okviru projekta je planirano uspostavljanje
novih istraZivackih kapaciteta: laboratorija za mikrouzorkova-
nje i Ciste laboratorijske jedinice te uvodenje metode za pri-
premu uzoraka za U-Th datiranje. Ovo ¢e potaknuti daljnja
istraZivanja u znanosti o sigama i ostalim geoznanstvenim
disciplinama u Hrvatskoj, $to ¢e dovesti do poboljsanja cjelo-
kupne kvalitete i znanstvenog utjecaja istrazivanja provedenih
u hrvatskim istrazivackim institucijama.

CROATIAN GEOLOGICAL SURVEY

Priprema uzoraka vode prokapnice za kemijske analize u Novoj Grgosovoj
spilji (foto P. Bajo)

Preparation of dripwater samples for chemical analyses in the Nova Grgosova
cave (photo by P. Bajo)

student will join the team in 2023. For the first time, the research
group will enable the full exploitation of all analytical capabilities
available at Croatian institutions for speleothem-based palaeocli-
mate research. Furthermore, the project includes establishing new
research facilities such as a microsampling and clean lab facility and
implementing a preparation method for U-Th dating. This will
stimulate further research in speleothem science and other geo-
science disciplines in Croatia, improving the overall quality and im-
pact of research conducted at Croatian research institutions.
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ISSAH: Utjecaj specificne povrsine oploSja cestice na
hidrogeoloSka svojstva prapora i na njima razvijenih tala

istocne Hrvatske

Impact of specific surface area on hydrogeological properties
of loess tleposits and loess-terived soils in eastern Groatia

Glavni istraZivac / Principal investigator: dr. sc. Kosta URUMOVIC
https://www.hgi-cgs.hr/nacionalni-kompetativni-projekti-issah/

Projekt ISSAH, financiran od strane Hrvatske zaklade za znanost
(HRZZ) i Hrvatskog geoloskog instituta (HGI-CGS), trajao je od
2018. do 2022. godine. Cilj projekta bio je oformiti istrazivacku
grupu mladih znanstvenika iz razli¢itih znanstvenih podru¢ja ko-
ja Ce se interdisciplinarnim pristupom baviti istraZivanjem slabo
vezanih klasti¢nih naslaga.

U sklopu projekta provedena su geoloska, geofizicka, hidrogeo-
loska i pedoloska istraZivanja u Baranji, Srijemu i Vinkovcima te je

The ISSAH project, funded by the Croatian Science Foundation
(HRZZ) and the HGI-CGS, ran from 2018 to 2022. The project aimed
to establish a research team comprising young scientists from di-
verse scientific fields who would adopt an interdisciplinary approach
to investigate loosely bound clastic rocks.

As part of the project, geological, geophysical, hydrogeological
and paedological research was conducted in the regions of Bara-
nja and Srijem, as well as the city of Vinkovci. This resulted in the
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Konceptualni hidrogeoloski model obnavljanja podzemnih voda kroz prapornu krovinu (M. Pola)
Conceptual hydrogeological model of the groundwater recharge through the loess overlying beds (prepared by M. Pola)
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Lateralni kontakt prapora i dunavskog pijeska u lloku (foto K. Urumovic)

Lateral contact of loess and Danube sand in the town of llok (photo by K. Urumovi¢)

uspostavljen kontinuirani hidrogeolo3ki, hidrokemijski, pedolos-
ki i meteorolo$ki monitoring Sto ce rezultirati izradom hidrogeo-
loske karte podrugja istrazivanja.

Na vecini uzoraka materijala iz jezgara busotina i raskopa su pro-
vedene laboratorijske geomehanicke, mineraloske i geokemijske
i pedoloske analize za potrebe definiranja hidrogeoloskih znacaj-
ki tipi¢nih prapora sjeverne Hrvatske i utjecaja razlicitih procesa
na navedene znacajke. Specifi¢na povrsina oplosja cestice (SSA)
izvorisno je svojstvo klasti¢nih naslaga i krajniji cilj ovog istraZiva-
nja bilo je funkcijsko povezivanje SSA s propusnoscu (k) prapora
i praporolikih materijala i s u¢incima pedogeneze na praporu kao
mati¢nom supstratu. Cilj je ve¢im dijelom ostvaren, to je prika-
zano na vise konferencija te u dva znanstvena rada.

HRZZ je zbog nedovoljne znanstvene produkcije prekinuo finan-

ciranje za zadnju predvidenu godinu trajanja istrazivanja, ali su
predvidena istrazivanja nastavljena uz financiranje HGI-CGS-a.

CROATIAN GEOLOGICAL SURVEY

establishment of continuous hydrogeological, hydrochemical, pae-
dological and meteorological monitoring, which would contribute
to creating a hydrogeological map of the research area.

Geotechnical, mineralogical, geochemical and paedological labo-
ratory analyses were conducted on most of the samples obtained
from the borehole core excavations to define the hydrogeological
characteristics of typical loess sediments in northern Croatia and
the impact of various processes on these. The specific surface area
of particles (SSA) is a crucial property of clastic sedimentary rocks.
The ultimate goal of this research was to establish a functional re-
lationship between SSA and the permeability (k) of loess and loess-
like materials and the effects of paedogenesis on loess as a parent
substrate. The research goals were largely achieved, as demon-
strated at several conferences and in two scientific papers. How-
ever, owing to insufficient scientific output, HRZZ ceased funding
for the final year of the research. Nevertheless, the scheduled in-
vestigations persisted with funding from HGI-CGS.
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UKV: Upravijanje krskim priohalnim vodenosnicima
lgrozenima klimatskim promjenama

Management of coastal aguifers endangered by climate change

Koordinator za HGI-CGS / Coordinator for HGI-CGS: dr. sc. Josip TERZIC

https://www.ukv-projekt.eu/

Projekt UKV priveden je kraju tijekom 2022., iako su se aktivno-
sti po odobrenju produZenja projekta protegle u prvi kvartal
2023. Projekt je orijentiran na suocavanje ranjivih krskih pri-
obalnih vodonosnika s prognoziranim klimatskim promjenama.
Voditelj projekta je bio prof. dr. sc. Ranko Biondi¢ (Geotehnicki
fakultet u Varazdinu), a kao partneri su, uz HGI-CGS, sudjelova-
li Drzavni hidrometeoroloski zavod (DHMZ) i Gradevinski fakul-
tet u Rijeci. Kako se istraZivao utjecaj na priobalne vodonosnike,
fokus projekta su u najvecoj mjeri bile suse i dugotrajnija susna
razdoblja kakva bi se mogla dogadati ucestalije i trajati duze.

Od triju pilot podrugja, istrazivaci HGI-CGS-a obradivali su Blat-
ski vodonosnik na otoku Korculi. Kako su se obavljala hidrogeo-
loska i geokemijska istrazivanja, u projektu su sudjelovala dva

The UKV project concluded in 2022, although activities extended
into the first quarter of 2023 after the extension was approved. The
project aimed to address vulnerable karst coastal aquifers consider-
ing predicted climate changes. The project leader was Professor
Ranko Biondi¢, PhD, from the Faculty of Geotechnical Engineering
in Varazdin. Participating partners included the HGI-CGS, the Croa-
tian Meteorological and Hydrological Service (DHMZ) and the Fac-
ulty of CivilEngineering in Rijeka. Since the project focused on coast-
alaquifers, it largely emphasised drought periods, which could occur
more frequently and last longer.

Of the three pilot areas, HGI-CGS researchers worked on the Blato
aquifer on the island of Kor¢ula. Both hydrogeological and geo-
chemical research were carried out, involving two HGI-CGS Depart-
ments, ZHGIG and ZMS. As part of hy-
drogeological monitoring, multi-
-parameter measuring instruments
were installed in the dug water supply
wells, or pre-existing data was used.
Several wells were drilled before the
launch of the UKV project to partici-
pate in future water supply systems
and thus included in our research.

Postavljanje multiparametarskog
automatskog mjeraca Aqua Troll 500
tvrtke In situ s telemetrijskim ocitanjem
u najvaznijem vodoopskrbnom zdencu
Studenac

The Aqua Troll 500, a fully customisable
multi-parameter probe with telemetry
reading manufactured by In Situ Inc,
installed in the Studenac water supply well

HRVATSKI GEOLOSKI INSTITUT
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Hidrogeoloski zemljovid slijeva blatskog vodonosnika s ucrtanim zonama sanitarne zastite crpilista, te novim busenim zdencima koji su ukljuceni u istrazivanja.
A hydrogeological map of the catchment area of the Blato aquifer, illustrating the zones of sanitary protection around the pumping site as well as the newly drilled

wells included in the research

zavoda (ZHGIG i ZMS). U sklopu hidrogeoloskog monitoringa u
vodoopskrbne kopane zdence postavljeni su multiparametar-
ski automatski mjeradi ili su koristeni postojeci podatci.

Prije pocetka projekta UKV izbuseno je nekoliko zdenaca koji
¢e se u buducnosti moci ukljuciti u vodoopskrbni sustav, te su
interventno ukljuceni u nasa istraZivanja. Na temelju rezultata
projekta zaklju¢eno je kako su prekomjerna zaslanjenja mogu-
Ca Cedce, i jaceg intenziteta nego do sada, te ce se na temelju
monitoringa veceg broja parametara modi intervenirati korek-
cijama crpnih koli¢ina. Nove busotine i njihovo uklju¢enje u
mrezu tu moZe imati znacajan ucinak. Razmotrena je ideja kon-
troliranog zatvaranja otjecanja viskova povrsinskih voda iz po-
drudja Blatskog polja branom ili branama, kako bi se umjetno
napajao vodonosnik u vrijeme kada vode ima u suvisku te bi se
posljedi¢no lakse prebrodili ljetni hidroloski minimumi.

