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Cilj ovog projekta je multidisciplinarno istraživanje trijaskih na-
slaga Hrvatske, posebno naslaga srednjeg trijasa, doba velikih 
geoloških promjena. Ranija istraživanja lokaliteta u sjevernoj 
Hrvatskoj (Žumberak, Medvednica, Ivanščica) bila su uspješna 
i pokazala su vulkanogeno-sedimentni slijed spuštenih bloko-
va kontinentalnog ruba te razbijene nekompletne ofiolitne ba-
zenske sekvencije, no zbog složenih tektonskih odnosa u tom 
području težište istraživanja je premješteno u južnu Hrvatsku 
(Lika, Velebit), gdje se kao najperspektivnije pokazalo područ-
je Donjeg Pazarišta. Naslage srednjeg trijasa na ovom područ-
ju pokazuju razvoj facijesa intraplatformnog bazena, padine i 

Glavni istraživač / Principal investigator: Dr. sc. Tonći Grgasović 
tonci.grgasovic@hgi-cgs.hr

Stratigrafska evolucija trijasa Hrvatske
Stratigraphic Evolution of the Triassic in Croatia

The goal of this project is multidisciplinary research of Triassic 
rocks of Croatia, particularly the sedimentary rocks of the Middle 
Triassic, a period of major geological changes. Earlier investigati-
ons on localities in north Croatia (Žumberak, Medvednica and 
Ivanščica Mts) have been successful and shown the existence of 
a volcanic-sedimentary succession of subsided blocks at the con-
tinental margin and broken, incomplete ophiolitic basin sequen-
ces. However, due to complex tectonic relationships in that area, 
the focus of investigation was transferred to south Croatia (Lika, 
Velebit) or, more precisely, the area of Donje Pazarište, the most 
promising location. Sedimentary rocks from the Middle Triassic 

Glavni dolomit, stromatolitni dolomiti – Velika Plana, Donje 
Pazarište, gornji trijas. za pozadinu.

Main dolomite, stromatolite dolomites – Velika Plana, Donje Pazarište, 
Upper Triassic.

Tamni tufitični klastiti – Popovača, Donje Pazarište, ladinik.

Dark tuffite clastic rocks – Popovača, Donje Pazarište, Ladinian.
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ruba platforme. Prisutno je nekoliko zona piroklastičnih stije-
na, a u donjem dijelu naslaga izdvojena je zona bazalta s po-
javama piroklastičnih breča. Izdvojeno je deset neformalnih 
litostratigrafskih jedinica koje su karakteristične za pojedine 
facijese. Uz snimanje geoloških stupova i profila, obavljeno je 
geološko kartiranje čitavog područja u svrhu detaljne analize 
paleookoliša i njihovih bočnih i vertikalnih odnosa. Prikupljen 
je bogat paleontološki materijal (vapnenačke alge, foramini-
fere, palinomorfe, konodonti, radiolarije) koji omogućuje de-
taljnu korelaciju istraživanih naslaga. Obavljena su i detaljna 
geokemijska istraživanja.

U 2012. je dovršeno geološko kartiranje područja Donjeg Pa-
zarišta, uz uzorkovanje duž geoloških profila. U izradi je neko-
liko znanstvenih radova na temelju materijala prikupljenog u 
ranijem razdoblju. Za 2013. se predviđa završetak projekta uz 
manja terenska istraživanja.

in this area show development of an intraplatform basin, slope, 
platform margin, and facies. There are several zones of pyroclastic 
rocks. In the lower part of the deposits, there is a basalt zone with 
occurrences of pyroclastic breccia. Ten informal lithostratigraphic 
units have been separated as characteristic for individual facies. 
In addition to the measurement of geological columns and pro-
files, the whole area was geologically mapped with the purpose 
of detailed analysis of the palaeoenvironments and their lateral 
and vertical relationships. Rich fossil material was collected (lime-
stone algae, foraminifera, paynomorphs, conodonts, radiolarian), 
which enabled detailed correlation of the investigated deposits. 
Detailed geochemical investigations were also carried out.

In 2012, geological mapping of the area of Donje Pazarište was 
brought to an end, and the geologic profiles were sampled. Cu-
rrently a number of scientific papers are being prepared based 
on material gathered during the previous period. For 2013, clo-
sing of the project is anticipated, with only minor field investiga-
tions.

Debelo uslojeni platformni vapnenci – Debeljak, Donje Pazarište, ladinik.

Thick bedded platform limestones – Debeljak, Donje Pazarište, Ladinian.

Proslojci sitnozrnastih klastita unutar dolomita – bazalni dio Glavnog 
dolomita, gornji trijas.

Intercalations of fine-grained clastic rocks within dolomites – basal portion of 
the Main dolomite, Upper Triassic.
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U okviru studije „Geological study Konavle (South Adriatic on 
shore)“, provedena su naftnogeološka istraživanja najjugoistoč-
nijeg kopnenog dijela Republike Hrvatske – Konavala. U ovom 
pojasu analizirane su gornjojurske naslage raspona oksford-ki-
meridž sa ciljem definiranja litostratigrafskih, biostratigrafskih 
i strukturnih odnosa. 

Bitna značajka gornjojurskih okoliša je taloženje karbonatnih 
naslaga u ambijentu s pučinskim obilježjima unutar Jadranske 
karbonatne platforme. To su prostrani niskoenergijski potpli-
mni okoliši, najvećim dijelom ispod baze olujnih valova u koji-
ma prevladavaju bentički plitkomorski organizmi s dominaci-
jom foraminifera nubekularijskog tipa i dazikladalnih alga. 
Palinofacijesne asocijacije sastavljene su gotovo u cijelosti od 
marinske, umjereno do dobro očuvane fluoroscentne amorfne 
organske tvari različitog biološkog podrijetla (planktonske ze-

Glavni istraživač / Principal investigator: Dr. sc. Božo PRTOLJAN 
bprtoljan@hgi-cgs.hr

Geološka studija Konavle
Geological Study Konavle 

The study “Geological study Konavle (South Adriatic on shore)” 
includes oil-geology research on the southeasternmost conti-
nental part of the Republic of Croatia – the Konavle area. In this 
zone, Upper Jurassic sedimentary rocks ranging between the 
Oxfordian and Kimmeridgian are analysed with the purpose of 
defining lithostratigraphic, biostratigraphic and structural relati-
onships.

An essential feature of the Upper Jurassic environments is the 
deposition of carbonate rocks with cave attributes occupying the 
Adriatic carbonate platform. These are extensive low-energy su-
btidal paleoenvironments for the most part below the base of 
storm waves, wherein benthic shallow sea organisms prevail, wi-
th a dominance of nubecularian-type foraminifera and dasycla-
dacean algae. Palynofacies associations are composed almost en-
tirely of marine, medium-to-well–preserved fluorescent 
amorphous organic matter of diverse biological origin (plankton 
green algae, phytoplankton, cyanobacteria, zooplankton, ma-
crophyte plants, fecal pellets). Analyses of the biologic origin and 
qualitative assessment of lipoide components lead to the con-
clusion that the organic matter conforms to type II kerogen and 
possibly type I/II kerogen under conditions protected from se-
condary degradation processes. Moreover, kerogen contains a 
small quantity of sulfur with respect to the dysoxic depositional 
environment. From the standpoint of the palynological method 
of determination of the type and relative generative potential, 
the kerogen of Upper Jurassic facies of Konavle has good gas and 
oil generative potential, especially considering that only the rock 
samples from the surface have been analysed. In particular, the 
optical properties of fluorescence and transmitted light show 
that the thermal maturity of the kerogen in the analysed samples 
has a range VRo of approximately 0.3–0.6%. Because alterations of 
kerogen due to thermal or postdiagenetic degradation are irre-
versible and processes of re-sedimentation in these facies were 
not registered, the best preserved part of the kerogen indicates 
that the actual record of the thermal threshold has a range of 
approximately 0.3-0.4%. By contrast, organic chemical investiga-

Pterospermella sp.

Barbatacysta sp.
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lene alge, fitoplankton, cijanobakterije, 
zooplankton, makrofita, fekalni peleti). 
Analize biološkog podrijetla i kvalitativna 
procjena lipoidnih komponenti navode 
na zaključak da organska tvar odgovara 
kerogenu tipa II, možebitno i kerogenu 
tipa I/II u uvjetima zaštićenim od sekun-
darnih degradacijskih procesa. Što više, 
kerogen sadrži malu količinu sumpora s 
obzirom na disoksični ambijent taloženja. 
Sa stajališta palinološke metode određi-
vanja tipa i relativnog generativnog po-
tencijala, kerogen gornjojurskih facijesa 
Konavala ima dobar generativni potenci-
jal nafte i plina, posebno s obzirom na či-
njenicu da su analizirani samo površinski 
uzorci stijena. Naime, optičke značajke u 
fluorescentnom i prolaznom svjetlu, po-
kazuju da je termička zrelost kerogena 
analiziranih uzoraka u rasponu VRo ~ 0,3-
0,6%. Kako su promjene kerogena termič-
kom ili postdijagenetskom degradacijom ireverzibilni, a unutar 
ovih facijesa nisu zapaženi procesi pretaložavanja, tako najbo-
lje očuvani udjel kerogena pokazuje stvarni zapis termičkog 
ranga koji se kreće u rasponu ~ 0,3-0,4%. Nasuprot ovome, or-
ganskogeokemijskim istraživanjima pokazalo se da naslage od 
donjeg dijela oksforda do kraja kimeridža nose razmjerno nizak 
sadržaj organske tvari i sukladno tome nemaju značajan naftni 
potencijal (Corg=0,03 do 0,15%). No sudeći po uniformnom slije-
du strukturnih tipova vapnenaca, pretpostavljamo da kroz ci-
jeli oksford perzistira proizvodnja karbonatnog sedimenta koju 
prati subsidencija platforme, ali i globalni porast morske razine. 
Štoviše, i tijekom kimeridža taloženje sedimenata odvija se u 
okolišu intraplatformnih korita, ali pod značajnim utjecajem 
vulkanske aktivnosti. Kako je unutar ovih naslaga organska tvar 
umjereno do dobro očuvana, klasificirana kao kerogen tip II, 
dobrog generativnog potencijala logično je za očekivati da sti-
jene koje se nalaze u podzemlju ili zaštićenim okruženjima ima-
ju naftnogeno-generativna svojstva bolja od analiziranih povr-
šinskih uzoraka. Pored toga treba imati na umu i činjenicu, 
koja proizlazi iz paleodinamske rekonstrukcije. Naime naslage 
danas prisutne na površini Konavala paleoambijentalno su pri-
padale jugozapadnom dijelu Jadranske karbonatne platforme, 
a istovremeni rubnoplatformni i pripadajući bazenski pojasevi 
danas su dijelom konzumirani konvergencijom ploča ili se s 
druge strane još uvijek nalaze u pučinskom (podmorskom) di-
jelu Jadrana. 

tions have shown that the beds between the lower part of the 
Oxfordian and the end of Kimmeridgian contain relatively low 
contents of organic matter and, accordingly, are devoid of any 
significant oil potential (Corg=0.03 do 0.15%). However, judging 
from the uniform succession of structural types of limestone, we 
suppose that through the entire Oxfordian, a production of car-
bonate sediment persists accompanied by platform subsidence 
and a global rise in the sea level. Moreover, during the Kimmerid-
gian, deposition is also present in the intraplatform trough envi-
ronments, but it is considerably influenced by volcanic activity. 
Because the organic matter within these sediments is well pre-
served and classified as type II kerogen with good generative po-
tential, it is logical to suppose that the rocks not exposed on the 
surface, or those found in protected environments, have oil-ge-
nerating properties better than analysed surface samples. In ad-
dition, the issuing form of palaeodynamic reconstruction must 
be remembered. Namely, sedimentary rocks recently exposed on 
the surface of the Konavle paleoenvironmentally belonged to the 
southwest part of the Adriatic carbonate platform, whereas the 
simultaneous zones of the platform rim and associated basins are 
nowadays either partly consumed due to plate convergence or 
still in the open (abyssal) part of the Adriatic Sea.

Leiosphaeridia sp.

