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Geomorfoloska obiljezja kao element

georaznolikosti Ivancice

Geomorphological features as an element
of geodiversity of Ivancica Mountain

Rad se temelji na analizi geomorfoloskih obiljezja
Ivandice kao elementu georaznolikosti. Terenskim
radom i GIS analizom utvrden je fluviokr§ kao
dominantan morfogenetski tip reljefa na >70 %
istrazivanoga podrudja. Kljuéne reljefne znacajke
uklju¢uju izrazenu vertikalnu rasclanjenost, razvoj mreza
ponikava i znacajne hidrogeoloske elemente, poput
izvora te ponora Sebastjanovec. Istrazivanje naglasava
medudjelovanje litoloske grade, tektonske aktivnosti
i povrdinskih procesa u oblikovanju reljefa. Ivancica
predstavlja  kljuénu hidrolosku razvodnicu izmedu
porjedja Drave i Save, s raznolikim tipovima dolinskih
mreza koji odrazavaju endogene i egzogene utjecaje.
Unato¢ svojoj geomorfoloskoj i krajobraznoj vrijednosti
Ivancica jo$ uvijek nije zasticena. Ovo istraZivanje
pruza znanstvenu osnovu za njezinu zastitu u skladu
s principima georaznolikosti i geobastine. Dobiveni
rezultati s geomorfoloskom kartom temelj su za buduca
interdisciplinarna istraZivanja te isticu vaznost Ivancice
u regionalnoj georaznolikosti i odrzivom upravljanju
krajobrazom.

Kljuéne rije¢i: geomorfoloska analiza, orografija,
fluviokrs, georaznolikost, zastita krajobraza, Ivancica
(Hrvatsko zagorje)

This paper is based on an analysis of the
geomorphological features of Ivancica Mountain as an
element of geodiversity. Fieldwork and GIS analysis
identified fluviokarst as the dominant morphogenetic
relief type, covering more than 70% of the study area.
Key features include pronounced vertical dissection,
the development of doline networks, and significant
hydrogeological elements such as springs and the
Sebastjanovec Ponor. The research highlights the
interplay of lithological composition, tectonic activity,
and surface processes in shaping the relief. Ivancica is a
crucial hydrological divide between the Drava and Sava
river basins, with diverse valley network types reflecting
both endogenous and exogenous influences. Despite its
geomorphological and landscape value, Ivancica remains
unprotected. This study provides a scientific basis for its
conservation in line with geodiversity and geoheritage
principles. The results, including a geomorphological map,
form the foundation for future interdisciplinary research
and underscore the importance of Ivancica in regional
geodiversity and sustainable landscape management.
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Uvod

Ivancica (Ivanscica, Ivonjcica, Ivonjicica), sa
svojih 1060 m nadmorske visine, najvisa je pla-
nina Hrvatskoga zagorja. Tijekom geologke i ge-
omorfoloske evolucije na Ivanéici su oblikovane
geoloske i geomorfoloske forme te pedoloske
tvorbe koje ¢ine osnovu njezine georaznolikosti
u smislu kako je definira Gray (2013). Unatoc
svojim vrijednostima Ivancica nije zasti¢eno po-
drugje (u smislu Zakona o zastiti prirode). No,
ideja zastite ve¢ dugo je prisutna u stru¢nim kru-
govima (Kusen, 2011), a kao pitanje se (zajedno
s ostalim zagorskim gorama) postavlja i u Hr-
vatskom saboru (Hrvatski sabor, 2022). Nakon
§to je 2013. izradena studija ,Regionalni park

Hrvatsko zagorje — stru¢na podloga za zastitu”

(MINGOR ZZOP, 2024), pitanje zastite ovo-
ga prostora ponovno se aktualizira 2022. godine
kada Varazdinska i Krapinsko-zagorska Zupa-
nija Zavodu za zastitu okolisa i prirode tadas-
njega MINGOR-a upuéuju zahtjev za reviziju
navedene studije i promjenu kategorije zastite,
tj. pokretanja procedure za proglasenje sada ne
regionalnoga parka, nego parka prirode. U prvoj
polovici 2024. izradena je nova stru¢na podlo-
ga za proglasenje parka prirode koji, uz Macelj,
Ravnu goru i Strahinj¢icu ukljucuje i Ivancicu
(MINGOR ZZOP, 2024). Do trenutna dovr-
Savanja ovoga Clanka (veljaca 2025.) zastita jo$
uvijek nije proglasena.