CROATIAN GEOLOGICAL SURVEY

Based on project results, it was concluded that excessive salinisation
might occur more frequently and with greater intensity than before.
Therefore, monitoring a larger number of parameters would help
correct pumping quantities. At this point, including new wells into
the network could have a significant effect. Furthermore, the idea
of controlled sealing of excessive surface water runoff from the Blat-
sko Polje area by one or more dams was considered to artificially
supply the aquifer when there is excess water. This approach would
help overcome the summer hydrological minima.
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hoDEREG-CE; Ekspertni tim za identifikaciju i analizu lijekova i
proizvoia za osobnu njegu u vodi za pice — jacanje kapaciteta
1a upravijanje vodama u Srednjoj Europi

Board for Detection and Assessment of Pharmaceutical Drug
Residues in Drinking Water — Gapacity Building for Water

Management in Gentral Europe

Voditelj projekta / Project manager: dr. sc. Josip TERZIC

Autori teksta / Authors of the text: Ana SELAK, dr. sc. Josip TERZIC
https://programme2014-20.interreg-central.eu/Content.Node/boDEREC-CE.html

Nakon tri godine uspjedne implementacije pod vodstvom Za-
voda za hidrogeologiju i inZzenjersku geologiju HGI-CGS-a, pro-
jekt boDEREC-CE programa Interreg CE priveden je kraju u ozuj-
ku 2022. Suradnjom 12 partnera iz 7 drzava EU (AU, CZ, IT, DE,
PL, Sli HR) pokrenuta je inicijativa za razvoj zajedni¢kog smjera
djelovanjai politike na europskoj razini vezane za problematiku

vvvvv

Iz Jadro
Jadro spring

Under the leadership of the department of Hydrogeology and En-
gineering Geology, the boDEREG-CE project of the Interred CE pro-
gramme was successfully implemented for 3 years, concluding in
March 2022. The project aimed to develop a common course of
action and policy at the European level concerning the issue of
specific micropollutants (emerging contaminants’, EC) in drinking
water resources, with the collaboration of 12 partners from 7 EU
countries (AU, CZ, IT, DE, PL, Sl and HR). The project offered solu-
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Postavljanje automatskog mjeraca za temperaturu i elektroliticku vodljivost
uizvor Jadro

Installation of an automatic thermometer and electrical conductivity metre in
the Jadro spring

upravljanje vodovodima u vidu alata wwDEMAST i modePRO-
CON za pomoc¢ pri donosenju odluka, a transnacionalnom stra-
tegijom TRAST-PPCP dane su preporuke za unaprjedenje tre-
nutnog zakonodavstva o standardima pitke vode za veliku EC
skupinu farmaceutskih spojeva i proizvoda za osobnu njegu
(wpharmaceuticals and personal care products”, PPCP).

U osam pilot podrugja srednje Europe su, na temelju zajednicki
razvijene metodologije uzorkovanja, istrazeni pojavnost, pona-
sanje i transport PPCP-ova u povrsinskim i podzemnim vodama.
U sklopu hrvatskog pilot podrugja slijeva krskih izvora Jadro i
Zmovnica provedene su brojne analize hidrokemijskih znacajki
i uzorkovanje PPCP-ova u vodama izvora, rijeke Cetine i pijezo-
metarske busotine kod Gizdavca. Dobiven je preliminarni uvid
u dosad neistrazenu prisutnost i transport EC spojeva u krsu,
$to ¢e pomodi u rasvjetljavanju nepoznanica o negativnom si-
nergijskom i kumulativnom djelovanju kompleksnih smjesa EC
spojeva na krske vodne ekosustave i ljudsko zdravlje. Rezultati
projekta objedinjeni su u monografiji zajednickim doprinosom
stru¢njaka svih projektnih
partnera pod urednistvom
dr.sc. Jasmine Lukac Reber-
skii Ane Selak. Monografiju
je moguce preuzeti na po-
veznici https://pro-
gramme2014-20.interreg-
central.eu/Content.Node/
BoderecCE/D.T4.3.1.-Mono-
graph-boDEREC-CE-(1).pdf.

Crpljenje pijezometarske busotine Gizdavac
Pumping at the Gizdavac piezometer well

CROATIAN GEOLOGICAL SURVEY

Uzorkovanje na rijeci Cetini
Sampling on the Cetina River

tions for the integrated management of water supply systems
through the wwDEMAST and modePROCON decision-making
tools. Simultaneously, the transnational strategy TRAST-PPCP pro-
vided recommendations for improving the current legislation on
drinking water standards for a large EC group of pharmaceutical
compounds and personal care products (pharmaceuticals and per-
sonal care products’, PPCP).

In eight pilot areas of Central Europe, a jointly developed sampling
methodology was used to investigate the occurrence, behaviour
and transport of PPCPs in both surface waters and groundwater.
As part of the Croatian pilot area covering the drainage area of the
Jadro and Zrnovnica karst springs, hydrochemical characteristic
analyses were conducted, along with PPCP sampling in the springs,
the Cetina River and the piezometer well near Gizdavac. The pro-
ject provided a preliminary insight into the previously unexplored
presence and transport of EC compounds in karst, which would
help clarify unknowns about the negative synergistic and cumula-
tive effects of complex mixtures of EC compounds on karst water
ecosystems and human
health. Results of the project
are combined in a mono-
graph with the joint contribu-
tion of experts from all pro-
ject partners under the
editorship of PhD Jasmina
Lukac Reberski and Ana Selak.
The book is available at: htt-
ps.//programme2014-20.in-
terreg-central.eu/Content.
Node/BoderecCE/D.T4.3.1.-
Monograph-boDEREC-
CE-(1).pdf
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DEEPWATER-GE: Razvoj integriranog okvira za provedhu
koncepta umjetnog prihranjivanja vodonosnika sa ciljem
7astite resursa pitie vode ugrozenih klimatskim promjenama
| sukobima korisnika u Srednjoj Europi

Development of an integrated implementation framework for
managed aquifer recharge solutions to facilitate the
protection of central European water resources entdangered
hy climate change and user conflict

Koordinatorica za HGI-CGS / Coordinator for HGI-CGS: dr. sc. Stasa BOROVIC
Autori teksta / Authors of the text: Matko PATEKAR, dr. sc. Stasa BOROVIC
https://programme2014-20.interreg-central.eu/Content.Node/DEEPWATER-CE.html

Projekt DEEPWATER-CE provodio se u razdoblju od svibnja2019.  The DEEPWATER-CE project was implemented from May 2019 to
do travnja 2022. sa ciliem razvoja integriranog okviraza proved-  April 2022 to develop an integrated framework for implementing
bu umjetnog prihranjivanja vodonosnika (eng. managed aquifer ~ managed aquifer recharge (MAR). MARis a critical mechanism for
recharge - MAR). MAR je vazan mehanizam odrZivog upravljanja  sustainable water resource management, particularly in areas
vodnim resursima, posebice u where water quality and/or avail-
podrucjima gdje je kakvoca ili ability are compromised. MAR
dostupnost vode ugroZena, a te- involves collecting rainwater and
melji se na prikupljanju oborin- surface water during wet peri-
skih i povrsinskih voda tijekom ods, storing them in reservoirs
vlaznih perioda, njihovom skla- and recharging them artificially
distenju (npr. akumulacije) te (e.g. through injection wells or
umjetnom prihranjivanju u vo- infiltration zones) into an aquifer.

N

N

o donosnik (npr. utisni zdenci ili The project was co-funded by
u infiltracijske zone). Projekt je bio the Interreg Central Europe 2014-
o sufinanciran iz programa trans- 2020 transnational cooperation
E nacionalne suradnje Interreg programme and included seven
o Srednja Europa 2014.-2020., a project partners from Hungary,
2 ukljucivao je sedam projektnih Germany, Poland, Slovakia and
> . . v .

g partnera iz Madarske, Njemacke,  strukturno-geolozka istrazivanja u Visu (foto M. Pola) Croatia.

o Poljske, Slovacke i Hrvatske. Structural-geological investigations in Vis (photo by M. Pola)

o
[m}
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Mjerenje razine podzemne vode u bu3otini V-1 iznad Velog zala (foto M.
Basi¢)

Measurement of groundwater level in V-1 borehole in the hinterland of Velo Zalo
(photo by M. Basic)

U sklopu projekta provedena su interdisciplinarna istraZivanja
radi lociranja podru¢ja i vodonosnika pogodnih za primjenu
metoda umjetnog prihranjivanja. Hrvatsko podrucje istraziva-
nja bio je otok Vis, koji je, zahvaljujudi kvalitetnim krékim vodo-
nosnicima, samodostatan po pitanju vodoopskrbe.

Terenska istrazivanja na Visu ukljucivala su kontinuirana opa-
Zanja razina podzemnih voda, temperature i elektroliticke vod-
ljivosti, periodicka mjese¢na opazanja razina podzemnih voda
i in situ mjerenja (T, pH, EC, O,) i uzorkovanja za hidrokemijske
laboratorijske analize (glavni anioni i kationi, metali, stabilni i
radioaktivni izotopi), geofizicka (seizmicka refrakcija, elektri¢na
tomografija i magnetotelurika) te strukturno-geoloska istrazi-
vanja.