Amorfna organska tvar cijanobakterijskog podrijetla.
Amorphous organic matter of cynobacterial origin.
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Tijekom 2012. odobren je SNAP-SEE transnacionalni EU projekt 
u kojem Zavod za mineralne sirovine sudjeluje kao partnerska 
institucija. U projekt je uključeno 27 partnera iz Austrije, Alba-
nije, Bosne i Hercegovine, Crne Gore, Grčke, Italije, Hrvatske, 
Slovenije, Srbije, Rumunjske i Turske. Vodeći partner u projek-
tu je Sveučilište iz Leobena (Austrija) , a voditelj je prof. Guenter 
Tiess. Provedba projekta trajat će od kolovoza 2012. do rujna 
2014. Zavod će u projektu na raspolaganju imati 80.000,00 eu-
ra. Ovo je ujedno i treći transnacionalni projekt u kojemu Za-
vod sudjeluje u sklopu Programa Jugoistočna Europa (SEE). Od 
hrvatskih partnera u ovaj projekt uključena je i Agencija za za-
štitu okoliša. U Sveučilištu u Leobenu (Montan Universitat) po-
četkom studenoga 2012. održan je pripremni sastanak projek-
ta (Kick off meeting). Na radnom sastanku su dogovoreni 

Koordinator za HGI-CGS / Coordinator at HGI-CGS: Dr. sc. Slobodan MIKO 
slobodan.miko@hgi-cgs.hr
http://www.snapsee.eu

„SNAP-SEE“ projekt: održivo planiranje kamenih  
agregata u Jugoistočnoj Europi 
„SNAP-SEE“ Project: Sustainable Aggregates Planning 
in South East Europe

In 2012, the SNAP-SEE transnational EU project was approved. The 
Department of mineral resources serves as a partner institution. 
The project includes 27 partners from Austria, Albania, Bosnia and 
Herzegovina, Montenegro, Greece, Italy, Croatia, Slovenia, Serbia, 
Romania and Turkey. The leading partner in the project is the Uni-
versity of Leoben (Austria), and the head of the project is Prof. 
Günter Tiess. The project will occur from August 2012 through 
September 2014, and the Department will have at its disposal 
80,000 euros. This is the third transnational project that the De-
partment has taken part in within the framework of the Program 
of Southeast Europe (SEE). The Croatian partners on this project 
include the Croatian Environment Agency. An introductory mee-
ting was held in the University of Leoben (Montan Universität) at 
the beginning of November, 2012 (Kick off meeting). Details on 

Sveučilište u Leobenu (Montan Universitat): 
pripremni sastanak projekta(Kick off meeting), 
na slici (sredina) voditelji projekta Guenter Tiess i 
Deborah Shields.

University of Leoben (Montan Universität): 
introductory meeting of the project (Kick off 
meeting), in the picture (middle) are heads of the 
project Günter Tiess and Deborah Shields.
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detalji provedbe projekta, odnosno smjernice za izradu alata, 
akcijskih planova i određivanja pilot aktivnosti, a koji će biti je-
dan od rezultata projekta.

Sažetak projekta:

POZADINA / STRUKTURA

Osigurati održivu opskrbu agregatima važan je izazov zbog 
gospodarske važnosti, te potencijalnog utjecaja na okoliš i 
društvo uslijed njihove proizvodnje. SNAP-SEE projekt je 
usmjeren na razvoj i širenje alata za planiranje upravlja-
nja agregatima u jugoistočnoj Europi (JIE). Temelji se na 
rezultatima projekta Održivog gospodarenja kamenim agre-
gatima (SARMa). 

Zbog regionalnih razlika u povijesnom razvoju, postoje 
različiti pristupi politikama za agregate, planiranja i uprav-
ljanja u JIE, koji sprječavaju gospodarski razvoj i učinkovi-
tost resursa u regiji. Osnovne razlike su:

• �Razlike između politika za mineralne sirovine;

• �Politike i planovi za agregate su podijeljeni na mnogo 
različitih pravnih akata, otežavajući tako koordinaciju i 
temeljito razumijevanje;

• �Institucije (vlast) u državama JIE nemaju razumijevanje za 
kako održivo gospodarenje kamenim agregatima (SARM) 
tako i za planiranje održivog snabdijevanja (SSM);

• �Ovdje gotovo potpuno izostaje koordinacija planiranja 
opskrbe agregatima iz primarnih i sekundarnih izvora.

the project implementations were then agreed upon. Directions 
concerning tool making, plan actions, and pilot activity were de-
fined during the work meeting.

Project summary:

BACKGROUND/ STRUCTURE

Providing a sustainable supply of aggregates is a considerable 
challenge because of the industrial importance and potential im-
pact on the environment and society due to their production. 
The SNAP-SEE project is directed towards the development and 
dissemination of tools for aggregate management planning in 
southeast Europe (SEE). It is based on the results of the project 
“Sustainable aggregates resource management (SARMa)”.

Zemlje partneri.

The project partnership countries.

Partnerske institucije.

Partnership institutions.
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IZAZOVI

Identificirani problemi su nedostatak:

• �Koordiniranog planiranja nacionalne/regionalne opskr-
be agregatima koje se bavi interakcijama između sekto-
ra i osigurava dosljednost dokumenata;

• �Integriranog planiranja za primarne i sekundarne agre-
gate, koje se bavi učinkovitošću resursa;

• �Kapaciteta i sposobnosti za rješavanje prethodna dva 
problema;

• �Angažiranja dionika i procesa savjetovanja kako bi se 
osiguralo planirano rješavanje problema i potreba svih 
ciljanih skupina.

GLAVNI CILJEVI

Osnovni cilj je razviti alatni okvir za planiranje agregata kako 
bi se podržalo nacionalno/regionalno, primarno i sekundarno 
planiranje agregata u državama JIE, koji će sadržavati:

• �SNAP-SEE viziju za prijelaz na integrirano i opsežno odr-
živo planiranje agregata u državama JIE;

• �Priručnik o izgradnji kapaciteta i savjetovanja s dionicima;

• �Priručnik s podatcima i metodama analiza;

• �Shemu planiranja agregata s modulima planiranja koji 
će sjediniti načela, pristupe i aktivnosti potrebne za po-
stizanje ciljeva Vizije.

Due to regional differences in historical development, there are 
various approaches to aggregate politics, planning, and manage-
ment in SEE, which prevent industrial development and efficacy 
of resources in the region. The fundamental differences are as fo-
llows:

• �Differences between mineral resource politics;

• �Politics and plans for aggregates are divided into many di-
fferent legal acts, which frustrate coordination and funda-
mental understanding;

• �Institutions (governments) in SEE countries lack apprecia-
tion for both sustainable aggregate resource manage-
ment (SARM) and sustainable supply planning;

• �There is an almost complete absence of coordination in 
sustainable supply planning from primary and secondary 
resources.

CHALLENGES

Identified problems include a lack of the following:

• �Coordinated planning for the national/regional aggregate 
supply, which is engaged in interactions between sectors 
and provides consistency of documents; 

• �Integrated planning for primary and secondary aggregates 
dealing with the efficiency of resources;

• �Capacity and ability to solve the previous two problems;

• �Engagements of stakeholders and a consulting process to 
provide for planned resolution of problems and address 
the needs of all targeted groups.

MAIN GOALS

The main goal is to develop a tool framework for aggregate pla-
nning to support national/regional primary and secondary ag-
gregate planning in the SEE states, which includes the following:

• �A SNAP-SEE vision for the transition to integrated and ca-
pacious sustainable aggregate planning in the SEE coun-
tries;

• �A manual containing data and methods of analysis;

• �A scheme for aggregate planning with modules of pla-
nning that will unify principles, approaches and activities 
needed for the achievement of the vision goals.

Logo projekta.

The project logo.
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Istraživanje ukupnog dušika i organskog ugljika napravljene 
se na arhiviranim uzorcima tala prikupljenim tijekom projekta 
osnovne Geokemijske karte RH, za potrebe Agencije za zaštitu 
okoliša (AZO) sukladno potrebama izvješćivanja prema Inter-
governmental Panel on Climate Change (IPCC) i UNFCCC za kal-
kulaciju zaliha organskog ugljika u tlima Republike Hrvatske. 
AZO je odgovorna za prikupljanje podataka i provedbu poslo-
va izvješćivanja sa ciljem ispunjenja obveza Republike Hrvat-
ske za dostavom podataka sukladno Okvirnoj konvenciji UN-a 
o promjeni klime – UNFCCC (NN-MU 2/1996) i Protokolu iz Kyo-

Ukupni dušik i organski ugljik u tlima Republike 
Hrvatske (za izvješćivanje prema ipcc i unfcc)
Total Nitrogen and Total Carbon in Soils of the Republic 
of Croatia (Reports According to ipcc and unfcc)

Autori teksta / Authors of text: Dr. sc. Slobodan MIKO (slobodan.miko@hgi-cgs.hr), 
Mr. sc. Ozren Hasan, Dr. sc. Martina Šparica Miko, Helena Ćućuzović

The total nitrogen and total organic carbon of archived samples 
collected during the project “The Basic geochemical map of the 
Republic of Croatia” were investigated, meeting the demands of 
the Croatian Environment Agency (AZO) in accordance with the 
reporting requirements template Intergovernmental Panel on Cli-
mate Change (IPCC) and UNFCCC to calculate the reserves of or-
ganic carbon in the soils of the Republic of Croatia. AZO is res-
ponsible for data collection and implementing report activity 
with the purpose of fulfilling commitments of the Republic of 
Croatia concerning data delivery in conformity with the UN Fra-
mework Convention on climate change – UNFCCC (NN-MU 
2/1996) and Kyoto Protocol (NN-MU 5/2007) in the report on the 
inventory of greenhouse gas emissions on the territory of the Re-
public of Croatia (NIR).

Determination of the total nitrogen and total carbon was carried 
out simultaneously using the dry combustion method in a Ther-
mo Flash 2000 Combustion NC Soil analyser according to 
HRN ISO 10694 (2004) and HRN ISO 13878 (2004) protocols in the 
geochemical laboratory of the Department of Mineral Resources 
of HGI-CGS in Zagreb. The results were corrected based on inor-
ganic carbon analyses. Corrections were made for 20% of the 
samples containing measurable quantities of carbon. The obtai-
ned results were treated statistically using the program STATISTI-
CA 7. Because the dry combustion method is recommended in 
all international publications as a more exact method for deter-
mining the total organic carbon in soil samples compared to the 
methods of wet combustion, all samples were analysed additio-
nally according to the aforementioned HRN ISO protocols. The 
total organic carbon determined in this way will be used in furt-
her reports according to the Intergovernmental Panel on Clima-
te Change (IPCC) and UNFCCC. For the purpose of this project, a 

Karta distribucije ukupnog dušika u analiziranim tlima RH.

Distribution map of total nitrogen in analysed soils of RH.
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ta (NN-MU 5/2007) u sklopu Izvješća o inventaru stakleničkih 
plinova na području Republike Hrvatske (NIR).