Odredena forma zastite na ovom prostoru veé
postoji. Sredisnji prostor Ivancice jest podrudje
ekoloske mreze Natura 2000 HR2000371 Vr$ni
dio Tvancice (POVS — podrudje ocuvanja vazno
za vrste i stani$ne tipove), §to je nespretni naziv
s obzirom na to da granica POVS-a obuhvaca i
veliki dio izvan ,vr$noga dijela” (za koji nije bas
jasno na $to se odnosi bududi da se npr. u dolini
Zeljeznice granica spusta ispod 300 m n. v. i u
geomorfoloskom smislu obuhvaca prostor koji ni
u kojem slucaju nije dio vr$ne zone (Bioportal, n.
d.). Iako je zakonski i pravni status georaznoli-
kosti u Hrvatskoj jednak statusu bioraznolikosti
i krajobrazne raznolikosti, jos uvijek ne postoji
sustavna zaStita i upravljanje georaznolikoséu
(Butorac i Talaja, 2021). Ovaj problem nije svoj-
stven samo Hrvatskoj, ve¢ postoje brojni primje-
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Ivandica (Ivanscica, Ivonjdica, or Ivonjilica), at
1,060 meters above sea level, is the highest mountain
in the Hrvatsko Zagorje region. During geological
and geomorphological evolution, geological and geo-
morphological forms and pedological formations were
formed on Ivanéica, which represent the basis of its ge-
odiversity as defined by Gray (2013). Despite its signif-
icant value, Ivancica is not a protected area under the
Croatian Nature Protection Act. However, the idea of
protecting it has long been present in professional cir-
cles (Kusen, 2011) and has even been raised as an issue
in the Croatian Parliament, alongside other mountains
of Hrvatsko Zagorje (Croatian Parliament, 2022). In
2013, a study titled ‘Regional Park Hrvatsko Zagorje —
Expert Basis for Protection” (MESD IEN, 2024) was
developed, bringing the issue of Ivanéica’s protection to
the forefront. In 2022, Varazdin and Krapina-Zagorje
counties submitted a request to the Environmental
Protection and Nature Conservation Institute of the
then Ministry of Economy and Sustainable Develop-
ment (MESD) to revise the aforementioned study and
change the protection category. This initiated the pro-
cedure for declaring the area, not as a regional park but
as a nature park. In the first half of 2024, a new expert
basis was developed for declaring a nature park that,
in addition to Ivancica, includes Macelj, Ravna Gora,
and Strahinj¢ica mountains (MESD IEN, 2024). As
of the completion of this article (February 2025), the
protection has yet to be officially declared. But, a form
of protection for this area already exists.

A certain form of protection already exists in this
area. The central part of Ivandica is part of the Natura
2000 ecological network, designated as HR2000371
Vrsni dio Tvancice (SAC — Special Area of Conserva-
tion). However, this designation is somewhat mislead-
ing, as the boundaries of the SAC extend well beyond
the so-called “summit area,” which is itself an ambig-
uous term. For instance, in the Zeljeznica Valley, the
boundary descends below 300 m a.s.1. and geomorpho-
logically includes areas that cannot be considered to be
a part of the summit zone (Bioportal, n.d.). Although
geodiversity in Croatia has the same legal and regula-
tory status as biodiversity and landscape diversity, there
is still no systematic protection or management of ge-
odiversity in the country (Butorac and Talaja, 2021).