Najvazniji je ishod projekta razvoj metodologije za istraziva-
nje primjenjivosti MAR-a u geoloski razli¢itim okolisima. Re-
zultati projekta su predstavljeni na ve¢em broju konferencija
te kroz stru¢ne i znanstvene radove, a u pripremi je i doktorska
disertacija kolege Matka Patekara na temelju rezultata istrazi-
vanja.

CROATIAN GEOLOGICAL SURVEY

TCe L ,-2. oL e i
In situ mjerenje u uzorku vode iz priobalnog vodoopskrbnog izvora Pizdica
(u pozadini) (foto J. Terzi¢)

In situ measurement in water sample from coastal water-supply spring of Pizdi-
ca (in the background) (photo by J. Terzi¢)

Interdisciplinary research was conducted as part of the project
to identify locations and aquifers suitable for MAR. The Croatian
pilot area was the island of Vis, where high-quality karst aquifers
enable a self-sufficient water supply.

Field investigations on the island of Vis included continuous mon-
itoring of groundwater levels, temperature and electrolytic con-
ductivity, monthly observations of groundwater levels, in situ meas-
urements (temperature, pH, EC and O)) and sampling for
laboratory analyses (principal anions and cations, metals and stable
and radioactive isotopes), geophysical research (seismic refraction,
electrical resistivity tomography and magnetotellurics) and struc-
tural-geological research.

The most significant outcome of the project is the development
of a methodology for investigating the applicability of MAR in var-
jous geological environments. Project results have been presented
at conferences and in published professional and scientific papers.
Matko Patekar is currently preparing a doctoral thesis based on the
project findings.
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MUHA: Multihazardni okvir za upravijanje vodnim rizicima
Multihazard framework for water related risks management

Koordinatorica za HGI-CGS / Coordinator for HGI-CGS: dr. sc. Jasmina LUKAC REBERSKI
Autori teksta / Authors of the text: Patricia ZIVKOVIC, dr. sc. Jasmina LUKAC REBERSKI, lvana BOLJAT, Luka MIKLIN

hitps://muha.adrioninterreg.eu/

Projekt MUHA zapoceo je u ozujku 2020. godine u sklopu tran-
snacionalnog programa Interreg ADRION 2014.-2020. Glavni
cilj projekta usmjeren je na osiguravanje dostupnosti pitke vo-
de u slu¢aju nepogoda (poplava, susa, potresa i slu¢ajnih one-
¢isc¢enja) kroz utvrdivanje nedostataka i poboljsanja postojecih
Planova sigurnosti vode (engl. Water Safety Plans).

Tako je u sklopu prvog radnog paketa razvijen alat pod nazi-
vom ,Toolkit for Water Safety Planning Procedures Decision
Support System”, koji pomaze u identificiranju i procjeni rizika
mogucih opasnih dogadaja za vodoopskrbni sustav. Unaprje-
denje alata moguce je kroz uspostavljenu mrezu koja korisni-
cima pruza ucinkovitu i sigurnu transnacionalnu platformu za
razmjenu znanja i iskustava o MUHA alatu i daje smjernice za
izradu poboljsanih planova sigurnosti voda. Na temelju prove-
denih ,table-top” vjeZbi u sklopu drugog radnog paketa razvi-
jen je akcijski plan koji predstavlja nacin na koji se provode
vjezbe u slucaju pojedine opasnosti te omogucuije bolji pristup
u procjeni moguceg rizika za vodoopskrbni sustav.

Navedeni rezultati predstavlje-
ni su na zavrsnoj konferencijiu
Ljubljani kao klju¢ni elementi
u izradi strateSkoga dokumen-
ta,,REWAS ADRION Charta” ko-
ji je usmjeren prema uspjesdni-
joj provedbi planova sigurnosti
voda. Navedena strategija raz-
matra i moguénost otpornijeg
vodoopskrbnog sustava na tri
strateSke razine, namijenjene
vodovodima, civilnoj zastiti i
agencijama za vodu.

The MUHA project was launched in March 2020 as part of the In-
terreg ADRION 2014-2020 transnational programme. The project
aims to ensure the availability of drinking water during disasters
(floods, droughts, earthquakes and accidental pollution) by iden-
tifying deficiencies and improving the existing Water Safety Plans.

As part of the first work package, a tool called the ‘Toolkit for Wa-
ter Safety Planning Procedures Decision Support System’ was
developed to help identify and assess the risk of potentially haz-
ardous events to the water supply system. The tool can be im-
proved through a network that provides users with an efficient
and secure transnational platform for exchanging knowledge
and experiences on the MUHA tool and guidelines for creating
improved Water Safety Plans.

Based on the tabletop exercises carried out as part of the second
work package, an action plan was developed to guide exercises
in the event of a specific hazard, enabling a better approach to
assessing the possible risk to the water supply system. The results
were presented at the final con-
ference in Ljubljana as key ele-
ments in the strategic docu-
ment ‘REWAS ADRION Chart,
aimed at more successful imple-
mentation of Water Safety Plans.
The strategy also considers the
possibility of a more resilient wa-
ter supply system at three stra-
tegic levels intended for water-
works, civil protection and water
agencies.

Zavrsna konferencija odrzana u Ljubljani (foto: A. Torkar)
Final conference held in Ljubljana (photo by A. Torkar)
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Multihazard framework for water related risks management

Infograficki prikaz projekta MUHA (L. Miklin)
Infographic presentation of the MUHA project (prepared by L. Miklin)
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Osnovna geoloSka karta Nacionalnog parka Plitvicka jezera
Basic geological map of the Plitvice lakes national park

Voditelj projekta / Project manager: dr. sc. Vlatko BRCIC

U rujnu 2021. godine potpisan je ugovor izmedu javne usta-
nove ,Nacionalni park Plitvi¢cka jezera” i HGI-CGS-a za ¢etve-
rogodisnje razdoblje tijekom kojeg ce biti izradena geoloska
karta spomenutog podruéja mjerila 1:50.000 s pripadajuéim
tumacem. Povrsina nacionalnog parka iznosi gotovo 300 km?,
a na povrsini se mogu pronacdi stijene stratigrafskog raspona
od gornjeg trijasa pa sve do recentnih sedrenih pojava. Veliki
broj litostratigrafskih jedinica, intenzivna tektonika, kanjoni,
jezera, polja, proplanci, planin-
ska podrugja, praSume s vrta-
¢ama, brojni speleoloski objek-
ti i djelomi¢na prekrivenost
naslaga ovaj poligon Cine za-
htjevnim i kompleksnim za
geolosko kartiranje. Geolosko
kartiranje stoga obavlja cijeli
niz stru¢njaka Zavoda za geo-
logiju HGI-CGS-3, a predvide-
ne su ukupno tri godine teren-
skih aktivnosti s preko 150
transekata, Cetiri geoloska stu-
pa/profila, 22 litostratigrafske
jedinice, preko 300 mikroskop-
skih uzoraka, mikropaleonto-
loskih i petrografskih analiza,
itd. Osim financijskog doprino-
sa, hova ¢e geoloska karta do-
prinijeti ukupnoj ponudi naci-
onalnog parka, promociji
geologije u drustvu, prosirenju
timova za geolosko kartiranje
HGI-CGS-a te potaknutiizradu
nekoliko znanstvenih radova
tijekom provedbe projekta.

N

S
S

In September 2021, the public institution ‘Plitvice lakes national
park’ signed a four-year contract with the HGI-CGS to create a
1:50,000-scale geological map of the area, along with an accom-
panying guidebook. The NP covers almost 300 km?, and its sur-
face contains rocks ranging from the Upper Triassic to recent
travertine occurrences. The polygon’s numerous lithostratigraph-
ic units, intensive tectonics, canyons, lakes, fields, glades, moun-
tain areas, forests with sinkholes, numerous spelecobjects and
partial coverage of deposits
make it a challenging and com-
plex area for geological map-
ping. A team of experts from
the Department of Geology at
CGS is responsible for geologi-
cal mapping.

The project involves three years
of field activities, over 150 tran-
sects, four geological sections/
profiles, 22 lithostratigraphic
units, over 300 samples/thin
sections, micropalaeontologi-
cal and petrographic analyses
and more. In addition to finan-
cial contributions, the new geo-
logical map will increase the
geoheritage visibility of the NP,
promote geology in society, ex-
pand and upgrade the HGI-CGS
geological mapping teams and
encourage the creation of sev-
eral scientific papers during the
implementation of the project.

Pogled na Koranu iznad spilje Golubnjaca

View of Korana above the Golubnjaca cave
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Digitaina fotogrametrija u stijenskom inzenjerstvu
Digital photogrammetry in rock engineering

Autor teksta / Author of the text: dr. sc. Drazen NAVRATIL

U HGI-CGS-u provodi se obrada i interpretacija 3D fotorealistic-
nih modela dobivenih terestrickom i/ili zracnom digitalnom fo-
togrametrijom.