Određivanje ukupnog ugljika i dušika provedeno je simulta-
no, metodom suhog spaljivanja na Thermo Flash 2000 
Combustion NC Soil analizatoru, prema protokolima HRN 
ISO 10694 (2004) i HRN ISO 13878 (2004) u Geokemijskom la-
boratoriju Zavoda za mineralne sirovine Hrvatskog geološkog 
instituta u Zagrebu. Rezultati su korigirani na temelju kemij-
skih analiza na anorganski ugljik, korekcija je napravljena za 
20% uzoraka koji su sadržavali mjerljive količine karbonata. 
Dobiveni rezultati obrađeni su statističkom analizom koriste-
ći program STATISTICA 7. Budući se u svim međunarodnim 
publikacijama preporučuju suho spaljivanje kao točnija me-
toda odrađivanja organskog ugljika u tlima u odnosu na me-
tode mokrog spaljivanja, svi su uzorci ponovno analizirani u 
sklopu ove studije prema navedenim HRN ISO protokolima. 
Ovako određen ukupni ugljik u tlima bit će korišten za daljnja 
izvještavanja prema Intergovernmental Panel on Climate Chan-
ge (IPCC) i UNFCCC. Za potrebe ovog projekta ukupno je na-
pravljeno 2520 analiza uzoraka tla od kojih je 106 ponovljeno 
i za kontrolu rezultata analiza. Analizirano je ukupno 152 uzor-
ka standarda. Utvrđeno je kako šumska tla u RH sadrže pro-
sječnu zalihu ugljika od 84,76 t C/ha, a poljoprivredna tla 
53,02 t C/ha. Količine dušika niske su u poljoprivrednim tlima 
sjeverne Hrvatske u odnosu na tla razvijena na kršu, što uka-
zuje na slabiju opskrbljenost dušikom i nepovoljan odnos C/N.

total of 2,520 analyses of soil samples were carried out. 106 were 
repeated for quality control. A total of 152 standard samples we-
re analysed. It was determined that the forest soils in RH contain 
average reserves of 84.76 t C/ha of carbon, and agriculture soil 
contains only 53.02 t C/ha. The quantities of nitrogen are low in 
the agriculture soils of northern Croatia compared to soils deve-
loped on karst terrains, indicating a shorter supply of nitrogen 
and unfavourable C/N ratio. 

Karta distribucije omjera C/N u tlima RH.

Distribution map of C/N ratio in analysed RH soils.

Karta distribucije zaliha organskog ugljika u tlima RH.

Distribution map of TOC reserves in analysed RH soils.
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Studija je definirala tzv. „slobodni“ prostor za istraživanje i ek-
sploataciju mineralnih sirovina na kojemu prema zakonskim i 
prostorno-planskim odredbama nema posebnih zahtjeva ko-
rištenja prostora. Služi kao podloga za izradu prostornog plana 
županije u dijelu koji se bavi gospodarenjem mineralnim siro-
vinama. „Slobodni“ prostori za istraživanje i eksploataciju mi-
neralnih sirovina su prikazani kartografski s pripadajućim zo-
nama potencijalnosti M 1:100.000. Baze podataka za ležišta, 
eksploatacijska polja, pojave mineralnih sirovina te geološke 
karte i karte mineralne potencijalnosti oblikovane su u GIS pro-
jekt mineralnih sirovina Primorsko-goranske županije. 

U Primorsko-goranskoj županiji se nalaze 34 eksploatacijska 
polja, što iznosi 5,82% eksploatacijskih polja u Republici Hrvat-
skoj. Tehničko-građevni kamen ima 28 eksploatacijskih polja, 

Rudarsko-geološka studija potencijala  
i gospodarenja mineralnim sirovinama na području 
Primorsko-Goranske županije 
Mining-Geological Study of Potentiality  
and Mineral Resources Management in the Area  
of Primorsko-Goranska County

Autori teksta / Authors of the text: mr. sc. Boris KRUK (boris.kruk@hgi-cgs.hr), Željko DEDIĆ, Ljiljana KRUK, 
dr. sc. Slobodan MIKO, mr. sc. Željko KASTMŰLLER, Erli KOVAČEVIĆ GALOVIĆ

The so-called “free” space for investigation and exploitation of mi-
neral resources, for which, according to legal and spatial planning 
regulations, the special requirements for land use are absent, was 
defined in this study. The study serves as a base for drafting the 
spatial plan of the county dealing with mineral resource mana-
gement. “Free” spaces for investigation and exploitation of mine-
ral resources are represented graphically with associated zones 
of potentiality, scale 1:100,000. Databases containing deposits, 
exploitation fields and the occurrence of mineral resources are 
organised in the form of a GIS project for the mineral resources 
of Primorsko-Goranska County.

Primorsko-Goranska County includes 34 exploitation fields, whi-
ch account for 5.82 % of all exploitation fields in Croatia. Technical 
stone is present in 28 exploitation fields. Dimension stone in on-

Beavec.



58	 HRVATSKI GEOLOŠKI INSTITUT

O
D

A
B

R
A
N

I 
P
R

O
J
E
K
T
I

arhitektonsko-građevni kamen jedno polje, dok su građevinski 
pijesak i šljunak zatupljeni na pet eksploatacijskih polja. Evi-
dentirano je 87 napuštenih ležišta tehničko-građevnog kame-
na, šljunka i pijeska.

Od metala na području županije postoje pojave željezne rude, 
bakra, pojave i manja ležišta boksita i cinabarita (živa), bez eko-

ly present in one field. Sand and gravel, as building commodities, 
can be found in five exploitation fields. 87 abandoned deposits 
of technical stone, sand and gravel are registered.

As far as metals are concerned, there are occurrences of iron and 
copper ore as well as minor deposits and occurrences of bauxite 
and cinnabar (mercury), which are not economically significant. 

Fužinski Benkovac.
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A map of the total geological potential mineral resources of Primorsko-Goranska County
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A map of the limited geological potential mineral resources of Primorsko-Goranska County
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Garica.

nomskog značaja. Od energetskih mineralnih sirovina poten-
cijalnost ugljena ne postoji, a ugljikovodici su već u fazi istra-
živanja u istražnim prostorima Dinaridi 1 i Dinaridi 2. 

Od nemetala geološka („nulta“) i ograničena potencijalnost 
utvrđena je za: 

Vrsta mineralne sirovine
Potencijalnost (km2)

geološka ograničena 

tehničko-građevni kamen 2672,2 1487,5

arhitektonsko-građevni kamen 634,9 280,5

građevni pijesak i šljunak 102,4 21,1

karbonatne sirovine za 
industrijsku preradu 3136,5 1673,9

mineralne sirovine za cementnu 
industriju 122,0 28,4

barit 13,4 5,1

peloidi (ljekovito blato) 3,6 3,6

ukupno potencijalnost (%) 100,0 52,36

In the domain of energy mineral resources, coal is divested of any 
potentiality whatsoever, whereas hydrocarbons are already being 
explored in the research field Dinarides 1 and Dinarides 2.

For non-metallic mineral resources, the geological (“nil”) and limi-
ted potentialities are determined as follows:

Type of mineral resource
Potentiality (km2)

geological limited 
technical stone 2672.2 1487.5
dimension stone 634.9 280.5
sand and gravel 102.4 21.1
carbonate mineral resources for  
industrial processing processing preradu 3136.5 1673.9

mineral resources for cement industry 122.0 28.4
Barite 13.4 5.1
peloids (medical mud) 3.6 3.6
total potentiality (%) 100.0 52.36
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Koordinator za HGI-CGS / Coordinator for HGI-CGS: Željko MIKLIN 
zeljko.miklin@hgi-cgs.hr

Identifikacija rizika i planiranje korištenja zemljišta  
za ublažavanje nepogoda kod odrona zemlje i poplava  
u Hrvatskoj 
Project on Risk Identification and Land-Use Planning for 
Disaster Mitigation of Landslides and Floods in Croatia

Prikaz prostorne distribucije identificiranih klizišta prema avionskim stereo fotografijama iz 1998. (preliminarni rezultati).

Representation of spatial distribution of identified landslides according to aerial photographs from 1998 (preliminary results).
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U protekle dvije godine u okviru Hrvatsko – Japanskog projek-
ta obavljena je većina predradnji predviđenih projektom, in-
stalirana je većina instrumenata na istražnim poligonima, te su 
dobiveni instrumenti i softveri potrebni za analizu podataka. 
Završena je edukacija u Japanu za postdiplomante. Hrvatsko 
rukovodstvo projekta upoznato je s aktivnostima koje japan-
ska strana provodi u Japanu.

U Rijeci je održana druga međunarodna radionica od 15.-17. 
prosinca, 2011. U pripremi je i treća međunarodna radionica 
koja će se održati u Zagrebu od 7.-9. ožujka, 2013., s intencijom 
da radionica postane prvi regionalni simpozij o klizištima u ja-
dransko-balkanskoj regiji. 

Projekt je ušao u završnu fazu tako da su prvi rezultati već vid-
ljivi. Pri kraju je izrada doktorskog rada asistenta L. Podolszkog. 
Jedan od ciljeva doktorskog rada je razvoj metode za identifi-
kaciju klizišta i procjenu relativne opasnosti od klizanja primje-
nom stereoskopske analize avionskih snimaka iz različitih povi-
jesnih razdoblja i primjenom AHP metode prilagođene 
specifičnim inženjerskogeološkim uvjetima na istraživanom 
području. 

Znanstvena novakinja Martinčević sudjeluje na projektu od 
kraja 2010. i sada radi na mineraloškim analizama rendgen-
skim difraktometrom. Stečeno poznavanje rada na XRD-u isko-
ristit će se pri izradi doktorske disertacije. 

Over the last two years, within the framework of the Croatian-Ja-
panese project, the majority of anticipated pre-work has been 
done: most of the instruments have been installed on research 
polygons, and other instruments and software necessary for da-
ta analysis have been acquired. Educating of postgraduates in 
Japan was completed, and the Croatian leadership for the project 
was informed on the activity of the party in Japan.

The second international workshop was held in Rijeka over the 
period between December 15th and 17th 2011. The third wor-
kshop, which will be held in Zagreb between March 7th and 9th 
2013, is being prepared and is to become the first regional sym-
posium on landslides in the Adriatic-Balkan region.

The project has entered the final phase, and the results are alre-
ady visible. The doctoral dissertation of assistant L. Podolszki is 
almost completed. One of the goals of his thesis is to develop a 
method of identification of landslides and assess relative landsli-
de risk using stereoscopic analysis of aerial photographs from va-
rious historical periods and the AHP method adjusted to specific 
engineering-geological conditions in the investigated area.

Junior researcher J. Martinčević has participated in the project 
since the end of 2012 and is currently performing mineralogical 
analyses using an X-ray diffractometer. The acquired knowledge 
on RD will be utilised as she finalises her doctoral dissertation. 

Sudionici II. radionice u Rijeci.

Participants in II workshop in Rijeka.
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Projekt „Hidrogeološka istraživanja hrvatsko – slovenskih pre-
kograničnih vodonosnika (područje od V. Snežnika do prisav-
ske ravnice) – I. faza“	 Zavod za hidrogeologiju i inže-
njersku geologiju napravio je s partnerom Geotehničkim 
fakultetom Sveučilišta u Zagrebu iz Varaždina. Naručitelj pro-
jekta su bile Hrvatske vode.

Hidrogeološka istraživanja hrvatsko – slovenskih 
prekograničnih vodonosnika (područje od V. Snežnika do 
prisavske ravnice) – i. faza
Hydrogeological Investigations of Croatian – Slovenian 
Transboundary Aquifers (Area from V. Snežnik to Prisav-
ske Ravnice) – 1st Phase

Glavni istraživač / Principal investigator: Mladen KUHTA 
mladen.kuhta@hgi-cgs.hr

The project “Hydrogeological investigations of Croatian – Slove-
nian transboundary aquifers (area from Veliki Snežnik to Prisavske 
Ravnice – I phase” was implemented by the Department of Hy-
drogeology and Engineering Geology in cooperation with its par-
tner, the Faculty of Geotechnical Engineering, University of Za-
greb, from Varaždin. The client of the project was Hrvatske Vode.

Izvor Plemenitaš kod 
istoimenog zaselka.

The spring Plemenitaš 
near the village of the 
same name.
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The continental boundary between Croatia and Slovenia is 668 
km long. Drinking water aquifers are found in the boundary area, 
which are important to the water supply of numerous settle-
ments and cities on both sides of the frontier. Protection of the 
quality of underground waters in transboundary aquifers is po-
ssible only if comprehensive and joint research in Croatia and 
Slovenia is undertaken. Only these investigations can contribute 
to better water resources management and further sustainable 
development of transboundary regions. The importance of a jo-
int investigation of transboundary aquifers inside their natural, 
not administrative, borders was recognised by the end of the ni-
neties. The first activity was initiated by 2000. Up to now, two sta-
ges of investigation have been implemented, which include the 
transboundary aquifers in the areas of Trieste and the Kvarner 
Bays, and a third stage is planned for implementation by the end 
of 2014. To maintain the prolongation of research and simultane-
ously fulfill undertaken commitments from the EU Water Fra-
mework Directive as soon as possible, Hrvatske Vode has laun-
ched an extension of hydrogeological research in the area of the 
Croatian-Slovenian boundary on the portion from the Veliki Snež-
nik to the Prisavska Ravnica.  