This issue is not unique to Croatia; numerous exam-

ri iz svijeta gdje se prioriteti konzervacije, zastite
i upravljanja dominantno usmjeravaju prema
bioloskoj komponenti krajobraza, dok to isto-
vremeno reflektira slabu zastupljenost i uprav-
ljanje geobastinom (Pontes i dr., 2018). Upravo
zato temeljni ciljevi ovoga rada vezu se uz kori-
Stenje metoda detaljne digitalne geomorfoloske
analize i sinteze s ciljem spoznaje temeljenih
odnosa morfografskih, morfometrijskih i mor-
fogenetskih pokazatelja te strukturnih i egzo-
geomorfologkih znacajki istrazivanoga prostora
kao temeljnih odrednica georaznolikosti Ivan-
dice i njezine funkcionalne vrijednosti, odnosno
uloge u krajobrazu i za zivi svijet i za lokalno
stanovniStvo. Rezultatima rada nastoji se pruzi-
ti znanstvena podloga i dodatna argumentacija
za progladenje zasti¢enoga podrudja uz aktivno
poticanje daljnjih znanstvenih istrazivanja i ini-
cijativa usmjerenih prema jednaku ocuvanju svih
prirodnih vrijednosti Ivancice

Toponimija

Koristenje oronima Jvancica u ovom radu ute-
meljeno je u zavi¢ajnom govoru prvoga autora, ali
i s obzirom na starije radove hrvatskih geografa
koji su odavde bili porijeklom i bavili se ovim pro-
storom. Autori su svjesni i uvazavaju Cinjenicu da
u novije vrijeme u literaturi i kartografiji prevla-
dava oblik Ivanséica (iako se kod nekih geografa
koristio i ranije, npr. Bosnjak (1939) ili Rogli¢
(1974a)). Tema ovoga rada nije toponimija, no
vrijedi spomenuti neke ¢injenice jer i ona moze
biti zanimljiva u kontekstu georaznolikosti i ge-
obastine. U svom diplomskom radu Z. Pepeonik
(1958), hrvatski geograf rodom iz Varazdina i po-
znavatelj toga prostora, zapisao je: ,,Zagorci danas
tu planinu nazivaju Ivanéica, no ponekad, vrlo
rijetko, moze se ¢uti da je zovu Ivanidica ili ¢ak
Ivanj$éica. Na juznom prigorju vrlo rijetko ¢emo
¢uti koji drugi izraz osim Ivanéica, no na sjevernoj
strani planine, a narocito u prigorju Ravne Gore,
moze se Cesce Cuti izraz Ivanséica, osobito od sta-
rijih ljudi.” Oronim Ivanéica upotrebljavao je i ge-
ograf I. Crkvenci¢ (1951; 1957; 1958) te geolog
akademik M. Malez (1952; 1984), rodom iz Ivan-

ca. Opc’enito je povijest koriStenja toga oronima u

ples worldwide show that conservation, protection, and
management priorities are predominantly focused on
the biological component of the landscape, often re-
flecting a lack of representation and management of
geoheritage (Pontes et al., 2018). For this reason, the
primary goals of this paper are tied to the application of
detailed digital geomorphological analysis and synthe-
sis methods. The aim of this paper is to understand the
fundamental relationships between morphographic,
morphometric, and morphogenetic indicators, as well
as the structural and exogeomorphological features
of the studied area, as key determinants of Ivancica’s
geodiversity and its functional value. This includes its
role in the landscape and its significance for both living
organisms and the local population. The results of this
research aim to provide a scientific basis and addition-
al arguments for declaring Ivandica a protected area,
while actively encouraging further scientific research
and initiatives focused on the equal preservation of all
natural values of Ivancica.