Sustav ShapeMetriX3D (3GSM GmbH, Austria) koristi se za odre-
divanje geometrijskih parametra iz fotorealisti¢cnog 3D modela
povrsina u stijenama i opcenito terenu. Moguce je kartirati geo-
loske granice i rasjede, odnosno sve ravnine koje je potrebno
deterministicki definirati u prostoru. Sustav omogucuje kartira-
nje diskontinuiteta u stijenskim masama (utvrdivanje orijenta-
cije, postojanosti i normalnih razmaka) za daljnje stohasticke
analize.

Iz podataka prikupljenih digitalnom fotogrametrijom i obrade-
nih sustavom ShapeMetriX3D provode se sljedece analize:

The HGI-CGS employs both terrestrial and aerial digital photogram-
metry techniques to generate and interpret 3D photorealistic mod-
els. The metric acquisition of rock and terrain surfaces from a pho-
torealistic 30 model is conducted using the ShapeMetriX3D system
(3GSM GmbH, Austria).

Geological boundaries, faults and other planes that require deter-
ministic definitions in space can be accurately mapped using this
system. Additionally, the ShapeMetriX3D system allows for map-
ping discontinuities in rock masses, including the determination of
their orientation, persistence and normal spacing, for further sto-
chastic analyses.

The collected data from digital photogrammetry, processed by the
ShapeMetriX3D system, underwent several analyses, including:

s

Potencijalno nestabilni blokovi i pukotine vezane uz tip nestabilnosti na litici ispod utvrde Trosenj
Potentially unstable blocks and fractures on the cliff below the Trosenj fort related to the type of instability
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Lijevo: Razdioba veli¢ine vapnenackih fragmenata iz olujnih naslaga na otoku Mana; desno: slojne plohe u blizini olujnih naslaga
Left-hand side: Distribution of limestone fragment sizes found in the storm deposits on Mana Island; right-hand side: a bedding plane in the vicinity of the storm deposits

+ statistika jednodimenzionalne varijable (postojanost i raz-
maci diskontinuiteta, povrsine i volumeni);

« statisticka analiza podataka na kruznici (npr. pruzanje dis-
kontinuiteta);

« statisticka analiza sfernih podataka (npr. polovi normala
diskontinuiteta).

Podatci prikupljeni na ovaj nacin u kombinaciji s klasi¢nim me-
todama kartiranja omogucuju pouzdanije izdvajanje dominant-
nih setova diskontinuiteta, kvalitetniju kategorizaciju stijenske
mase, procjenu in-situ razdiobe volumena blokova i pouzdani-
je odvajanje statisticki homogenih cjelina u stijenskom inzenjer-
stvu na istraZivanom prostoru.

Takoder, modul Fragmenter u sklopu sustava ShapeMetriX3D
omogucuje utvrdivanje razdiobe volumena odminiranih blo-
kova u kamenolomimai razdiobu volumena odronjenih bloko-
va na prirodnim padinama.

Najveca prednost ovih metoda je prikupljanje veceg broja po-
dataka potrebnih za pouzdanije statisticke analize, to¢nost i
preciznost geometrijskih parametara te moguénost kartiranja
tesko pristupacnih podru¢ja bez vegetacije (strme litice i visoke
izvedene kosine).

U institutu takoder koristimo bespilotne letjelice u kombinaciji
s programom Fragmenter za analizu fragmentacije iz 3D mo-
dela nakupine stijena i opisujemo dobivene empirijske podatke
o distribucijama frekvencija u prirodno ili umjetno fragmenti-
ranim materijalima.

0d 2009. godine navedene metode i analize koriste se za po-
trebe znanstvenih istrazivanja, te u privrednim projektima (naj-
¢edce geotehnika i rudarstvo).

+ One-dimensional variable statistics involved determining the
persistency and normal spacing of discontinuities, as well as
the areas and volumes.

+ Statistical analysis of circular data, such as the strike of discon-
tinuity.

« Statistical analysis of spherical data, such as the poles or nor-
mal vectors of the discontinuities.

The combination of data collected through digital photogramme-
try techniques and traditional mapping methods allows for more
reliable delineation of dominant discontinuity sets, better catego-
risation of rock masses, estimation of In situ Block Size Distribution
and more accurate differentiation of statistically homogeneous
units in rock engineering in the study area. Moreover, using the
ShapeMetriX3D system'’s Fragmenter module enables the calcula-
tion of Blast Block Size Distribution in quarries and Rockfall Block
Size Distribution on natural slopes.

The most significant benefit of these methods is the ability to col-
lect a large volume of data for more reliable statistical analyses,
coupled with the accuracy and precision of geometric parameters
and the ability to map difficult-to-reach areas without vegetation,
such as steep cliffs and high slopes.

Atthe institute, we utilised drone imagery (UAV photogrammetry)
to analyse the fragmentation of 3D models of rock piles using Frag-
menter software (3GSM GmbH, Austria). Additionally, we described
empirical data through the frequency size distribution of naturally
and artificially fragmented material.
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Kartiranje obalnih i pridnenih morskih staniSta u obalnom

moru RH

Mapping coastal and hottom marine habitats in the coastal

sea of Croatia

Voditeljica projekta/ Project manager: dr. sc¢. Slobodan MIKO

Autori teksta / Authors of the text: dr. sc. Slobodan MIKO, dr. sc. 0zren HASAN, dr. sc. Branko KORDIC

HGI-CGS sudjeluje u projektu "Usluga kartiranja obalnih i prid-
nenih morskih stanista u hrvatskom epikontinentalnom pojasu”
u sklopu projekta ,Kartiranje obalnih i pridnenih morskih stani-
Sta na podrudju Jadranskog mora pod nacionalnom jurisdikcijom"
koji je financiran kroz Operativni program konkurentnost i ko-
hezija. Glavna svrha projekta je kartiranje obalnih i pridnenih
morskih stanista na podrucju Jadranskog mora pod nacional-
nom jurisdikcijom, ukljucujuci obalna podrucja i podrucjaizvan
granica teritorijalnog mora (epikontinentalni pojas) sa ciliem
izrade karte morskih stanista, kako bi se povecala dostupnost
podataka o morskoj bioraznolikosti vezano uz rasprostranje-
nost vrsta i stanista. Sukladno Direktivi o staniStima i Okvirnoj

CROATIAN GEOLOGICAL SURVEY

HGI-CGS is participating in the project ‘Service of Mapping Coastal
and Bottom Marine Habitats in the Croatian Epicontinental Belt' as
a part of the project ‘Mapping of Coastal and Bottom Marine Hab-
itats in the Area of the Adriatic Sea under National Jurisdiction’ The
project is funded through the Operational Programme Competi-
tiveness and Cohesion. The main aim of the project is to map coast-
al and bottom marine habitats in the area of the Adriatic Sea under
National Jurisdiction, including coastal areas and areas beyond the
boundaries of the territorial sea (epicontinental belt). This will help
create a map of marine habitats, increasing the availability of data
on marine biodiversity related to the distribution of species and
habitats.

Podru¢ja obuhvacena istrazivanjima i detaljnim karti-
ranjem u sklopu projekta Kartiranje obalnih i pridnenih
morskih stani$ta u obalnom moru RH

Areas covered by the investigations and detailed mapping
as part of the project ‘Mapping coastal and bottom marine
habitats in the coastal sea of the Republic of Croatia’
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direktivi o morskoj strategiji, sustavno kartiranje obalnih i pri-
dnenih morskih stanista omogucit ¢e povecanje znanja o ras-
prostranjenostii stanju morskih resursa, podatkovnu nadopu-
nu Informacijskog sustava zastite prirode (ukljucujudi
prostornu bazu podataka o stanistima), praenje stanja vrsta
i stanista te dopunu i odredivanje ciljeva o¢uvanja podrucja
ekoloske mreZe Natura 2000 u moru, kao i kvalitetniju izradu
mjera upravljanja Natura 2000 i ostalim zasti¢enim podrud;ji-
ma, ocjenu prihvatljivosti za ekoloSku mreZu, planiranje kori-
$tenja i upravljanje bioloskim morskim resursima, prostorno
planiranje morskog podrugja, te doprinijeti organizaciji i pro-
vedbi znanstvenih istrazivanja mora i izvjeStavanju u skladu s
preuzetim medunarodnim obvezama.

Panoramski dubinomjer C-Max kojim se provodi detaljno snimanje morskog
dna pri frekvencijama od 100 kHz d 325 kHz

Detailed recording of the seabed at frequencies between 100 and 325 kHz us-
ing the side-scan G:Max sonar

Detaljno kartiranje pridnenih stanista epikontinentalnog po-
jasa provodi se koristenjem kombinacije akusti¢nih metoda,
odnosno visesnopnog dubinomjera i panoramskog dubino-
mjera. Akusti¢ne metode daju podatak o prostornoj pokrive-
nosti morskog dna odredenim stanisnim tipom, ali ¢esto ne
pruzaju informaciju o kojem se staniSnom tipu radi. Stoga je
potrebno provesti direktno uzorkovanje in situ metodama ka-
ko bi se utvrdila geoloska i biolodka karakteristika podrugja te
omogudila bioloska klasifikacija stanista. Time ¢e se ujedno
prikupiti dodatni podatci o prisutnim vrstama. HGI-CGS pro-
vodi projekt u sklopu konzorcija: Oikon d.o.0. (voditelj), Institut
za oceanografiju i ribarstvo, Geodetski fakultet Sveucilista u
Zagrebu, Institut Ruder Boskovi¢, Hrvatski hidrografski institut
i ECOTECH d.o.0. U sklopu projekta ce se kartirati 6.500 km?
jadranskog podmorja. HGI-CGS je tijekom 2022. godine snimio
oko 1000 km? jadranskog podmorja na podrugju Losinjskog
kanala, Oliba i Silbe, Dugog otoka, NP Kornata te Zirja i Zlarina.