The main goal of the I. stage in the investigation of the aforemen-
tioned area was to build a hydrogeological database as a fra-
mework for adjusting the water complexes on both sides of the 
border and make a plan for their detailed investigation.

Kopnena granica između Hrvatske i Slovenije duga je 668 km. 
U pograničnom se području nalaze vodonosnici pitkih voda 
značajnih za vodoopskrbu brojnih mjesta i gradova s obje stra-
ne granice. Zaštita kakvoće podzemnih voda u prekograničnim 
vodonosnicima moguća je samo na temelju sveobuhvatnih i 
zajedničkih istraživanja u Hrvatskoj i u Sloveniji. Jedino takva 
istraživanja mogu doprinijeti boljem upravljanju vodnim re-
sursima i daljnjem održivom razvitku pograničnih regija. Zna-
čaj zajedničkih istraživanja prekograničnih vodonosnika unu-
tar njihovih prirodnih, a ne administrativnih granica, prepoznat 
je koncem devedesetih godina. Prve aktivnosti pokrenute su 
2000. Do sada su provedene dvije faze istraživanja prekogra-
ničnih vodonosnika na području između Tršćanskog i Kvarner-
skog zaljeva, a završna III. faza projekta planira se realizirati do 
konca 2014. Kako bi se održao kontinuitet istraživanja, ali ujed-
no i što prije ispunilo obaveze koje proizlaze iz Okvirne direk-
tive o vodama EU, Hrvatske vode su pokrenule nastavak hidro-
geoloških istraživanja na području hrvatsko – slovenske 
granice, ovog puta na dijelu od Velikog Snežnika do prisavske 
ravnice.

Osnovni cilj I. faze istraživanja navedenog područja je bio na-
činiti hidrogeološku bazu podataka kao podlogu za usklađenje 
cjelina podzemne vode s obje strane državne granice, te izdvo-
jiti prekogranične vodonosnike i načiniti plan njihovog detalj-
nog istraživanja.

Izvor Krajnik 
sjeveroistočno od 

Zdihova.

The spring Krajnik 
northeast of Zdihovo.





Publikacije 
Publications4.
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Knjižnica i arhiv Hrvatskog geološkog instituta u 2012. su go-
dini uređeni i dotjerani. Zidovi su svježe prebojani, a parket je 
obnovljen. Tu smo priliku iskoristili kako bismo i napravili novi 
razmještaj pa su neki komadi namještaja izbačeni kako bi se 
dobio veći prostor. 

Dovršeno je popisivanje i uređivanje doktorskih i magistarskih 
radova pa ta zbirka sada broji preko 400 svezaka domaćih i 
stranih doktorskih disertacija i magistarskih radova koji su ko-
risnicima dostupni za posudbu i korištenje.

Ove je godine za knjižnicu nabavljeno 48 knjiga i preko 350 
sveščića časopisa. Knjige su uglavnom nabavljane kupnjom ili 
dobivene na dar, a časopisi kao zamjena za Geologiu Croaticu, 
koja je i ove godine izdana u tri broja. Knjižnica je, naravno, ne-
ke tražene članke našla i preko međuknjižnične posudbe, što 
je vrlo učinkovit način suradnje sa srodnim knjižnicama.

Voditeljica knjižnice / Head of the Library: Tea FLUKSI, prof. 
tel. (+385 1) 6160 786
fax. (+385 1) 6144 718
e-mail: tfluksi@hgi-cgs.hr

Knjižnica Hrvatskog geološkog instituta 
Library of the Hgi-Cgs

The library and archive of HGI-CGS were rearranged and polished 
in 2012. The walls have been freshly painted and the parquet is 
refurbished. We took the opportunity to redesign the layout. So-
me new pieces of furniture were purchased, and the space beca-
me larger.

The doctoral and bachelor theses were inventoried and edited. 
They are currently available for lending and use.

This year, the library acquired 48 books and over 350 journal issu-
es. The books were mainly purchased or acquired as gifts, where-
as the journals were obtained in exchange for Geologia Croatica; 
this year, three issues were published, as before. Of course, the li-
brary acquired some papers through the interlibrary exchange, 
which is a very efficient mode of cooperation with similar libraries.
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Geologia Croatica je znanstveni časopis Hrvatskog geološkog 
instituta (HGI) i Hrvatskog geološkog društva (HGD) koji objav-
ljuje radove iz svih područja geoznanosti. Članci su na engle-
skom jeziku i međunarodno recenzirani, a zaprimaju se elek-
tronski preko sustava OJS (Open Journal System). Sve 
informacije o časopisu mogu se dobiti na mrežnoj stranici ča-
sopisa: www.geologia-croatica.hr

U 2012. godini redovito su tiskana tri sveska: 65/1, 65/2 i 65/3. 
Na 446 stranica objavljeno je 30 znanstvenih radova i In Me-
moriam akademiku Stjepanu Šćavničaru (1923.-2011.). 

Od djelatnika HGI, njih sedamnaest su koautori na 8 original-
nih znanstvenih radova objavljenih u 2012. 

Tiskan je i poseban broj 65/Suppl.1 posvećen 95. rođendanu 
akademika, prof. dr. Milana Heraka. U ovom posebnom broju 
otisnut je rad akademika Milana Heraka A generalized “southern” 
review of the tectonogenetic relationships of the “Dinarides” and 

Geologia Croatica is a scientific journal of the Croatian Geological 
Survey (HGI-CGS) and Croatian Geological Society (HGI) that pu-
blish papers from all fields of geoscience. Papers are published in 
English; they undergo international peer review and are submi-
tted online through OJS (Open journal system). All information 
on the journal can be obtained from the website of the journal: 
www.geologia-croatica.hr

Three issues are regularly published; in 2012, they were  65/1, 65/2 
and 65/3. On 446 pages, 30 scientific works are published, inclu-
ding “In Memoriam” for academician Stjepan Šćavnićar (1923-
2011).

Seventeen employees of HGI-CGS participated as coauthors on 
8 original scientific papers published in 2012.

A special issue, 65/Suppl.1, was also published dedicated to the 
birthday of academician Prof. Dr. Milan Herak. His paper A gene-
ralised “southern” review of the tectonogenetic relationships of 

Tehnički urednik / Technical editor: Dr. sc. Marija HORVAT 
marija.horvat@hgi-cgs.hr 

Znanstveni časopis Geologia Croatica
Scientific Journal Geologia Croatica
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“Alpides” i reprint dva njegova rada: Com-
parative study of some Triassic Dasyclada-
ceae in Yugoslavia (1965) i Tecto-genetic 
approach to the classification of karst 
terrains (1977). Uvodnu riječ napisali su 
akademici prof. dr. Ivan Gušić i prof. dr. 
Mladen Juračić. Prof. dr. Zvonimir Herni-
tz napisao je osvrt o prvom udžbeniku iz 
inženjerske geologije koji je napisao pro-
fesor Herak 1957. 

Broj 65/3 posvećen je najvećim dijelom 
Međunarodnom projektu „International 
geosciencies program (IGCP) Project 
575 (2010-2015): "Pennsylvanian terre-
strial habitats and biotas in southea-
stern Europe and northern Asia Minor 
and their relation to tectonics and cli-
mate". Gosti urednici broja su bili prof. dr. Jasenka Sremac i Dr. 
Christopher J. Cleal.

Časopis je u bazi Web of Science od 2009. Ove godine dobio 
je i službeni čimbenik utjecaja od Thomson Reutersa, koji 
iznosi 0,575. SciMago Journal Rank – čimbenik utjecaja (SJR) 
iznosio je 0,472 i unutar hrvatskih časopisa iz geoznanosti 
smo na 1. mjestu, a treći od svih hrvatskih časopisa indeksi-
ranih u Scopusu. 

Časopis je kontinuirano indeksiran i u Geo Abstracts, GeoRef, 
GeoArchive, Geotitles, Geobase, MINABS Online, BIOSIS, Zoo-
logical Abstracts, PASCAL, Petroleum Abstracts, Chemical 
Abstracts, Current Geographical Abstracts i EBSCO Academic 
Search Complete. 

the “Dinarides” and “Alpides” is published 
in this issue along with reprints of two ot-
her works: Comparative study of some Tri-
assic Dasycladaceae in Yugoslavia (1965) 
and Tecto-genetic approach to the classi-
fication of karst terrains (1977). A foreword 
was written by academicians Prof. Dr. Ivan 
Gušić and Prof. Dr. Mladen Juračić. Prof. Dr 
Zvonimir Hernitz wrote a review on the 
first textbook of engineering geology, wri-
tten in 1957 by Professor Herak.

Issue 65/3 is, for its most part, dedicated to 
the international project International ge-
osciences program (IGCP) Project 575 
(2010-2015): "Pennsylvanian terrestrial ha-
bitats and biotas in southeastern Europe 
and northern Asia Minor and their relation 

to tectonics and climate". The guest editors of the issue were Prof. 
Dr. Jasenka Sremac and Dr. Christopher J. Cleal.

Since 2009, the journal has been indexed in the base Web of 
Science. This year it acquired an official impact factor from 
Thomson Reuters, rating 0.575. The SciMago Journal Rank 
– impact factor (SJR) amounted to 0.472. Simultaneously, we 
are in first place among the Croatian journals in the field of 
geoscience and in third place out of all Croatian journals in-
dexed in Scopus.

The Journal is also continually indexed in the following: Geo 
Abstracts, GeoRef, GeoArchive, Geotitles, Geobase, MINABS Onli-
ne, BIOSIS, Zoological Abstracts, PASCAL, Petroleum Abstracts, 
Chemical Abstracts, Current Geographical Abstracts and EBSCO 
Academic Search Complete. 
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Bibliografija djelatnika HGI-CGS-a u 2012. godini 
Bibliography of HGI-CGS Staff in 2012

KNJIGE / BOOKS
Halamić, Josip; Belak, Mirko; Šorša, Ajka; Marin, Dinko; Fuček, Ladislav. Geološka zbirka zadarske županije u OŠ Bartula Kašića . Zagreb : 

Hrvatski geološki institut, Osnovna škola Bartul Kašić, 2012, 97 str.
Korbar, Tvrtko; Avanić, Radovan; Bakrač, Koraljka; Belak, Mirko; Bergant, Stanislav; Brčić, Vlatko; Brlek, Mihovil; Fuček, Ladislav; Grga-

sović, Tonći; Grizelj, Anita; Halamić, Josip; Hećimović, Ivan; Horvat, Marija; Jamičić, Domagoj; Koch, Georg; Matičec, Dubravko; 
Oštrić, Nenad; Palenik, Damir; Slovenec, Damir; Šorša, Ajka. Upute za izradu Osnovne geološke karte Republike Hrvatske : M 1:50 
000. Zagreb : Hrvatski geološki institut, 2012, 131 str.

POGLAVLJA U KNJIZI / BOOK CHAPTERS
Galović, Lidija; Peh, Zoran; Halamić, Josip. Relationship between stream sediment geochemistry and drainage basin lithology in small 

order mountain drainage basins - factor model of the Medvednica Mountain, Croatia / New horizons in Central European geomat-
hematics, geostatistics and geoinformatics / Geiger, János ; Pál-Molnár, Elemér ; Malvić, Tomislav (ur.). Szeged : Geolitera Publishing 
House, Institute of Geosciences, University of Szeged, Hungary, 2012. Str. 103-112.

Radovi u Current contents časopisima / Papers in journals indexed by the Thomson 
Scientific Current Contents
Bermanec, Vladimir; Horvat, Marija; Žigovečki Gobac, Željka; Zebec, Vladimir; Scholz, Ricardo; Škoda, Radek; Wegner, Reinhard; de Brito 

Barreto, Sandra; Dódony, István. Pseudomorphs of low microcline after adularia fourlings from the Alto da Cabeça (Boqueirão) and 
Morro Redondo pegmatites, Brazil / The Canadian Mineralogist. 50 (2012) ; 975-987.