Toponymy

'The use of the oronym “Ivancica” in this paper is
rooted in the native language of the primary author,
as well as in earlier works by Croatian geographers
originally from this area who studied it extensively.
'The authors acknowledge and respect the fact that the
term “Ivans¢ica” has become more prevalent in con-
temporary literature and cartography, although some
geographers have used it in the past, such as Bosn-
jak (1939) and Rogli¢ (1974). Although toponymy is
not the primary focus of this study, it is worth men-
tioning certain facts, as they can also be interesting
in the context of geodiversity and geoheritage. In
his thesis, Z. Pepeonik (1958), a Croatian geogra-
pher from Varazdin familiar with this area, noted:
“Today, the locals in Zagorje call the mountain Ivanci-
ca, although, very rarely, one may hear it referred to as
Ivanscica or even Ivanjséica. In the southern foothills,
we will rarely hear any term other than Ivandica, but
on the northern side of the mountain, particularly in
the Ravna Gora foothills, the term Ivanscica is more
commonly used, especially among older individuals.”
'The oronym ‘Ivancica’ was also used by geographer 1.
Crkvenci¢ (1951; 1957; 1958) and geologist and aca-
demic M. Malez (1952; 1984), who was born in Ivanec.
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kartografiji i literaturi jako zanimljiva i predstavlja
zasebni istrazivacki izazov kojemu bi se trebalo
posebno posvetiti te provesti opseznu analizu kar-
tografskih izvora, povijesnih spisa i literature. U
ranom srednjem vijeku Ivancica se nazivala Ocura
(Duri¢, 1984). Danas je toponim O¢ura u uporabi
samo za naselje, potok te predio na brdima Hum
(475 m) i Brdo (498 m) u zapadnom ogranku
Ivancice. Na Glavacevoj karti Hrvatske iz 1673.,
zapisano je Ivanstsitza M. (Melem Hajdarovié,
2023) pa nije posve to¢na tvrdnja da je I. Beloste-
nec prvi u svom Gazophylaciumu iz 1740. zabi-
ljezio oblik Ivanséica, odnosno Ivantchicza (Kras,
2003). U istom obliku na svojoj karti Hrvatske
(1689.) ima ga i J. W. Valvasor te kasniji kartogra-
fi, koji su ga vjerojatno preuzeli od Glavaca (Kras,
2003; Vilici¢, 2023). Oronim Jvanchicza zapisan
je na austrougarskoj topografskoj karti Provinz
Kroatien (1783. — 1784.) Prve vojne izmjere, dok
se na topografskim kartama Druge i Treée vojne
izmjere pojavljuje oblik Jvanscica, odnosno Ivan-
s¢ica (MAPIRE, n.d.). Zanimljivo je da se u prvim
¢lancima i vijestima o Ivancici objavljenim u ¢a-
sopisu Hrvatski planinar 1898. 1 1899. koristi lik
Tvanséica. B. Kukuljevi¢ (1901) izvjescuje o osnut-
ku podruznice HPD-a u Ivancu koju su osnivaci
nazvali ,Ivancica”. Pojam Ivancica u nizu ¢lanaka
toga utjecajnog planinarskog Casopisa prevladava
u sljede¢ih 7-8 desetljeca (HPS, n.d.). U svojim
su ga geografskim radovima i monografijama ko-
ristili geograf P. Matkovi¢ (1875), zatim V. Klai¢
(1878) i prirodoslovac D. Hirce (1905), kao i plani-
nari, istrazivadi i pisci (Krag, 2003). Kasnije u lite-
raturi i kartografiji pocinje prevladavati Tvanscica
(Babi¢, 2001; ur. Borovac, 2002; Buzjak, 2017;
DGU RGI, n.d.).

Prostorni obuhvat istrazivanoga podrucja

Ivancica se, kao planina SZ Hrvatske, nalazi iz-
medu Strahinjéice na zapadu te doline Lonje na
istoku. Prema I. Crkvenci¢u (1958) Desinicka gora,
Kunagora, Strahinjcica i Ivancica &ine planinski niz
Tvancice. Sa sjevera prirodnu granicu tvori dolina ri-
jeke Bednje, dok s juzne strane prirodna granica nije
Cvrsto odredena, veé je karakterizira $iroka predgor-
ska stepenica i dolinski prostori potoka Loborske
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'The history of this oronym’s usage in cartography and
literature is generally fascinating and represents a sep-
arate research challenge requiring a comprehensive
analysis of cartographic sources, historical records,
and literature. In the early Middle Ages, Ivancica was
called Ocura (Puri¢, 1984). Today, the name ‘Ocura’
is used only for a settlement, a stream, and an area
on the hills of Hum (475 m) and Brdo (498 m) in
the western branch of Ivancica. On Glavac’s map of
Croatia from 1673, the name appears as ‘Ivanstsitza’
(Melem Hajdarovi¢, 2023). Hence, the claim that I.
Belostenec was the first to record the name “Ivansci-
ca” (or “Ivantchicza”) in his Gazophylacium (1740) is
not entirely accurate (Krag, 2003). The same form ap-
pears on J. W. Valvasor’s map of Croatia (1689) and
in subsequent cartographers’ works, likely adopted
from Glava¢ (Kras, 2003; Vilici¢, 2023). The oronym
‘Ivanchicza’ was recorded on the Austro-Hungarian
topographic map Provinz Kroatien (1783-1784) from
the First Military Survey, while the forms ‘Ivanséica’
or ‘Ivanscica’ appear on topographic maps from the
Second and Third Military Surveys (MAPIRE, n.d.).
Interestingly, early articles and news about Ivancica
published in Hrvatski planinar in 1898 and 1899 used
the form ‘Ivans¢ica.’ B. Kukuljevi¢ (1901) reported the
establishment of a CMA branch in Ivanec, named
‘Ivanéica’ by its founders. This form prevailed in ar-
ticles from this influential mountaineering journal
for the next seven to eight decades (CMA, n.d.). The
term ‘Ivancica’ was also used in geographical works
and monographs by geographer P. Matkovi¢ (1875), V.
Klai¢ (1878), and naturalist D. Hirc (1905), as well as
by mountaineers, researchers, and writers (Krag, 2003).
Later, the term ‘Ivanscica’began to dominate literature
and cartography (Babi¢, 2001; ed. Borovac, 2002; Buz-
jak,2017; CGA RGN, n.d.).