Systematic mapping of coastal and bottom marine habitats will
help increase knowledge about the distribution and condition of
marine resources, supplement the data of the Nature Protection
Information System (including a spatial database on habitats), mon-
itor species and habitats, determine the conservation objectives
of the Natura 2000 ecological network area in the sea and develop
better management measures for Natura 2000 and other protect-
ed areas. It will also help in the assessment of the acceptability of
the ecological network, planning for the use and management of
biological marine resources, spatial planning of the marine area
and contribute to the organisation and implementation of scien-
tific research and reporting per assumed international obligations,
in accordance with the Habitats Directive and the Marine Strategy
Framework Directive.

¥ *’J ¥ Y B L ..r.l"
Snimaka detalja morskog dna dobivena panoramskim dubinomjerom, na
kojoj se vide blokovi stijena okruzeni muljevitim pijescima
Side-scan sonar images of the seabed showing blocks of rock surrounded by
muddy sands.

Detailed mapping of the bottom habitats of the continental belt is
carried out using a combination of acoustic methods, i.e. multibeam
echosounder bathymetry and side-scan sonar. Acoustic methods
provide information on the spatial coverage of the seabed with a
certain habitat type but often do not provide information about
which habitat type is in question. Therefore, it is necessary to carry
out direct sampling by using in situ methods to determine the geo-
logical and biological characteristics of the area and to allow the
biological classification of the habitat. In this way, additional data
on the species present will also be collected. HGI-CGS is implement-
ing the project as part of a consortium that includes Oikon d.o.0.
(head), the Institute of Oceanography and Fisheries, the Faculty of
Geodesy at the University of Zagreb, the Ruder Boskovic Institute,
the Croatian Hydrographic Institute and ECOTECH d.o.0.

As part of the project, 6,500 km? of the Adriatic Sea will be mapped.
In 2022, HGI-CGS recorded approximately 1,000 km? of the Adri-
atic Sea in the Lodinj Channel, Olib and Silba, Dugi Otok Islands and
the Kornati NP, along with the Zirje and Zlarin Islands.

HRVATSKI GEOLOSKI INSTITUT
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Interpretirana karta karakteristika morskog dna dobivena snimanjem visesnopnim i panoramskim dubinomjerima
The interpreted map of the seabed characteristics obtained by recording with a multibeam echosounder bathymetry and side-scan sonar
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Istrazivanja u potresom pogodenom podrucju
Investigations in the area affected hy earthquake

Autori teksta / Authors of the text: dr. sc. Branko KORDIC, Josipa MASLAGC, dr. sc. Kosta URUMOVIC, dr. sc. Lara WACHA

IstraZivanje petrinjskog epicentralnog podrucja nastavilo se u
2022. godini kroz medunarodne istrazivacke projekte Seismic
Hazard in CROatia: a COllaborative approach i Earthquake Geo-
logy Studies in Central Croatia: active faults and seismic potenti-
al u suradnji s Ambasadom Talijanske Republike u Hrvatskoj,
Nacionalnim institutom za geofiziku i vulkanologiju, Institu-
tom za zastitu od zracenja i nuklearnu sigurnost, Sveucilistem
Chieti-Pescara, Europskim centrom za istraZivanje i obrazova-
nje u geoznanosti te Geoloskim zavodom Slovenije.

Istrazivacki rovovi (foto: B. Kordic)
Research ditches (photo by B. Kordic)

In 2022, investigations in the epicentre area of Petrinja city con-
tinued through the international research projects, Seismic Hazard
in Croatia: a Collaborative approach and Earthquake Geo-logy Stud-
ies in Central Croatia: active faults and seismic potential, in coopera-
tion with the Embassy of Italy in Croatia, the National Institute of
Geophysics and Volcanology, the Institute for Radiological Pro-
tection and Nuclear Safety, the University of Chieti-Pescara, the
European Centre for Research and Teaching in Geosciences and
the GS of Slovenia.
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Tijekom godine provedena
su paleoseizmoloska istraZi-
vanja recentnih deformacija
uzrokovanih potresima na Pe-
trinjsko-pokupskom rasjedu
u mjestima Kriz Hrastovacki i
Hrastovica. Ukupno su isko-
pana Cetiri paleoseizmoloska
rova te pet rovova u svrhu
istrazivanja likvefakcije uz
obalu rijeke Kupe u mjestima
Mala Gorica i Brest Pokupski.
Takoder, izvedeno je desetak
plitkih geotehnickih busotina
(do 15 m) sa ciljem definiranja
litoloSkog sastava i provode-
nja geomehanickih ispitiva-
nja Tijekom svih terenskih ra-
dova prikupljani su prostorni
podatci te su uzeti brojni
uzorci za detaljne mineralos-
ko-sedimentoloke, paleon-
toloske i geomehanicke ana-
lize. Nadalje, uspostavljena je
suradnja sa Sveucilistima Je-
na i Aachen iz Njemacke &iji

During the year, palaeoseismo-
logical investigations were car-
ried out in the villages of Kriz
Hrastovacki and Hrastovica to
study recent deformations
caused by earthquakes on the
Petrinja-Pokuplje fault. Addi-
tionally, four palaeoseismolog-
ical ditches and five ditches for
liquefaction research were dug
along the banks of the Kupa
River in the villages of Mala
Gorica and Brest Pokupski. Fur-
thermore, a dozen shallow
geotechnical boreholes (up to
15 m deep) were drilled to de-
fine the lithological composi-
tion and perform geotechnical
tests. Spatial data were collect-
ed during the field works, and
numerous samples were taken
for detailed mineralogical-
sedimentological, palaeonto-
logical and geotechnical anal-
yses.

Istrazno busenje i geotehnicko ispitivanje (foto: L. Wacha)
Exploratory drilling and geotechnical testing (photo by L. Wacha)

studenti su odabrali istrazivano podrugje za teme preddiplom-  Cooperation was also established with the Universities of Jena
skih i diplomskih radova te je dogovorena razmjena mladih  and Aachen from Germany, whose students chose the research

istrazivaca u sklopu programa Erasmus+.

area for their undergraduate and graduate theses. An exchange
of young researchers was agreed upon within the scope of the
Erasmus+ programme.
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Geoznanstveni sat
Geoscience hour

Autori teksta / Authors of the text: dr. se. Mihovil BRLEK, dr. sc. Nikolina ILIJANIC, dr. sc. Tamara MARKOVIC

Tijekom 2022. godine Geoznanstveni sat nastavio se odrzava-
ti putem videokonferencija. Ukupno je odrzano Sest predava-
nja. Predavanja su odrzali doktorandi HGI-CGS-a (Matija Vukov-
ski, Nina Trinajsti¢ i Natalia Senolt) o temama svojih doktorskih
istraZivanja, s kojima su sudjelovali na pojedinim medunarod-
nim ili domacim konferencijama. Predavanje je odrzao i dr. sc.
Laszlo Podolszki, koji je prezentirao daljinska istrazivanja geo-
hazarda u sklopu Horizon projekta GEOTWINN. Dr. sc. Petra
Bajo odrzala je predavanje o istraZivanjima siga kao arhivima
klimatskih promjena u proslosti, povodom toga 5to je pocet-
kom 2022. godine izabrana za dobitnicu nagrade Hrvatske aka-
demije znanosti i umjetnosti za najvisa znanstvena i umjetnic-
ka dostignuéa u RH za 2021. godinu u podru¢ju prirodnih
znanosti. Odrzano je i jedno predavanje inozemne znanstve-
nice, dr. sc. Tetiane Khristove iz Rumunjske, koja je prezentirala
koristenje aplikacije SciFinder-n za pretraZivanje znanstvenih
radova s naglaskom na podrucje geologije.

U 2023. godini nastavit ¢e se odrZavati predavanja s novim mo-
deratorima: dr. sc. Larom Wachom, dr. sc. Ozrenom Hasanom i
dr. sc. Marcom Polom, te ovom prilikom dosadasnji moderato-
ri Zele zahvaliti svima na suradniji tijekom proteklih godina te

In 2022, the Geoscience Hour was held via videoconferences, and
atotal of six lectures were given. HGI-CGS doctoral students (Mati-
ja Vukovski, Nina Trinajsti¢ and Natalija Senolt) represented the
topics of their doctoral research and shared their experiences at
some international or domestic conferences. Additionally, Laszlo
Podolszki, PhD presented remote sensing of geohazards as part
of the Horizon project GEOTWINN, and Petra Bajo, PhD gave a
lecture on the research of speleothems as archives of past envi-
ronments and climates, following her win of the Annual Award
of the Croatian Academy of Sciences and Arts for the highest sci-
entific and artistic achievements in the Republic of Croatia for
2021 in the field of natural sciences. Furthermore, a lecture was
delivered by a foreign scientist, Tetiana Khristova, PhD from Ro-
mania, who presented on using the Scifinder-n application as a
discovery tool for scientific papers, emphasising the field of geo-

logy.