De Caritat, Peter; Reimann, Clemens; A., S.; A., M.; A., A.; B., R.; B., M.J.; B., A.; C., D.; De Vivo, B.; De Vos, W.; D., M.; D-D., M.; E., O.A.; E., M.; E., V.; F., 
T.E.; F., D.; F., S.; F., M.; F., U.; G., A.; G., M.; G., V.; G., A.; Halamić, Josip; H., E.; H., P.; H., G.; H., R.; H., J.; H., H.; Husnjak, Stjepan; J., L.; J., C.C.; J., 
G.; K., J.; K., J.; K., V.; K., P.; K., P.; K., L.; L., A.; L., J.; L., P.; M., D.; M., B.I.; M., R.; McLaughlin, R.; M., R.G.; M., N.; M., G.; N., P.; O'Connor, P.; O., K.; 
O., R.T.; P., V.; P., V.; P., S.; P., M.; P., C.; R., U.; S., I.; S., A.; S., A.; S., I.; S., P.; S., E.; S., F.; S., I.; Šorša, Ajka; S., R.; S., T.; T., T.; T., V.; V., P.; V., V.; V., D.; Z., 
A.M.; Z., Z.; NGSA, Project-Team. Comparing results from two continental geochemical surveys to world soil composition and deriving 
Predicted Empirical Global Soil (PEGS2) reference values / Earth and planetary science letters. 319-320 (2012) ; 269-276.

Galović, Ines; Young, Jeremy. Revised taxonomy and stratigraphy of MiddleMiocene calcareous nannofossils of the Paratethys / Micropale-
ontology. 58 (2012) , 4; 305-334.

Galović, Lidija; Peh, Zoran; Halamić, Josip; Bukovec, Dragan. Geochemical atlas of the Medvednica Mt.: natural distribution of geochemical 
elements in stream sediments / Journal of Maps. 8 (2012) , 4; 478-483. 

Halamić, Josip; Peh, Zoran; Miko, Slobodan; Galović, Lidija; Šorša, Ajka. Geochemical Atlas of Croatia: Environmental Implications and 
Geodynamical Thread / Journal of geochemical exploration. 115 (2012) ; 36-46.

Korbar, Tvrtko; Glumac, Bosiljka; Cvetko Tešović, Blanka; Cadieux, Sarah B. Response of a Carbonate Platform to the Cenomanian–Turonian 
Drowning and OAE 2: a Case Study from the Adriatic Platform (Dalmatia, Croatia) / Journal of sedimentary research. 82 (2012) , 3; 163-176.

 Márton, Emö; Tomljenović, Bruno; Pavelić, Davor; Pethe, Mihálj; Avanić, Radovan; Jelen, Bogomir. Magnetic fabric of Late Miocene clay-rich 
sediments from the southern Pannonian basin / International journal of earth sciences. 101 (2012) , 3; 879-888.

Prtoljan, Božo; Kapelj, Sanja; Dukarić, Franjo; Vlahović, Igor; Mrinjek, Ervin. Hydrogeochemical and isotopic evidences for definition of 
tectonically controlled catchment areas of the Konavle area springs (SE Dalmatia, Croatia) / Journal of geochemical exploration. 112 
(2012) ; 285-296. 
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Reiman, Clemens; de Caritat, Patrice; A., S.; A., M.; A., A.; B., R.; B., M.J.; B., A.; B., M.; C., D; D., A.; D., E.; D., B.; D., W.; D., M.; D-D., A; E., O.A.; E., M.; 
E., V.; F., P.; F., T.E.; F., D.; F., S.; F., M.; F., U.; G., A.; G., M.; G., V.; G., A.; Halamić, Josip; H., E.; H., P.; H., G.; H., R.; H., J.; H., H.; Husnjak, Stjepan; 
J., E.; J., C.C.; J., J.; K., J.; K., J.; K., V.; K., F.; K., P.; K., L.; L., A.; L., A.; L., J.; L., P.; M., D.; M., B.I.; M., R.; M., M.; M., R.G.; M., N.; M., G.; N., P.; O., P.; O., 
K.; O., R.T.; P., A.; P., V.; P., S.; P., M.; P., C.; R., U.; S., I.; S., A.; S., A.; S., I.; S., P.; S., E.; S., F.; S., I.; Šorša, Ajka; S., R.; S., T.; T., T.; T., V.; V., P.; V., V.; V., D.; 
Z., A.M.; Z., Z.; NGSA Team. New soil composition data for Europe and Australia: Demonstrating comparability, identifying continental-
scale processes and learning lessons for global geochemical mapping / Science of the total environment. 416 (2012) ; 239-252.

Reimann, Clemens; Filzmoser, Peter; Fabian, Karl; Hron, Karel; Birke, Manfred; Demetriades, Alecos; Dinelli, Enrico; Ladenberger, Anna; A., 
S.; A., M.; A., A.; B., R.; B., M.J.; B., A.; C., D.; De Vivo, B.; De Vos, W.; D., M.; D-D., M.; E., O.A.; E., M.; E., V.; F., T.E.; F., D.; F., S.; F., M.; F., U.; G., A.; 
G., M.; G., V.; G., A.; Halamić, Josip; H., E.; H., P.; H., G.; H., R.; H., J.; H., H.; Husnjak, Stjepan; J., L.; J., C.C.; J., G.; K., J.; K., J.; K., V.; K., P.; K., P.; 
K., L.; L., A.; L., J.; L., P.; M., D.; M., B.I.; M., R.; McLaughlin, R.; M., R.G.; M., N.; M., G.; N., P.; O'Connor, P.; O., K.; O., R.T.; P., V.; P., V.; P., S.; P., M.; 
P., C.; R., U.; S., I.; S., A.; S., A.; S., I.; S., P.; S., E.; S., F.; S., I.; Šorša, Ajka; S., R.; S., T.; T., T.; T., V.; V., P.; V., V.; V., D.; Z., A.M.; Z., Z. The concept of 
compositional data analysis in practice - Total major element concentrations in agricultural and grazing land soils of Europe / Science 
of the total environment. 426 (2012) ; 196-210. 

Reimann, Clemens; Flem, Belinda; Fabian, Karl; Birke, Manfred; Ladenberger, Anna; Negrel, Philippe; Demetriades, Alecos; Hoogewerff, Juri-
an; A., S.; A., M.; A., A.; B., R.; B., M.J.; B., A.; C., D.; De Vivo, B.; De Vos, W.; D., M.; D-D., M.; E., O.A.; E., M.; E., V.; F., T.E.; F., D.; F., S.; F., M.; F., U.; 
G., A.; G., M.; G., V.; G., A.; Halamić, Josip; H., E.; H., P.; H., G.; H., R.; H., J.; H., H.; Husnjak, Stjepan; J., L.; J., C.C.; J., G.; K., J.; K., J.; K., V.; K., P.; 
K., P.; K., L.; L., A.; L., J.; L., P.; M., D.; M., B.I.; M., R.; McLaughlin, R.; M., R.G.; M., N.; M., G.; N., P.; O'Connor, P.; O., K.; O., R.T.; P., V.; P., V.; P., S.; P., 
M.; P., C.; R., U.; S., I.; S., A.; S., A.; S., I.; S., P.; S., E.; S., F.; S., I.; Šorša, Ajka; S., R.; S., T.; T., T.; T., V.; V., P.; V., V.; V., D.; Z., A.M.; Z., Z. Lead and lead 
isotopes in agricultural soils of Europe - The continental perspective / Applied geochemistry. 27 (2012) , 3; 532-542. 

Schlagintweit, Felix; Velić, Ivo. Foraminiferan tests and dasycladalean thalli as cryptic microhabitats for thaumatoporellacean algae from 
Mesozoic (Late Triassic-Late Cretaceous) platform carbonates / Facies. 58 (2012) , 1; 79-94.

Šegvić, Branimir; Šešelj, Lucijana; Slovenec, Damir; Lugović, Boško; Ferreiro Mählmann, Rafael. Composition, technology of manufacture, 
and circulation of Hellenistic pottery from the Eastern Adriatic : a case study of three archaeological sites along the Dalmatian coast, 
Croatia / Geoarchaeology. 27 (2012) , 1; 63-87.

Terzić, Josip; Stroj, Andrej; Frangen, Tihomir. Hydrogeologic investigation of karst system properties by common use of diverse methods: 
a case study of Lička Jesenica springs in Dinaric karst of Croatia / Hydrological processes. 26 (2012) , 3302-3311.

Tsukamoto, Sumiko; Jain, Mayank; Murray, Andrew S; Thiel, Christine; Schmidt, Esther D; Wacha, Lara; Dohrmann, Reiner; Frechen, Manfred. 
A comparative study of the luminescence characteristics of polymineral fine grains and coarse grained K-, Na- rich feldspars / Radia-
tion measurements. 47 (2012) , 9; 903-908.

RADOVI U ČASOPISU GEOLOGIA CROATICA / PAPERS IN THE GEOLOGIA CROATICA JOURNAL
Bakrač, Koraljka; Koch, Georg, Sremac, Jasenka. Middle and Late Miocene palynological biozonation of the south-western part of Central 

Paratethys (Croatia) / Geologia Croatica : journal of the Croatian Geological Survey and the Croatian Geological Society. 65 (2012) , 2; 
207-222.

Banak, Adriano; Mandić, Oleg; Kovačić, Marijan; Pavelić, Davor. Late Pleistocene climate history of the Baranja loess plateau - evidence 
from the Zmajevac loess-paleosol section (northeastern Croatia) / Geologia Croatica : journal of the Croatian Geological Survey and the 
Croatian Geological Society. 65 (2012) , 3; 411-422.

Buljan, Renato; Pollak, Davor; Gulam, Vlatko. Engineering properties of marine sediments in Mali Ston Bay (Croatia) based on “Mainland-
Pelješac” bridge investigations / Geologia Croatica : journal of the Croatian Geological Survey and the Croatian Geological Society. 65 
(2012) , 2; 233-242.

Kovačević Galović, Erli; Ilijanić, Nikolina; Peh, Zoran; Miko, Slobodan; Hasan, Ozren. Geochemical discrimination of Early Palaeogene 
bauxites in Croatia / Geologia Croatica : journal of the Croatian Geological Survey and the Croatian Geological Society. 65 (2012) , 1; 53-65.

Kuhta, Mladen; Brkić, Željka; Stroj, Andrej. Hydrodynamic characteristics of Mt. Biokovo foothill springs in Croatia / Geologia Croatica : 
journal of the Croatian Geological Survey and the Croatian Geological Society. 65 (2012) , 1; 41-51.

Slovenec, Damir; Lugović, Boško. Evidence of the spreading culmination in the Eastern Tethyan Repno oceanic domain assessed by the 
petrology and geochemistry of N-MORB extrusive rocks from the Mt. Medvednica ophiolite mélange (NW Croatia) / Geologia Croatica 
: journal of the Croatian Geological Survey and the Croatian Geological Society. 65 (2012) , 3; 435-446.

Sokač, Branko; Velić, Ivo; Grgasović, Tonći, Ćosović, Vlasta; Vlahović, Igor. Taxonomy and stratigraphy of an algal assemblage in Palaeogene 
deposits of the northern foothills of Mt. Biokovo (Southern Croatia) / Geologia Croatica : journal of the Croatian Geological Survey and 
the Croatian Geological Society. 65 (2012) , 2; 161-205.
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RADOVI U DRUGIM ČASOPISIMA / PAPERS IN OTHER JOURNALS
Kovačić, Marijan; Vrsaljko, Davor; Horvat, Marija; Bošnjak, Marija; Popović, Darko. Neogenski i kvartarni sedimenti u pjeskokopu Petnja na 

južnim obroncima Dilj gore / Vijesti Hrvatskoga geološkog društva. 49 (2012) , 1; 38-41.
Marković, Tamara; Larva, Ozren; Mraz, Vinko. Hidrogeokemijske značajke geotermalne vode na području Julijevog parka u Daruvaru / 

Radovi Zavoda za znanstvenoistraživački i umjetnički rad u Bjelovaru. 6 (2012) ; 127-136.
Slovenec, Damir; Lugović, Boško; Slovenec, Dragutin. Sekundarne mineralne parageneze u mafitnim ekstruzivnim stijenama iz ofiolitnog 

melanža Medvednice (Hrvatska) / Rudarsko-geološko-naftni zbornik. 25 (2012) ; 33-46.