Spatial Scope of the Study Area

Ivancica Mountain in northwest Croatia lies be-
tween Strahinjéica Mountain to the west and the
Lonja Valley to the east. According to I. Crkvenci¢
(1958), Desinic¢ka Gora, Kunagora, Strahinjcica, and
Ivancica form the Ivandica Mountain Range. The
northern boundary is defined by the Bednja River
Valley, while the southern boundary is less distinct,
characterized by a broad foothill (glacis) and the valley

reke i Velike rijeke, pritoka rijeke Krapine (sl. 1).
Ivancica kao takva ¢ini prirodnu razvodnicu izmedu
Bednje i Krapine, a time Drave i Save. Buduéi da
na Ivancici trenutno ne postoje zakonski definirane
granice zastiCenoga podruéja, osim granica ekoloske
mreze Natura 2000 koje obuhvacaju povriinu vecu
od 60 km?, granice podrudja istrazivanja definirane
su koristenjem nekoliko kvantitativnih i kvalitativ-
nih pokazatelja. Osnovni je cilj bio izdvajanje najra-
§¢lanjenijega prostora s minimalnim antropogenim
utjecajima, pod pretpostavkom najvece georaznoli-
kosti.Na DMR-u 10x 10 m kao prvi pokazatelj ko-
ridten je topografski pozicijski indeks (TPI) kojim
se iskazuje vrijednost razlike nadmorske visine neke
Celije DMR-a i prosje¢ne nadmorske visine defi-
niranoga susjedstva koje okruzuje tu éeliju (Weiss,
2001). S obzirom na to da ne postoji jedinstvena i
literaturno definirana vrijednost radijusa susjedstva,
proces odabira radijusa ¢esto je iterativni proces koji
uklju¢uje metodu pokusaja i pogreske (Zwoliriski

areas of the Loborska Reka and Velika Rijeka streams,
tributaries of the Krapina River (Fig. 1). Ivancica thus
serves as a natural watershed divide between the Bed-
nja and Krapina rivers and, consequently, between the
Drava and Sava basins. Since Ivancica currently lacks
legally defined boundaries as a protected area, apart
from Natura 2000, which covers an area exceeding
60 km?, the study area boundaries were determined
using several quantitative and qualitative indicators.
'The primary goal was to delineate the most dissected
terrain with minimal anthropogenic impact, assum-
ing it would have the greatest geodiversity. The first
indicator used was the Topographic Position Index
(TPI) applied to a 10x10 m DEM. The TPI meas-
ures the difference in elevation between a DEM cell
and the average elevation of its surrounding neigh-
borhood (Weiss, 2001). As there is no universally-de-
fined or literature-established value for the neighbor-
hood radius, the selection process is often iterative
and involves the trial-and-error method (Zwolifiski