In 2023, new moderators will continue to hold lectures, namely
Lara Wacha, PhD, Ozren Hasan, PhD and Marco Pola, PhD. The
previous moderators would like to thank everyone for their co-
operation over the past years and wish the new moderators much
success. Researchers are invited to participate and share their in-

Tijekom predavanja kolegica Natalije Senolt i Petre Bajo.
Lectures by Natalija Senolt and Petra Bajo

HRVATSKI GEOLOSKI INSTITUT



Specijalisticki treninzi u sklopu GeoTwinn projekta: a) 3D-Stereoblend okruzenje i interpretacija kliziSta; b) GeoVisionary okruzenje i interpretacija 3D poda-
taka (pripremio L. Podolszki)

Specialistic training courses within GeoTwinn project: a) 3D-Stereoblend environment and landslide interpretation; b) GeoVisionary environment and 3D data inter-
pretation (prepared by L. Podolszki)

pozeljeti puno uspjeha novim moderatorima. Pozivamovasda  teresting geoscientific research topics in Croatia and beyond.
sudjelujete sa svojim zanimljivim temama geoznanstvenihistra-  Lectures will continue to be advertised via the HGI-CGS website
Zivanja u Hrvatskoj i Sire. Predavanja Ce se nastaviti oglasavati ~ and email to all members of the Croatian Geological Society.
putem mreznih stranica HGI-CGS-a i putem elektronicke poste

svim ¢lanovima Hrvatskoga geolokog drustva.
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Dodjela nagrada I priznanja

Annual awards and recognitions

Autor teksta / Author of the text: dr. sc. Slobodan MIKO

Kako bi se poticalo zaposlenike HGI-CGS-a na bolji rad, svake
godine za proslavu sv. Barbare dodjeljuju se godisnje nagrade
i priznanja za prethodnu kalendarsku godinu. Za 2021. godinu
nagradeno je ukupno 12 zaposlenika HGI-CGS-a.

Godisnja nagrada za znanstvena postignuc¢a dodjeljuje se dje-
latniku Instituta za najveci broj preglednih, izvornih znanstve-
nih i stru¢nih radova objavljenih u 2021. godini. Nagrada za
podrucje prirodnih znanosti, polje geologije za 2021. godinu je
dodijeljena Viktoriji Baranyi. Nagrada je dodijeljena Josipu
Terzi¢u za podrudje tehnickih znanosti, polje geolosko inZenjer-
stvo.

Godisnja nagrada mladom znanstveniku za znanstvena posti-
gnucaza 2021. godinu je dodijeljena Marku Spelié¢u u podru¢-
ju prirodnih znanosti. Godi$nja nagrada mladom znanstveniku
za znanstvena postignuc¢a za 2021. godinu je dodijeljena
Igoru Karlovicu u podrudju tehni¢kih znanosti, polje geolosko
inZenjerstvo.

Godisnja nagrada za rad s najvecim znanstvenim odjekom do-
djeljuje se za znanstveni rad objavljen u ¢asopisu s najvecim
odjekom (faktorom odjeka prema WoS-u). Nagrada je dodije-
liena Marku Speliéu u podru¢ju prirodnih znanosti, polje geo-
logije. Nagrada je dodijeljena Zeljki Brki¢ i Jasmini Lukac¢
Reberski, u podrucju tehnickih znanosti, polje geolosko inZe-
njerstvo.

Godisnja nagrada za rad s najvecim znanstvenim odjekom do-
djeljuje se za znanstveni rad, pregledni rad ili stru¢ni rad koji
je do kraja prethodne kalendarske godine citiran najmanje 15
puta. Nagrada je dodijeljena Tvrtku Korbaru. Godisnja na-
grada za rad objavljen u ¢asopisu Geologia Croatica s najvec¢im
znanstvenim odjekom dodjeljuje se za znanstveni ili stru¢ni
rad, €iji je prvi autor djelatnik HGI-CGS-a te koji je do kraja pret-
hodne kalendarske godine najvise citiran u citatnim bazama

To encourage employees to perform better, the HGI-CGS awards
annual recognition and awards each year during the celebration of
Saint Barbara’s Day for the previous calendar year. A total of 12 HGI-
CGS employees were awarded for their outstanding work in 2021.

The annual prize for scientific achievements is awarded to an em-
ployee of the institute who published the largest number of over-
views and original scientific and professional papers in 2021.
Viktoria Baranyi was awarded the prize in the natural sciences,
area of geology, for 2021. The award for technical sciences and
geological engineering for 2021 was given to Josip Terzi¢.

Marko Speli¢ was awarded the annual award for young scien-
tists for his scientific achievements in 2021 in the field of natural
sciences, and Igor Karlovi¢ was awarded the annual award for
young scientists for his scientific achievements in 2021 in the field
of technical sciences, area of geological engineering.

The annual prize for the most impactful scientific work is award-
ed to the scientific paper published in the journal with the high-
estimpact factor, according to WoS. The award in the field of nat-
ural sciences, specifically geology, was given to Marko Speli¢,
while Zeljka Brki¢ and Jasmina Lukaé Reberski were award-
ed for their contributions to the fields of technical sciences and
geological engineering.

The annual prize for the work with the greatest scientific impact
is awarded to a scientific paper, a review paper, or a professional
paper that has been cited at least 15 times by the end of the pre-
vious calendar year. This award was given to Tvrtko Korbar. Ad-
ditionally, the annual prize for a paper published in the journal
Geologia Croatica with the greatest scientific impact was awarded
to Koraljka Bakra¢, a scientific or professional paper of which
the first author is an HGI-CGS employee and has been cited the
most in the WOS or SCOPUS citation databases by the end of the
previous calendar year.

HRVATSKI GEOLOSKI INSTITUT



podataka Web of Science ili SCOPUS. Nagrada je dodijeljena
Koraljki Bakrac.

Godisnja nagrada za izuzetan doprinos geoloskoj struci, au-
torstvo i vodenije listova geoloskih karata, broj elaborata i stu-
dija, vodenje financijski znacajnih projekata te drugi izuzetan
doprinos unaprjedenju rada HGI-CGS-a dodijeljena je
Mladenu Kuhti.

Godisnja nagrada za izuzetno zalaganje tehni¢kom i admini-
strativnom osoblju dodijeljena je Hrvoju Buricu.

The annual award for outstanding contribution to the geological
profession, authorship and management of geological map
sheets, several professional reports and studies, management of
financially significant projects and other outstanding contribu-
tions to the improvement of the work of HGI-CGS was given to
Mladen Kuhta.

Finally, the annual award for exceptional commitment among
technical and administrative staff was given to Hrvoje Burié.

Hrpa panonskih dinoflagelata u sedimentu iz Nasica (foto V. Baranyi)
Batch od Pannonian dinoflegellata in the sediment from Nasice (photo by V. Baranyi)
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Inanstveni casopis Geologia Croatica
Scientific journal Geoloyia Croatica

Glavna urednica / Editor in chief: dr. sc. Lidija GALOVIC, dr. sc. Tonéi GRGASOVIC

Tehnicka urednica / Technical editor: dr. sc. Marija HORVAT
www.geologia-croatica.hr
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Naslovnice ¢asopisa u 2022. godini
Covers of the journal in 2022

Geologia Croatica je znanstveni ¢asopis HGI-CGS-a i Hrvatskoga
geoloskog drustva (HGD). U 2022. godini tiskan je 75. volumen
u tri redovita svescica te jedno posebno izdanje, na ukupno 422
stranice s 24 originalna znanstvena rada, cetiri pregledna rada
i dva uvodnika.

Prvi redovni broj 75/1 najvecim je dijelom posvecen utjecaju na
okolis klizista koji, zbog klimatskih promjena, postaje sve
izraZeniji u svijetu i u Republici Hrvatskoj. Gosti urednici bili su
Kenan Mandzi¢ i Vlatko Gulam, a uvodnik i Sest originalnih
znanstvenih radova predstavljaju rezultate istraZivanja u okviru
projekta safEarth, sufinanciranog sredstvima ERDF i IPA Il
fondova Europske unije.

U posebnom izdanju 75/Special issue objavljen je jedan uvodnik,
dva originalna znanstvena i tri pregledna ¢lanaka, a gosce
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Geologia Croatica is a scientific journal jointly published by HGI-
(GS and the Croatian Geological Society (HGD). In 2022, the 75"
volume of the journal was published, comprising three regular vol-
umes and one special issue, with a total of 422 pages containing
24 original scientific papers, four review papers and two editorials.

The first regular issue, 75/1, focused on the environmental impact
of landslides, which are becoming more frequent owing to climate
change, not only in Croatia but worldwide. The editorial and six
original scientific papers in this issue communicated research re-
sults within the safEarth project, co-financed by ERDF and IPA Il
funds of the European Union. The guest editors for this issue were
Kenan Mandzi¢ and Vlatko Gulam.

In the special edition, 75/Special issue, one editorial, two original
scientific and three review articles were published, while the guest

HRVATSKI GEOLOSKI INSTITUT
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Naslovnice ¢asopisa u 2022. godini
Covers of the journal in 2022

urednice bile su Sibila Borojevi¢ Sotari¢ i Marta Mileusni¢. Pet
radova, koji se fokusiraju na primarne i sekundarne mineralne
sirovine, rezultat su rada velikog tima projekta RESEERVE —
Mineralni potencijal regija isto¢ne i jugoistocne Europe kojeg
je financirao Europski institut za inovacije i tehnologiju.