RADOVI I SAŽETCI U ZBORNICIMA SKUPOVA / PAPERS AND ABSTRACTS IN PROCEEDINGS
Banak, Adriano; Kovačić, Marijan; Mandić, Oleg, Pavelić, Davor. Sedimentary characteristics and source of loess in Baranja (eastern Croatia) 

/ 29th IAS Meething of Sedimentologists, 10-13. September, 2012, Schladming, Austria, Book of Abstracts / Missoni, Sigrid ; Gawlick, Hans-
Juergen (ur.). Schladming, 2012. 172-172.

Brlek, Mihovil; Korbar, Tvrtko; Otoničar, Bojan; Glumac, Bosiljka; Grizelj, Anita; Cvetko Tešović, Blanka; Fuček, Ladislav. Discontinuity surfa-
ces in Upper Cretaceous carbonate deposits from central Dalmatia, Croatia / 29th IAS Meething of Sedimentologists, 10-13. September, 
2012, Schladming, Austria, Book of Abstracts / Missoni, Sigrid ; Gawlick, Hans-Juergen (ur.). Schladming, 2012. 308-308.

Cvetko Tešović, Blanka; Glumac, Bosiljka; Korbar, Tvrtko; Bucković, Damir; Brlek, Mihovil. Lower Cretaceous platform carbonates of Mt 
Svilaja (Dinaric Karst, Croatia) / The 16th Symposium on The Bahamas and Other Carbonate Regions, Abstracts with Program / Glumac, 
Bosiljka ; Savares, Michael (ur.). San Salvador, Bahamas : Gerace Research Centre, 2012. 11-12.

Cvetko Tešović, Blanka; Korbar, Tvrtko; Glumac, Bosiljka; Bucković, Damir; Brlek, Mihovil. Sedimentary dynamics and main events in the 
evolution of the Adriatic-Dinaric Carbonate Platform (Dinaric Karst, Croatia) / The 16th Symposium on The Bahamas and Other Carbo-
nate Regions, Abstracts with Program / Glumac, Bosiljka ; Savares, Michael (ur.). San Salvador, Bahamas : Gerace Research Centre, 2012. 
12-13. 

Galović, Lidija; Wacha, Lara; Koloszár, László; Chikán, Géza; Magyari, Árpád; Marsi, István; Frechen, Manfred. Upper & Middle Pleistocene 
Loess Records in Šarengrad Sections / International conference on loess research, Tribute to Edward Derbyshire, ED@80s: Loess in China & 
Europe, Abstract book. Novi sad, 2012. 29-30. 

Govoni, B.; Oates, A.; Prtoljan, B.; Husinec, A. & Read, F. Facies and Non-Cyclicity of Upper Jurassic Oxfordian Muddy Carbonates, Southern 
Adriatic Platform, Croatia. / AAPG Search and Discovery Article 90142. Long Beach, California, 2012. 312-313.

 Gverić, Zvonka; Kampić, Štefica; Marković, Tamara; Jozić, Dražan; Biševac, Vanja; Tibljaš, Darko. Mineralogical and chemical characteristics 
of Croatian bentonites / Informator, 49, Book of Abstracts / Šťastný Martin Žigová Anna (ur.). Průhonice : Czech National Clay Group, 
2012. 150-150.

Hajek-Tadesse, Valentina. Nonmarine Early Miocene ostracods from Požega outcrop (Mt. Požeška gora, Croatia) / Kölner Forum Geol.Paläon-
tologie / Vieheberg, Finn.A.&Gromig, Raphael (ur.). Köln : Institut für Geologie und Mineralogie der Universität zu Köln, 2012. 25-25.

Hajek-Tadesse, Valentina; Bakrač, Koraljka; Miknić, Mirjana; Grizelj, Anita. Freshwater Lower Miocene deposits from the Mt. Požeška gora 
(North Croatian Basin) / Molasse Tagung 2012 / Mandić, Oleg ; Harzhauser, Matias ; (ur.). Wien, 2012. 16-17. 

Hasan, Ozren; Miko, Slobodan; Ilijanić, Nikolina; Stroj, Andrej. Record of anthropogenic (urban) pollution in sediments of the karst lake 
Modro jezero, Croatia / 20th International Karstological School “Classical Karst” ; Karst Forms and Processes, Guide Book & Abstracts / 
Mihevc, Andrej ; Gabrovšek, Franci (ur.). Postojna : Karst Research Institute, Scientific Research Centre of the Slovenian Academy of 
Sciences and Arts, 2012. 55-56. 

Horvat, Marija; Slovenec Damir. Petrographic characteristics of the magmatic rocks of Dilj Mt. (southern part of the Pannonian basin, 
Croatia) / Acta Mineralogica-Petrographica, Abstract Series, Volume 7 / Elemér Pál-Molnár (ur.). Szeged : University of Szeged, Hungary, 
2012. 57-57. 

Ilijanić, Nikolina; Miko, Slobodan; Hasan, Ozren; Bakrač, Koraljka. Late Pleistocene and Holocene environmental changes in eastern Adri-
atic coastal karst lakes / 9th ISEG Book of Abstracts / Da Silva, E.F., Reis, A.P., Patinha, C., Pereira, E., Rodrigues, S. (ur.). Aveiro : PLM-Plural, 
2012. 195-195.

 Ilijanić, NIkolina; Miko, Slobodan; Hasan, Ozren, Šparica Miko, Martina; Mesić, Saša. Mineralogical approach to BCR extraction procedure 
of urban playground soils in Zagreb (Croatia) / European Mineralogical Conference, Vol. 1, EMC2012. 2012. 685-685. 

Ilijanić, Nikolina; Miko, Slobodan; Petrinec, Branko; Franić, Zoran. Anthropogenic trace elements of the bottom sediments from the Middle 
and South Adriatic Sea / 9th ISEG Book of abstracts / Da Silva, E.F., Reis, A.P., Patinha, C., Pereira, E., Rodrigues, S. (ur.). Aveiro : PLM-Plural, 
2012. 9-9.
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Kuhta, Mladen; Brkić, Željka. Seasonal temperature variations of Lake Vrana on the island of Cres and possible influence of global climate 
changes / 39th International Association of Hydrogeologists Congress: Congress Program and Abstracts. Niagara Falls : International Asso-
ciation of Hydrogeologists - Canadian National Chapter, 2012. 280-281. 

Kuhta, Mladen; Stroj, Andrej. Primjeri incidentnih onečišćenja speleoloških objekata tekućim ugljikovodicima i njihove posljedice / Stručni 
seminar o zaštiti špilja i podzemne faune / Nenad Buzjak, Dalibor Paar (ur.). Samobor : Speleološki klub "Samobor", 2012. 24-38.

Lacković, Damir; Stroj, Andrej. Špilja Veternica prije 400 000 godina. / 2. skup OkruGeo, Zbornik sažetaka / Kos, Katarina ; Posilović, Hrvoje 
(ur.). Zagreb, 2012. 35-35.

 Marković, Tamara; Larva, Ozren. Hidrokemijska obilješja termalne vode na području Daruvara / XIV Srpski simpozijum o hidrogeologiji : 
Zbornik radova / Nevena Savić ; Marina Jovanović (ur.). Beograd : Univerzitet u Beogradu, Rudarsko-geološki fakultet, 2012. 187-193.

Marković, Tamara; Larva, Ozren; Brkić, Željka. Occurrence of Mn in alluvial aquifer as a consequence of surface – groundwater interaction 
in the Požega valley - Croatia / 39th International Association of Hydrogeologists Congress: Book of Abstracts / Holysh, Steve ; Howard, 
Ken (ur.). Niagara Falls : IAH, 2012. 95-95. 
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LA PARATETISA NA TEMELJU VAPNENAČKOG NANOPLANKTO-
NA, SILIKOFLAGELATA I DIJATOMEJA
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Mentor: prof. dr. Jernej Pavšič i doc. dr. Aleksandar Horvat
Zavod: Zavod za geologiju
Projekt: Osnovna geološka karta 1:50.000 

Proučavane naslage istražene su u jugozapadnom dijelu sje-
verozapadne Hrvatske gdje su obrađena 2 geološka stupa, 17 
s područja sjeverne Hrvatske, a 1 iz Bečkog bazena. Određeno 
je oko 420 autohtonih rodova i vrsta, od čega 9 kokolita i 18 
dijatomeja s 1 varijetetom, koji dosad nisu zabilježeni u Hrvat-
skoj. Kraj badena zahvaćen je globalnom regresijom, a sam 
prijelaz baden/sarmat i regionalnom tektonikom, što je zabi-
lježeno u monoflornim razvojima vapnenačkog nanoplankto-
na u plitkovodnim marinskim sredinama. Taj događaj pripada 
NN6 zoni vapnenačkog nanoplanktona. Istovremeno u du-
bljim marinskim predjelima dolazi do učestalosti Coccolithus 
pelagicus i Calcidiscus pateacus vrsta što upućuje na zahlađe-
nje. Prva marinska transgresija u Paratetisu zabilježena je prije 

ingalovic@hgi-cgs.hr 
+385 1 6160 723
Date of defence of the doctoral dissertation: January 14th 2010
Title of dissertation: MIDDLE MIOCENE (SARMATIAN) CALCAREOUS 
NANNOPLANKTON, SILICOFLAGELLATES AND DIATOMS OF THE 
SOUTHWESTERN PART OF THE PARATETHYS
Faculty: Faculty of Natural Sciences and Engineering, University of 
Ljubljana, Slovenia
Mentor: Prof.  Jernej Pavšič and Assistant Prof. Aleksandar Horvat
Department: Department of Geology
Project: Basic geological map 1:50,000 

The investigated sedimentary rocks are in the southwestern re-
gion of Croatia. In that area, two geological columns were studi-
ed, while 17 are from north Croatia, and a single column is from 
the Vienna Basin. Approximately 420 autochthonous genera and 
species were determined, of which 9 are coccolites, and 18 are 
diatoms, with a single variety having never been previously regi-
stered in Croatia. The end of the Badenian era was affected by 
global regression, while Badenian/Sarmatian transition itself was 
additionally affected by regional tectonics, which is recorded in 
the monofloral developments of limestone plankton in the 
shallow marine environments. This transition event belongs to 
NN6 zone of limestone plankton. Simultaneously, in deeper ma-
rine environments, the frequency of Coccolithus pelagicus and 

Calcidiscus pateacus is higher, indicating the pre-
sence of cooling processes. The first marine tran-
sgression in Paratethys was recorded 12.5 Ma ago 
with a maximum in the Vienna Basin. Both of the 
diatom zones of the central and eastern Paratet-
hys were determined, as well as in the investiga-
ted area, thus indicating the connection of the 
marine environments. The next marine transgre-
ssion was observed in the middle of the Sarmati-
an (NN7-NN7/NN8 zone) in the areas of \Mt. Sa-
moborsko Gorje. During that period, the 
connections with the Mediterranean, Indic and 
Atlantic waters still existed, and these connecti-
ons are observed on Mt.Medvednica and Mt. Sa-
moborsko Gorje based on the silicoflagellates 
and diatoms that characterise the developments 
in the so-called upwelling zone. The Silicoflage-
llate Distephanopsis slavnicii–Distephanopsis so-
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~ 12,5 Ma, čiji max. je određen u Bečkom bazenu. Obje dijato-
mejske zone centralnog i istočnog Paratetisa određene su i na 
istraživanom području što ukazuje na povezanost marinskih 
prostora. Sljedeća marinska transgresija zapažena je sredinom 
sarmata (NN7-NN7/NN8 zoni) u području Samoborskog gorja. 
U to vrijeme veze s Mediteranom, Indikom i Atlantikom su po-
stojale i uočene su na Medvednici i Samoborskom gorju na te-
melju silikoflagelata i dijatomeja, koje karakteriziraju razvoje u 
tzv. upwelling zoni. Određena je silikoflagelatna Distephanop-
sis slavnicii–Distephanopsis soljanii i dijatomejska zona Anau-
lus simplex–Coscinodiscus doljensis. Tijekom gornjeg sarmata 
(NN8 zona) na Medvednici dolazi do prekida veza s ostalim ma-
rinskim prostorima, dok je u području Samoborskog gorja i Krn-
dije zapaženo njihovo osciliranje, što je posljedica tektonskih 
pokreta. Daljnjim oplićavanjem i većim utjecajem kopna, dola-
zi do drastičnog pada broja rodova i vrsta, čiji razvoji poprima-
ju monoflorni karakter. Granica sarmat/panon je postavljena na 
11,1 Ma na temelju paleomagnetskih mjerenja u Našicama. Na 
temelju kokolita, početak panona bi mogao pripadati poluza-
tvorenom stratificiranom marinskom prostoru, koji je još uvijek 
imao povremenu vezu s Mediteranom ili je sezonski dolazilo do 
utjecaja toplije marinske struje u priobalno jezero.