SI. 1. Prostorni obuhvat i geografski polozaj istrazivanoga podrucja
Fig. 1 Spatial extent and geographical location of the study area

lzvor: izradili autori na temelju podataka DMR-a 10 x 10 m Geografskog odsjeka (n.d.a); DGU (2013)
Source: created by authors based on: DEM 10 x 10 m from the Department of Geography (n.d.a); CGA (2013)
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SI. 2. Metodolo3ki okvir odredivanja granica istrazivanoga podrucja. a) Topografski pozicijski indeks (TPI), b) vertikalna rasClanjenost reliefa
Fig. 2 Methodological framework for defining the boundaries of the study area. a) Topographic Position Index (TPI), b) Vertical dissection of the relief

lzvor: izradili autori na temelju podataka DMR-a 10 x 10 m Geografskog odsjeka (n.d.a)
Source: created by authors based on: DEM 10 x 10 m from the Department of Geography (n.d.a)

i Stefariska, 2015). Stoga je za radijus susjedstva
odabrana vrijednost 100 m, sto je dalo zadovolja-
vajuce rezultate u smislu diferencijacije orografskih
i morfostrukturnih karakteristika te ras¢lambe ge-
omorfoloskih cjelina (sl. 2a). Kao sekundarni po-
kazatelj koriStena je vertikalna rad¢lanjenost reljefa
(sl. 2b). U konag¢nici, granica podrudja definirana je
vektorizacijom izohipsi s TK25 (Geoportal DGU,
n.d.). Vektorizacija je obavljena dominantno u zoni
vertikalne ra¢lanjenosti reljefa > 300 m/km?, pod
osnovnom pretpostavkom da rasclanjeniji prostor
ujedno ima i veéu georaznolikost. Bududi da oko
zone > 300 m/km? ne postoji jedinstvena zatvorena
izohipsa, napravljeni su postupni prijelazi izohip-
sa u rasponu 300 — 500 metara n. v. Pritom je cilj
bio izdvajanje $to manjih povrsina pod naseljima
i antropogenim reljefom uz istovremeno $to dulje
zadrZavanje linije vektorizacije na odredenoj glav-
noj izohipsi da bi se maksimalno reducirali prijelazi
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& Stefariska, 2015). A neighborhood radius of 100
m was selected, yielding satisfactory results in terms
of differentiating orographic and morphostructural
characteristics and distinguishing geomorphological
units (Fig. 2a). The secondary indicator was vertical
dissection of the relief (Fig. 2b). Ultimately, the study
area boundary was defined through the vectorization
of contour lines from the TK25 topographic map
(Geoportal CGA, n.d.). Vectorization was predom-
inantly performed in zones where vertical dissection
exceeded 300 m/km?, under the assumption that more
dissected terrain also exhibits greater geodiversity.
Since no single closed contour line exists around the
>300 m/km? zone, transitional contour lines ranging
from 300 to 500 m a.s.l. were used. The goal was to
minimize the inclusion of settlements and anthropo-
genic landscapes while maintaining the vectorization
line along a major contour line for as long as possible,
thereby reducing transitions between contour lines.

izmedu izohipsa. Tako je dobiveno podruéje koje
obuhvaca sredisnji i zapadni dio hrpta Ivancice po-
vrsine 50,4 km? Od izgradenih povrsina ukljuceno
je samo seosko naselje Stari Golubovec u JZ dijelu
istrazivanoga podrudja.

S obzirom na geomorfoloski polozaj istrazivani
prostor dio je subgeomorfoloske regije koju €ini
zajedno sa Strahinj¢icom i Varazdinsko-toplickim
gorjem unutar regije Gorsko-zavalskog podrucja sje-
verozapadne Hrvatske (Bognar, 2001). U admini-
strativnom smislu nalazi se u Varazdinskoj i Kra-
pinsko-zagorskoj Zupaniji.

Pregled dosadasnjih istrazivanja

Ivandica je dugo vremena bila istrazivana zbog
svojih geoloskih, hidrogeoloskih i geomorfoloskih
karakteristika (Simuni¢ i Hec¢imovi¢, 2006). Naj-
detaljnija geoloska istrazivanja Hrvatskoga zagorja
i Ivancice provode Simuni¢ i dr. (1981) te Anici¢
i Juriga (1985) za potrebe OGK listova Varazdin i
Rogatec. Speleoloska istrazivanja zapocinju gotovo
jednako rano kao i geoloska. Pregled njihova tijeka
i rezultata do 2011. godine objedinili su R. Ozimec
i D. Sincek (2011) koji su dali znacajan doprinos,
uz Z. Cukovica (1995), i novijim istrazivanjima. U
razdoblju 2003. — 2009. godine ¢lanovi Hrvatskoga
biospeleoloskog drustva obavljaju speleoloska istra-
Zivanja te je 2008. godine izraden biospeleoloski
katastar Ivancice (Ozimec i Sincek 2011; Matisi¢,
2012a). Od 2008. godine Speleoloska udruga Kra-
Sevski zviri iz Ivanca provodi sustavna speleoloska
istrazivanja Ivancice pa je pronadena i istraZena
nekolicina novih speleoloskih objekata (Matisic,
2012a).