Sa zadovoljstvom vas obavjeStavamo da je ¢lan urednistva
Tond¢i Grgasovi¢ izabran za glavnog i odgovornog urednika
Casopisa Geologia Croatica za razdoblje od 2023. do 2026., a
u drugoj polovici 2022. godine bio je u suurednistvu s Lidijom
Galovic.

Uz redovno, ali nedostatno financiranje ¢asopisa od strane
MZO, HGI-CGS je uredno podmirivao sve trokove ¢asopisa, a
4. 12.2022. na sjednici Upravnog odbora HGD-a donesena je
odluka o sufinanciranju troskova u iznosu 15.000 kn kao do-
prinos financiranju troskova ¢asopisa.

Od znacajnih baza podataka, citiraju nas baze Web of Science
(IF, =1273;Q3;IF. __ =12)iScopus (SJR, =0,272; Q3).

2021 5godina 2021
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editors were Sibila Borojevi¢ Sostari¢ and Marta Mileusnic. The is-
sue focused on primary and secondary mineral raw materials, pre-
senting the results of the work of a large team on the project RE-
SEERVE - Mineral Potential of the Regions of Eastern and
South-Eastern Europe, which was financed by the European Insti-
tute for Innovation and Technology.

Tondi Grgasovi¢ was elected as the editor-in-chief of Geologia Cro-
atica for 2023-2026, and he served as a co-editor with Lidija Galovi¢
in the second half of 2022. Although the funding of the journal by
the MZO was insufficient, HGI-CGS duly covered all the costs. How-
ever,on December 4, 2022, at the session of the Management Board
of the HGD, a decision was made to co-finance the costs in the
amount of HRK 15,000.

Geologia Croatica isindexed by the WOS (IF, , =1.273;Q3; IF o, =12)
and Scopus (SJR,,,=0.272; Q3), making it an important journal in

the field of geology.
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Conference, September 12th-17th Custonaci, Italy / Ruggieri, Rosario
(ur.). Custonaci, 2022. str. 36-36.

Tibljas, Darko; Tomljenovi¢, Bruno; Vukovski, Matija. Clay minerals
as indicators of thermal alterations in rocks from the western part
of the Papuk Mt. (Slavonian Mts., NE Croatia): preliminary results //
AIPEA - XVIl International clay conference ICC 2022, scientific rese-
arch abstracts / Kadir, Selahattin ; Schroeder, Paul A.; Tlirkmenoglu,
Asuman ; Esenli, Fahri; Ciftci, Emin (ur.). Istanbul, 2022. str. 277-277.
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Wacha, Lara; Kovaci¢, Marijan; Tsukamoto, Sumiko; Vlahovi¢, Igor;
Paveli¢, Davor. Luminescence chronology of alluvial and aeolian san-
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tology: from the Pacific to the Himalaya. Peking, 2022. T5-31757, 1.

Young, R. Jeremy; Galovi¢, Ines; Howe, W. Richard; Jiang, Shijun;
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PUBLIKACIJE

Strucne publikacije 1 tehnicka izvjesca
Professional publications and technical reports

Datum

GODSNJE I1ZVJESCGE 2022,

davanie Dodatno polje 4 Signatura
Elaborat o provedenim ispitivanjima jezgre i hidrogeoloskoj GEOKOL d.o.0
interpretaciji za potrebe projekta “Izgradnja piezometarskih polja Urumovi¢ Kosta 2022 A 003/22
e vns b Varazdin
na aktivnim vodocrpilistima - 2. faza
Zavrsno izvjescée o izvedenim radovima za potrebe izrade Beli¢ Nikola, Fuc¢ek Ladislav, Javna ustanova
geoloske karte i inventarizacije geoloske bastine na podrudju Bréic Vlatko, Korbar T., Kureci¢ T, 2022 Park prirode 004/22
Parka prirode Biokovo u razdoblju od 2019. - 2022. godine Petrinjak K., Palenik D., Wacha Biokovo
Technical Specification for Geophysical SurveyLocations: Ida D-1 ﬁ]ﬁ?i‘;z%eragr}c:e
and Ida D-2Sealines: Ida D-1 - Ida D-2 and Ida D-2 - lka AAdriatic Brunovi¢ Dea, Hasan Ozren 2022 Republic of Croatia 006/22
Sea - Offshore CroatiaAAdriatic Sea — Offshore Croatia Spﬁt !
« cr UDRUGA GEOPARK
ZAVRSNO IZVJESCE o radu po navedenom Ugovoru 01.02.2021.— Korbar Tvrtko 2022 VIEKI ARHIPELAG, 008/22
31.01.2022. iz
Komiza
PRACENJE IZDASNOSTI IZVORISTA MALO VRELO - LICKA Stroj Andrej, Rubini¢ Josip, Sari¢ 2022 \,\/&B(Z)Xgil St\)—o 009/22
JESENICA ZAVRSNI IZVJESTAJ Ivana, Briski Maja, Radisi¢ Maja Ogulin e
Tehni¢ko-ekonomska analiza koristenja podzemnih voda za Hrvatska Lutriia
potrebe dizalica topline voda-voda na lokaciji nove poslovne Borovi¢ Stasa, Urumovic Kosta 2022 doo ) 011/22
zgrade Hrvatske Lutrije u Novom Zagrebu o
Geoloski - inzenjerskogeoloski istrazni radovi za potrebe izrade CONTERA d.oo
elaborata o geomehanickim uvjetima sanacije na lokaciji utvrde ~ Misur Ivan 2022 o 017/22
P Zadar
Trosenj (NP Krka)
Izvjestaj o mineralosko petrografskim analizama za potrebe . T TEGRA d.o.0.,
TEGRA d.0.0, Cakovec Belak Mirko, Grizelj Anita 2022 Cakovec 018/22
Mineraloske analize uzorakaza utvrdivanje minerlane sirovine
s privremenih deponija uz buducu trasu autoceste Istarskog llijani¢ Nikolina 2022 Mineralne sirovine 024/22
ipsilona
;A)r('nslljl?a 7 krutih uzoraka PAA1-PAA7 na prisutnost azbesta (PLM lljani¢ Nikolina 2022 ANT d.0., Zagreb 025/22
& s 5 Gizdavec Nikola, llijani¢ Niko-
IZVIESCE O PRETHO“DNIM RADOVIMA NA LEZISTU KREMENOG lina, Kovacevi¢ Galovic Erli, 2022  DRINUS d.o.o. 030/22
PIJESKA ,BRANESCI »
Copic¢ Marko
IZVJESCE O PRETHODNIM RADOVIMA NA LEZISTU KREMENOG  Cizdavec Nikola, lljani¢ Niko-
Y lina, Kovacevi¢ Galovi¢ Erli, 2022 DRINUS d.o.o. 031/22
PIJESKA ,NOVO SELO L,
Copic¢ Marko
5 Gizdavec Nlkola, llijani¢ Niko-
IZVIESCE O PRET,',-'ODNIM RADOVIMA NA LEZISTU KREMENOG lina, Kovacevi¢ Galovic Erli, 2022  DRINUS d.o.o. 032/22
PIJESKA ,VRANIC L
Copic¢ Marko
sy . . - . Archeolab, Obrt za
Izv@sce sedimentolosko-petrografske |.r31|kropaleo.ntoloske Fucek Ladislav 2022 tehnicke analize, 037/22
analize dva uzorka kamena (tessere anti¢ckog mozaika) Pula
Izvje$ce za prvu godinu istrazivanja 2021/2022 - Usluge izrade Brei¢ Vlatko, Fucek Ladislav, Javr.na usta.nova
. - R . P, 2022 Nacionalni park 041/22
geoloske karte Nacionalnog parka Plitvicka jezera Palenik Damir, Trinajsti¢ Nina ISR
Plitvicka jezera
Izvjestaj o provedenoj analizi zeljeza (Fe) prema ponudi br Cai¢ Jankovié Ana 2022 G§ MINERALS, 042/22
2003/22 Rijeka
Elaborat o rezultatima mineralosko-petrografskih i geokemijskih E:;;:j;:;\i/r';/'\,\r)ﬁaéxla\;g:cevm Geotehni¢ki studio
analiza uzoraka stijena iz jezgara dubokih i plitkih busotina ! ! 2022 " 043/22

Cerkezovac (PB-1, PB-2, PB-3 i PB-4)

Sparica Miko Martina, Wacha
Lara

Zagreb
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Usluga definiranja postojeceg stanja korita rijeke Licka Jesenica

Datum
izdavanja

Dodatno polje 4

Ministarstvo gosp-

Signatura

u zoni pod utjecajem umjetnih betonskih pregrada Stroj Andrej, Briski Maja 2022 odarsta i odrzivog 048/22

razvoja
. Y . . TPA za odrzavanje

Mlnveralos.ka ane?hza .d}/a prasﬂ(asta uzorka za potrebe TPA za Martincevi¢ Lazar Jasmina 2022 kvaliteta i inovacija 053/22

odrzavanje kvaliete i inovacije d.o.o. doo

Analiza krutog uzorka PAA 07 na prisutnost azbesta metodom lljani¢ Nikolina 2022 ANT doo.. 054/22

PLM, XRD
TPA za odrzavanje

Mineraloske XRD analize praskastih uzoraka iz EP Kikovica llijani¢ Nikolina 2022 kvaliteta i inovacija 055/22
d.o.o.