ljanii and diatom Anaulus simplex–Coscinodiscus doljensis zones 
were determined. During the Late Sarmatian (NN8 zone) period, 
Mt. Medvednica was isolated from other marine environments, 
while in the area of Samoborsko Gorje, the oscillations of the Krn-
dija Mountains were observed, which resulted from tectonic mo-
vements. Further shallowing and extension of the land have ca-
used drastic reduction in the number of genera and species, the 
developments of which assumed monofloral character. The Sar-
matian/Pannonian border is set at 11.1 Ma based on palaeoma-
gnetic measurements in Našice. Based on coccolite, the be-
ginning of the Pannonian border could pertain to a semi-closed 
stratified marine environment, which either still held ephemeral 
connections with the Mediterranean or was still experienced a 
seasonally effective ingress of warmer marine currents into the 
inshore lake.
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Mentor: prof. dr. Kosta Urumović
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Područje izviranja podzemnih tokova nizvodno od ponora ri-
jeka Like i Gacke proteže se priobaljem Velebitskog kanala od 
izvorišta Novljanska Žrnovnica na sjeveru do Karlobaga na ju-
gu. Slijev priobalnih izvora ovog područja gotovo je u potpu-
nosti izgrađen od okršenih karbonatnih stijena. Hidrogeološke 
funkcije pojedinih dijelova krškog sustava određene su inter-
pretacijom litoloških, strukturnih i geomorfoloških značajki te-

andrej.stroj@hgi-cgs.hr 
+385 91 7524 316
Date of birth: September 20th 1975
Date of defence of the doctoral dissertation: October 7th 2010
Title of dissertation: UNDERGROUND WATER FLOWS IN THE HIN-
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Faculty: Faculty of Mining, Geology and Oil Engineering, Univer-
sity of Zagreb
Mentor: Prof. Kosta Urumović
Department: Department of hydrogeology and engineering geology
Project: Basic hydrogeological map

The area of underground waters flowing to the surface down-
stream of the sinkholes of the Lika and Gacka Rivers extends 
along the coastline of the Velebit channel. The area is spread from 
the spring of Novljanska Žrnovnica on the north to Karlobag on 
the south. The catchment of coast springs of this area is almost 
entirely built of arstified carbonate rocks. The hydrogeological 
functions of some portions of the karst system are defined by in-

Andrej STROJ  



78	 HRVATSKI GEOLOŠKI INSTITUT

G
o
d
i[
n
j
e i

z
v
j
e
[
]
e 
2
0
1
2
.

N
o

v
i 
d

o
k
t
o

r
i 
z
n

a
n

o
s

t
i

rena, te rezultata speleoloških istraživa-
nja. Na temelju analize satelitskih 
snimaka na razmatranom području pri-
obalja prepoznate su glavne zone izvi-
ranja podzemne vode, od kojih su naj-
značajnije Novljanska Žrnovnica, šire 
područje Jurjevske Žrnovnice, te po-
dručje južno od Jablanca. Analizom po-
dataka opažanja razine, temperature i 
elektrolitičke vodljivosti podzemne vo-
de utvrđene su značajne razlike u uvje-
tima istjecanja i strukturi vodonosnika 
na području pojedinih priobalnih izvo-
ra. Procesi napredovanja okršavanja od 
mora prema uzvodnim dijelovima su-
stava, uz utjecaj aktivnih rasjednih zo-
na očituju se pojavama zona naglog 
pada razine vode u podzemlju. Vadozni tokovi i preljevi u 
krškim kanalima uzrokuju njihovu hidrauličku razdvojenost, 
što omogućuje različite smjerove tečenja unutar pojedinih di-
jelova sustava. 

terpretation of the lithological, structural 
and geomorphological features of the 
terrain, as well as interpretation of the re-
sults of speleological investigations. The 
primary zones of outflows of the under-
ground water were recognised by anal-
ysing the satellite photographs of the 
considered area. The most important of 
these are Novljanska Žrnovnica, the bro-
ader area of Jurjevska Žrnovnica and the 
area south of Jablanac. Analysis of the da-
ta obtained by observing the water level, 
temperature and electric conductivity of 
the underground water yielded conside-
rable variations in the outflow conditions 
and the structure of the aquifers in the 
area of certain coastal springs. The proce-

sses of advancing karstification from the sea toward the upstream 
potions of the system together with the impact of active fault zo-
nes manifest themselves as the zones of abrupt drops of water 
level in the underground. Vadose flows and overflows in the karst 
channels caused their hydraulic separation, allowing various di-
rections of flow inside individual parts of the system.
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Slijev izvorišta rijeke Gacke smješten je unutar dinaridskog kr-
ša. Rezultati dosadašnjih hidrogeoloških i hidroloških istraži-
vanja ukazali su kako se slijev izvorišta Gacke može podijeliti 
na podsljevove, iz čega je proizašla temeljna hipoteza rada: sli-
jev izvorišta rijeke Gacke sastoji se od tri podslijeva koji pripa-
daju trima glavnim izvorima rijeke Gacke (Tonković, Majerovo 
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The catchment area of the Gacka River is situated in the Dinaric 
karst. The results of former hydrogeological and hydrological in-
vestigations indicated the possibility of the division of the Gacka 
catchment area into subcatchments, which resulted in the fun-
damental hypothesis of this work: the catchment area of the Gac-
ka  River consists of three subcatchments that belong to the three 
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vrelo i Pećina). U okviru ovoga ra-
da napravljena je interpretacija 
klimatoloških, litostratigrafskih, 
strukturnih i geomorfoloških zna-
čajki terena; analiza i interpretaci-
ja rezultata svih dosad obavljenih 
trasiranja podzemnih tokova na 
istraživanom području; usposta-
va opažanja razina, temperatura i 
elektrolitičke vodljivosti podze-
mne vode na području četiri izvo-
ra; analiza recesijskih dijelova hi-

drograma „matching strip“ metodom; statistička analiza 
vremenskih serija opažanih podataka metodama autokorela-
cije i kroskorelacije; statistička multivarijatna analiza hidroke-
mijskih pokazatelja pomoću programskog paketa STATISTICA 
6.0; geokemijsko modeliranje hidrokemijskih pokazatelja ko-
rištenjem kompjutorskih programa NETPATH i LUMPED. Na te-
melju interpretacije prikupljenih podataka i primijenjenih me-
toda istraživanja potvrđena je hipoteza ovog rada, prema kojoj 
se slijev izvorišta rijeke Gacke sastoji od tri podslijeva: podslijev 
Majerovog vrela, podslijev izvora Tonković i Klanac te podslijev 
izvora Pećina.

main springs of the of the Gacka River (Tonković, Ma-
jerovo Vrilo and Pećina). In this work, an interpretation 
was developed of the climatological, lithostratigrap-
hic, structural and geomorphological features of the 
terrain. This interpretation was accompanied by an 
analysis and interpretation of the results of all previo-
us tracing of the groundwater flows in the investiga-
ted area; observations of the water levels, temperatu-
res and electric conductivity in the area of four 
springs were launched; the recession parts of the hy-
drograms were analysed by the “matching strip” met-
hod; and a statistical analysis was performed of the 
time series of the observed data using the methods 

of autocorrelation and cross-correlation. The statistical multivari-
ate analysis of hydrochemical parameters was performed using 
the STATISTICA 6.0 software, and geochemical modelling of the 
hydrochemical parameters was performed using NETPATH and 
LUMPED software packages. Based on the interpretation of the 
gathered data and the applied methods of the investigations, the 
hypothesis of this work was confirmed according to which cat-
chment area of the Gacka River is composed of the three subcat-
chments: the subcatchment of the Majerovo Vrilo spring, the su-
bcatchments of the Tonković and Klanac springs and the 
subcatchment of the Pećina spring.

Podsljevovi izvora rijeke Gacke. 1-podsljevovi: A Majerovo 
Vrilo, B Tonkovića vrilo i Klanac, C izvor pećina, 2-zajednički 

dijelovi susjednih sljevova, 3-izvori, 4-pretpostavljeni 
smjerovi strujanja podzemne vode, 5-podzemna razvodnica 

izvora Gacke, 6-približne razvodnice zajedničkih sljevova.

Subcatchment areas of the River Gacka spring. 1-subcatchment 
areas: A Majerovo Vrilo, B Tonkovića Vrilo and Klanac springs, C 

Pećina spring, 2-common parts of the adjacent catchment 
areas, 3-springs, 4-inferred directions of the groundwater flow, 

5-underground divide of the Gacka spring, 6-approximate 
divides of the common catchment areas.
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Predmet istraživanja doktorske 
disertacije su prostorna orijenta-
cija i razmak diskontinuiteta u sti-
jenskoj masi koji uz postojanost 
predstavljaju dvije osnovne, od-
nosno glavne geometrijske zna-
čajke mreže diskontinuiteta. U 
disertaciji su obrađene metode 
snimanja i kvantitativnog opisi-
vanja ovih dviju značajki diskon-
tinuiteta radi boljeg razumijeva-

nja i kvantificiranja njihovog utjecaja na ponašanje stijenske 
mase. Istraživanja su provedena u mezozojskim vapnenačkim 
naslagama četiriju istarskih kamenoloma: Kirmenjak, Kirmenjak 
V, Kanfanar i Križarovica.

U svrhu kvantificiranja mreže diskontinuiteta na objektivan, 
odnosno nepristran, način korištene su standardne metode 
mjerenja i beskontaktna metoda mjerenja sustavom Shape-
MatriX3D, zatim metode odvajanja setova diskontinuiteta po-
moću konturnih dijagrama i metoda grupiranja (eng. fuzzy k-
means clustering), te statističke analize orijentacija i normalnih 
razmaka izdvojenih setova diskontinuiteta.

Rezultati disertacije ukazuju na značajan doprinos primjene 
opisanih metoda mjerenja i statističke analize osnovnih geo-
metrijskih značajki diskontinuiteta kod definiranja stohastič-
kog 3D modela mreže diskontinuiteta. Takav model omoguća-
va pouzdanije definiranje veličine i oblika jediničnog bloka u 
stijenskoj masi, što je od velike važnosti u raznim područjima 
primjene geološkog inženjerstva i neposredno utječe na sma-
njenje rizika prilikom geotehničkih zahvata u stijenskoj masi.
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This doctoral dissertation involved the investigation of the spati-
al orientation and interval between discontinuities in the rock 
mass in Mesozoic carbonate rocks, which, in addition to the sta-
bility, represent the two major geometric characteristics of the 
discontinuity network. Two methods are elaborated in the disser-
tation of recording and providing a quantitative description of 
these two characteristics to better understand and quantify the-
ir impact on the rock mass behaviour. The investigations were 
performed in the Mesozoic limestone rocks of the four Istrian qu-
arries: Kirmenjak, Kirmenjak V, Kanfanar and Križarovica.

To quantify the discontinuity of the network objectively, the stan-
dard methods of measurement and the non-contact method of 
measurement by the system ShapeMatriX3D were utilised, as we-
ll as methods of separation of the sets of discontinuities by the 
contour diagrams, methods of grouping (fuzzy k-means cluste-
ring) and statistical analyses of orientation and normal spacing of 
the separate discontinuity sets.