Iz.\./Jesce o anallzarrla doda.tn|t1.!ezgarav|.z.b’l,.150t|na u zapadnom Fuc.e,k I_.adlslav, Palenik Damir, 2022 Kamen d.d,, Pazin 057/22

dijelu zone potencijalnosti lezista “Mocilje Beli¢ Nikola

IZVJgstaJ -volna luka Dlvque |vo.Jna Iu.ka Meja"- Snimanje pod- Brunovi¢ Dea 2022 Hr.v.atsl.(l hldrograf— 058/22

morja geolosko-strukturnim dubinomjerom ski institut, Split

Sedimentolosko-petrografske i mikropaleontoloske analize dva . . .

uzorka kamena (uzorak 1. MOMJAN, uzorak 2. FRANJEVACKI) Fucek Ladislav, Belak Mirko 2022 Archeolab 059/22

§ed|mentolosko—petrografsk_evanallze i mlkropaleontoloske ana- ook Ladislav 2022 Archeolab 060/22

lize dva uzorka kamena s antickog mozaika u gradu Krku

Nast?xak h|d.r(.)geoloskc.>g : 'hldr.olosko.g rnomronpga na podruqu Larva Ozren, Rubini¢ Josip, Mraz Zagorski vodovod,

Ivanscice, s ciljem definiranja bilance i dinamike istjecanja - 2022 061/22

. Vinko Zabok

podzemnih voda

Nastavak hidrogeoloskog i hidroloskog monitoringa na podrucju ’

Ivanscice, s ciljem definiranje bilance i dinamike istjecanja Larva Ozren 2022 é:gg[(skl vodovod, 062/22

podzemnih voda - zavrino izvjesce

Izvjesce petrografske analize granitoidnog kamena Belak Mirko 2022 }/ée;tgcenja Mazija 067/22

Izwgsce - Sedlmentolosko-.petrografske i mikropaleontoloske Fucek Ladislav 2022 MarLab d.o.0. 069/22

analize uzorka kamena (Kringa)

Sed|mentolosko-pet.rogffaf.ske i mikropaleontoloske analize Fucek Ladislav 2022 Marlab d.o.o. 070/22

uzorka kamena (Mali LoSinj)

Terenski geoloski radovi kod geofizi¢kih istrazivanja na dvije Hrvatski hidrograf-

loakcije 1500%1500m, te dvije trase duZine 2,8km i 7,3km - sve na  Brunovi¢ Dea 2022 R 9 072/22

g ski institut, Split

podrugju sjevernog Jadrana

Stu.dua ° mogucpvostl.ma pronalazwenja geoltermalnevogle za Borovi¢ Stasa 2022  MKPd.o.o. 073/22

polivalentno koristenje na podru¢ju Lovreca Sela (k.o. Cret)

Analiza krutog uzorka,Ll 1” na prisutnost azbesta metodom lljani Nikolina 2022 ANT d.o.o. 074-22

PLM, XRD

Izvje$ce snimanja, obrade i analize MT tocaka Borovi¢ Stasa 2022 GeotermiKA d.o.0, 076/22
Karlovac

. Lt pens . P . - Toplice Sveti Martin

Hidrogeoloski istrazni radovi na busotini SM-1/14 Markovi¢ Tamara, Karlovi¢ Igor 2022 d.0.0 078/22

Obrada geoloskih profila i izrada karte anomalija na dvije Hrvatski hidroaraf-

lokacije 1500*1500 m, te dvije trase duzine 2,8 kmi 7,3 km - sve  Brunovi¢ Dea 2022 ski institut 9 080/22

na podrugju sjevernog Jadrana

Hidrogeoloski elaborat zdenaca EZ-1 i UZ-1 Pe$cenica Urumovi¢ Kosta 2022 BUNARI MIHALIC 082/22

d.o.o.
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GODSNJE I1ZVJESCEE 2022.

Igor Karlovic

Datum obrane disertacije: 14. srpnja 2022.

Naslov disertacije: Podrijetlo, ponasanje i modeliranje tran-
sporta nitrata u varazdinskom vodonosniku

Fakultet na kojem je obranjena disertacija: Rudarsko-ge-
olosko-naftni fakultet Sveucilista u Zagrebu

Mentor: dr. sc. Kristijan Posavec, redoviti profesor u trajnom
izboru (RGNF)

Zavod u kojem je zaposlen: Zavod za hidrogeologiju i inze-
njersku geologiju

Radi boljeg razumijevanja raspodijele nitrata u podzemnoj vo-
diiformuliranja strategija upravljanja za zastitu kakvoce pod-
zemne vode, istraZeni su podrijetlo, ponasanje i transport ni-
trata u varazdinskom vodonosniku. Analize karata
ekvipotencijala pokazuju da se vodonosnik napaja iz rijeke
Drave i akumulacijskog jezera, $to je potvrdeno stabilnim izo-
topima vode te kvantificirano analizom vodne bilance. Nitrifi-
kacija je glavni proces transformacije dusika, dok se denitrifi-
kacija moze dogoditi lokalno, bez znacajnog utjecaja u
regionalnom mjerilu. Model mijeSanja izotopa pokazuje da je

To gain a better understanding of nitrate distribution in
groundwater and develop management strategies for pro-
tecting groundwater quality, the origin, fate and transport
of nitrate in the Varazdin aquifer were investigated. Head
contour maps indicate that the aquifer is recharged from the
Drava River and accumulation lake, as confirmed by stable
water isotopes and water budget analysis. Nitrification is the
main nitrogen transformation process, while denitrification
occurs locally without a significant impact on a regional
scale.

Distribucija nitrata u 2020. godini i simulirana distribucija nitrata u 2040. godini

Nitrate distribution in year 2020 and simulated nitrate distribution in year 2040

HRVATSKI GEOLOSKI INSTITUT



organsko gnojivo glavni izvor nitrata u poljoprivrednim, ot-
padne vode u urbanim te organski dusik iz tla u prirodnim po-
drugjima. Simulacije modela te¢enja podzemne voda i trans-
porta nitrata predvidaju nastavak silaznog trenda
koncentracija nitrata u srediSnjem dijelu i stabilno niske kon-
centracije nitrata u sjevernom dijelu modela. Rezultati mode-
liranja pokazuju da je upravljanje poljoprivrednim aktivnosti-
ma kljuéno za postupno smanjenje oneci¢enja nitratima u
varazdinskom vodonosniku, no potrebna su desetlje¢a da kon-
centracije nitrata u podzemnoj vodi reagiraju na promjene u
unosu dusika s povrsine.

ma.sl

150

100
3[2% 2
%3000,
N e,

The isotope mixing model revealed that manure is the pri-
mary nitrate source in agricultural areas, wastewater in urban
areas and soil organic N in the natural group. Groundwater
flow and nitrate transport model simulations predict a con-
tinued downward trend of nitrate concentrations in the cen-
tral part of the model and steady low nitrate concentrations
in the northern part.

The modelling results demonstrate that managing agricul-
tural practices is crucial to gradually reducing nitrate con-
tamination in the Varazdin aquifer. However, it may take dec-
ades for nitrate concentrations in groundwater to respond
to changes in nitrogen input from the surface.

upper aquifer

semiparmeable interlayer

lower aquifer

.

5:4%

Trodimenzionalni model varazdinskog vodonosnika

Three-dimensional model of the Varazdin aquifer
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Vodoopskrbni izvor Pizdica na otoku Visu, na kontaktu vulkanita komiskog dijapira i karbonata (foto J. Terzic)
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+385 16160 738
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+385 16160 727
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Marko Copic mcopic@hgi-cgs.hr +38516160 756 Zavod za mineralne sirovine
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+38516160 812
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Radovan Filjak
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+385 16160 702

Zavod za geologiju

Tea Fluksi

tfluksi@hgi-cgs.hr

+38516160 786

Strucne sluzbe

dr.sc. Tihomir Frangen

tfrangen@hgi-cgs.hr

+385 16160812

Zavod za hidrogeologiju i inZenjersku geologiju

Ksenija Frbezar

kfrbezar@hgi-cgs.hr

+38516160 783

Zavod za hidrogeologiju i inZenjersku geologiju

Ladislav Fu¢ek

[fucek@hgi-cgs.hr

+38516160716

Zavod za geologiju

Damir Galovi¢

dgalovic@hgi-cgs.hr
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+38516160 723
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Nikola Gizdavec
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dr.sc. Ton¢i Grgasovi¢
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+385 16160 805

Zavod za geologiju

dr.sc. Anita Grizelj

agrizelj@hgi-cgs.hr
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Zavod za geologiju

dr.sc. Vlatko Gulam

vgulam@hgi-cgs.hr

+385 16160 701

Zavod za hidrogeologiju i inZenjersku geologiju

Bozica Habek bhabek@hgi-cgs.hr +38516160 803 Stru¢ne sluzbe

dr.sc. Valentina Hajek Tadesse tadesse@hgi-cgs.hr +38516160811 Zavod za geologiju

dr.sc. Ozren Hasan ohasan@hgi-cgs.hr +385 16160 746 Zavod za mineralne sirovine
Nina Hecej nhecej@hgi-cgs.hr +385 16160 762 Zavod za geologiju

Ana Maria Heski aheski@hgi-cgs.hr +38516160 821 Zavod za mineralne sirovine
dr.sc. Marija Horvat mhorvat@hgi-cgs.hr +385 16160 762 Zavod za geologiju

drsc. Nikolina llijani¢ nilijanic@hgi-cgs.hr +38516160 745 Zavod za mineralne sirovine
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