The results presented in the dissertation represent a significant 
contribution to the application of the described measurement 
methods and the statistical analysis of the elementary geometri-
cal features of the discontinuities in defining the stochastic 3D 
model of the discontinuity network. Such a model enables more 
reliable definition of the size and shape of the unit block in the 
rock mass, which is indispensable in various fields of applied ge-
ological engineering and directly influences the reduction of risk 
during geotechnical interventions in the rock mass.
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Pleistocenski praporni profili su izvrsni fosilni zapisi paleokli-
matskih promjena te ih je nužno proučavati koristeći raznu me-
todologiju u svrhu što detaljnije interpretacije i rekonstrukcije. 
Međutim, da bi se razumjeli dobiveni rezultati i da bi se takav 
multidisciplinaran pristup mogao interpretirati, nužno je posta-
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Pleistocene loess profiles are excellent fossil records of palaeocli-
matic changes, which is why these profiles should be studied 
using diverse methodology with the purpose of further interpre-
tation and reconstruction. However, to understand the obtained 
data and operate with such a multidisciplinary approach, a deta-
iled geochronological model must be established. In general, two 
types of terrain covered with loess can be distinguished in Croa-
tia: the north Adriatic area related to the Po River and its tributa-
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viti detaljan geokronološki okvir. 
Općenito, u Hrvatskoj se mogu ra-
zlikovati dva područja zastupljena 
praporom; područje sjevernog Ja-
drana vezano uz rijeku Po i njene 
pritoke te područje istočne Hrvat-
ske uz rijeku Dunav i pritoke. Za 
istraživanje u svrhu izrade disertaci-
je odabrani su najreprezentativniji 
profili, oni s otoka Suska i Gorjano-
vićev praporni profil u Vukovaru. Pri-

mjenom metode infracrvene stimulirane luminescencije (IRSL), 
metode koja je uspješna pri datiranju kvartarnih eolskih sedi-
menta, prezentiran je geokronološki okvir istraživanih profila. 
Rezultati nam govore kako je na Susku sačuvan vrlo detaljan 
zapis paleoklimatskih promjena vezanih uz zadnji glacijal (OIS5 
i vjerojatno OIS6 ili stariji) jedinstven u ovom području. Gorja-
novićev praporni profil se može korelirati s predzadnjim glaci-
jalom–zadnjim interglacijalom–zadnjim glacijalom (OIS6-2).

ries and the area of north Croatia along the Danube River and its 
tributaries. For the purpose of this dissertation, the most repre-
sentative profiles were selected for investigation, including those 
from the Susak Island and the Gorjanović’s loess profile in Vuko-
var. By use of infrared stimulated luminescence (IRSL), the method 
that is successful in the dating of Quaternary Aeolian sediments, 
the geochronological framework of the explored profiles is pre-
sented in this work. The results indicate that Susak Island has a 
notably detailed preserved record of the palaeoclimatic changes 
associated with the last glacial period (OIS5 and most likely OIS6 
or older), which is unique in this area. Gorjanović’s loess profile 
can be correlated with the penultimate glacial–last interglacial–
last glacial period (OIS6-2).  
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U disertaciji su prikazani rezultati multidisciplinarnog geološ-
kog istraživanja kojim su obuhvaćene naslage donjeg miocena 
na području sjeverozapadne Hrvatske.
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This dissertation presents the results of a multidisciplinary geolo-
gical exploration that covers the sedimentary rock of the Lower 
Miocene in the territory of northwest Croatia.
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Detaljnom analizom interpretirani su facijesi na pojedinačnim 
izdancima i geološkim stupovima. Prvi put je određivana starost 
naslaga K-Ar metodom na zrnima glaukonita separiranim iz se-
dimenata. Opisano je 17 različitih facijesa koji predstavljaju plit-
kovodne marinske, posebice plimske, okoliše te deltne taložne 
sustave i pojave vulkanske aktivnosti. Facijesi su svrstani u lito-
stratigrafske članove i formacije. Izradom geološke karte objaš-
njeni su međusobni odnosi litostratigrafskih jedinica. Konstruk-
cijom geoloških profila, repernih geoloških stupova, modela 
sedimentacije i paleogeografskih karata objašnjena je povijest 
taložnog prostora, rekonstruirana paleogeografija i utjecaj tek-
tonike na sedimentaciju. Izražena tektonika i rotacije struktur-
nih blokova dokumentirane su rezultatima paleomagnetskih 
mjerenja. 

U radu je istaknuta značajna usporedba istraživanog dijela ba-
zena Hrvatskog zagorja s drugim dijelovima prostora Panon-
skog bazena, pokazujući sličnosti u većini predjela donjomio-
censkog jedinstvenog morskog prostora. Through a detailed analysis, the facies were interpreted from the 

individual outcrops and geological columns. The age of the sedi-
mentary rocks was determined for the first time by the K-Ar met-
hod on the grains of galuconite separated from the rock. A total 
of 17 various facies, representing shallow-water marine envi-
ronments (especially tidal), deltaic sedimentary systems and vol-
canic occurrences, are described. The facies are classified in the 
lithostratigraphic members and formations. A geological map 
was used to explain the interrelations of the lithostratigraphic 
units. The history of the depositional environment, palaeogeo-
graphy and tectonic influence on sedimentation are explained 
by construction of the geological profiles, index geological co-
lumns, models of sedimentation and palaeogeographic maps. 
The marked tectonics and rotation of the structural rocks are do-
cumented by the results of the palaeomagnetic measurements.

In this work, a comparison of the explored portion of the Croati-
an Zagorje Basin was emphasised, due to the similarity observed 
in most parts of the unique Lower Miocene marine environment.

 Kosa slojevitost tipa „riblje kosti” i muljne prevlake u glaukonitnim 
pješčenjacima Macelj formacije lokaliteta Osredečki (Strahinščica).

Tilted layering of the „fishbone” type and mud coatings in glauconite 
sandstones of the Macelj formation on the Osredečki locality (Strahinščica)..
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Prapor je sediment nastao ta-
loženjem čestica silta eolskim 
transportom. Zbog svojih ka-
rakteristika predstavlja kvali-
tetan zapis klimatskih pro-
mjena u kasnom pleistocenu. 
Najdeblji profili prapora u Re-
publici Hrvatskoj nalaze se u 
regiji Baranja. Odabrana su 
četiri izdanka koji čine dva 
profila prapora. Analizom se-
dimentoloških karakteristika 
prapora i odredbom specifič-
nih zajednica malakofaune 
utvrđeno je izvorišno područ-
je prapora, način transporta 
zrna silta te intenzitet utjecaja 
paleoklimatskih promjena na 
malakofaunu. Napravljene su 
granulometrijska, kalcimetrijska, modalna, magnetometrijska 
analiza i snimljene su fotografije zrna kvarca elektronskim mi-
kroskopom. Određene su specifične zajednice malakofaune, a 
analizom stabilnih izotopa kisika i ugljika na kućicama mala-
kofaune kvantificirani su podatci o paleoklimatskim promje-
nama. Modalne analize pokazuju da je izvorišno područje za 
naslage prapora u Baranji prostor Alpa te manjim dijelom za-
padnih Karpata. Teksture vidljive na površinama zrna ukazuju 
na različite načine transporta kvarcnih zrna, a uključuju glaci-
jalni transport, transport vodenim tokovima i eolski transport. 
Eolski transport je proksimalnog karaktera. Prapor Banskog br-
da može se podijeliti na tipični prapor, padinski prapor i leso-
liki sediment. U oba profila prapora utvrđeno je pet hladno-
dobnih, karakterističnih malakofauna. Prevladavaju termofilne 
i mezofilne vrste s manjim udjelom kriofilnih vrsta. Dominira 
Helicopsis striata fauna. Stabilni izotopi kisika pokazuju da je 
prosječna temperatura ljetnih mjeseci na području Baranje va-
rirala 14,44 ºC u periodu kasnog pleistocena i klima je bila znat-
no hladnija nego danas. Vrijednosti stabilnih izotopa ugljika 
određuju vrstu prehrane malakofaune i posredno ukazuju na 
pretežno vlažnu klimu.

Loess is sediment formed by 
the deposition of silt particles 
during Aeolian transport. Due 
to the characteristics of loess, 
it presents an excellent record 
of the climate changes in the 
Late Pleistocene period. The 
thickest loess profile in Croatia 
is observed in the Baranja re-
gion. Four outcrops forming 
two loess profiles were selec-
ted for analysis. By the analysis 
of the sedimentological cha-
racteristics of loess and by de-
termination of the specific co-
mmunities of microfauna, the 
source area of loess, the mode 
of transport of silt particles, 
and intensity of palaeoclima-

tic changes that affected microfauna were defined. Towards this 
purpose, granulometric, calcimetric, modal and magnetometric 
analyses were performed, and the quartz grains were screened 
using an electronic microscope. Specific communities of mala-
cofauna were determined, and the analysis of a stable isotope of 
oxygen and carbon on the malacofauna shells was used to qu-
antify the data on the palaeoclimatic changes. Modal analyses 
demonstrate that the source areas of the loess deposits in Bara-
nja is the Alpine area and to a lesser extent the area of the west 
Carpathians. The textures visible on the quartz grain surfaces in-
dicate the various modes of their transport, which include glaci-
al, stream and Aeolian transportation. Aeolian transportation is 
proximal in character. The loess of the Bansko Brdo can be divi-
ded into typical loess, slope loess and loess-like sediment. In both 
profiles, five cool period characteristic malacofaunas were deter-
mined. Thermophile and mesophile species are prevalent with a 
lesser quantity of the cryophile species. Helicopsis striata fauna 
dominates. Stable oxygen isotopes indicate that the average tem-
perature of the late summer months on the territory of Baranja 
varied by 14.44 ºC in the period of the Late Pleistocene, and the 
climate was considerably cooler than today. The values of stable 
carbon isotopes define the type of food for malacofauna and in-
directly indicate a prevalently humid climate.
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određivanje najvažnijih čimbenika nastanka ogolina, te odre-
đivanje prosječnog godišnjeg iznosa denudacije na njima. Do-
stizanje navedenih glavnih ciljeva uvjetovalo je podjelu istra-
živanja na razinu uzorka, izdanka i regije (slijeva). Utvrđeno je 
da se godišnji iznos denudacije na ogolinama kreće od 1 do 4 
cm, a kao najvažniji čimbenik nastanka ogolina istaknuta je 
pojava koncentriranog površinskog toka vode u podnožju str-
mih padina. Također je utvrđeno da udio površine ogolina u 
ukupnoj površini terena čini 2 %.

Znanstveni doprinos doktorske disertacije postignut je u vidu 
zoniranja istraživanog područja s obzirom na podložnost for-
miranju ogolina i pojačanu denudaciju, kvantificiranja iznosa 
denudacije na flišnim i laporovitim ogolinama, definiranja naj-
važnijih parametara koji utječu na iznos denudacije te defini-
ranja mogućih mehanizama nastanka ogolina.
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The subject of this dissertation is the denuded areas on the terri-
tory of central Istria that  represent the isolated landscape units. 
These denuded areas originate in an unstable flysch complex wi-
th highly erosive surface water flow. The denuded areas are dis-
tinguished chiefly by a high annual amount of denudation and 
notably complicated combination of exogenic processes. The in-
vestigations presented in this work were aimed at a definition of 
the most important factors of origin of the denuded areas and a 
definition of the average annual amount of denudation on them. 
To attain these objectives, it was necessary to split the research 
work into three levels: sample, outcrop and region (catchment). 
The annual amount of denudation ranges was found to range 
from one to four centimetres, while the most important factor of 
their genesis was found to be represented by the concentrated 
surface water flow at the foot of steep slopes. In addition, that 
portion of denuded areas in the total surface area was determi-
ned to amount to 2%.

The scientific contribution of the doctoral dissertation was achi-
eved through the zoning of the explored area with respect to the 
predisposition for the genesis of the denuded areas and the in-
tensified process of denudation, the definition of the most signi-
ficant parameters affecting the amount of denudation and the 
definition of the possible mechanisms of genesis of the denuded 
areas.
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