Od geografskih istrazivanja Ivancice s geomor-
foloskim doprinosom valja spomenuti doprinos
geografa I. Crkvencica (1951) koji za potrebe
analize agrarnoga krajobraza Bednje piSe o geo-
losko-geomorfoloskim obiljezjima te izdvaja uski
pojas podgorja Ivancice. Isti autor analizirajudi
agrarni krajobraz juznoga dijela Ivancice (1957;
1958) s puno vide detalja obraduje za njegov ra-
zvoj bitna geoloska, geomorfoloska i klimatska
obiljezja.

'The resulting study area encompasses the central and
western ridge of Ivancica, covering 50.4 km?. Among
the built-up areas, only the rural settlement of Stari
Golubovec, located in the SW part of the study area,
is included.

Given its geomorphological position, the study
area is part of a sub-geomorphological region that
includes Strahinjcica and the Varazdinsko-toplicko
Hills, within the Gorsko-Zavalska region of north-
western Croatia (Bognar, 2001). Administratively,
it is located within Varazdin and Krapina-Zagorje

counties.

Review of Previous Research

Ivanc¢ica Mountain has long been studied for its
geological, hydrogeological, and geomorphological
characteristics (Simuni¢ and Heéimovi¢, 2006). The
most detailed geological investigations of Hrvatsko
Zagorje and Ivanéica were conducted by Simuni¢ et
al. (1981) and Anici¢ and Juriga (1985) for the prepa-
ration of geological map sheets (BGM) Varazdin and
Rogatec. Speleological research began almost as early
as geological studies. A comprehensive overview up
to 2011 was provided by R. Ozimec and D. Sincek
(2011), who, along with Z. Cukovi¢ (1995), signifi-
cantly contributed to more recent research. Between
2003 and 2009, members of the Croatian Biospele-
ological Society conducted speleological investiga-
tions, leading to the creation of a biospeleological
cadastre of Ivancica in 2008 (Ozimec and Sincek,
2011; Matisi¢, 2012a). Since 2008, the caving club
Krasevski zviri (Ivanec) has carried out systematic
speleological research on Ivancica, discovering and

exploring several new caves (Matisi¢, 2012a).

Among geographical studies of Ivandica with geo-
morphological contributions, the work of geographer
I. Crkvenci¢ (1951) stands out. For his analysis of the
agrarian landscape of the Bednja region, he discussed
the geological and geomorphological characteristics
of Ivancica, highlighting its narrow foothill (glacis)
belt. In subsequent studies analyzing the agrarian
landscape of Ivancica’s southern slopes (1957; 1958),
Crkvenci¢ provided much more detailed insights into
the geological, geomorphological, and climatic fea-
tures critical to the area’s development.
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Po svojem znacenju izdvajaju se i istrazivanja ori-
jentirana na hidrogeoloski i hidroloski aspekt Ivan-
Cice s ciljem optimalnoga koriStenja podzemnih i
povrsinskih voda, a koja mogu sluziti u razumijeva-
nju historijske i recentne evolucije reljefa (Parlov i
dr., 2016; Hrvatske vode, 2016, Measki i dr., 2019).

Metode rada

Podatci koriteni u geomorfoloskoj analizi
prikupljeni su terenskim radom, analizom litera-
ture i kartografskih izvora: TK25 HTRS/96TM
(Geoportal DGU, n.d.), TK25; VGI, 5. zona: L
270-4-1, 271-3-1 i 271-3-2, listovi Osnovnih
geoloskih karata (OGK) 1 : 100 000: Varazdin,
1.33-69 (Simuni¢ i dr., 1983) i Rogatec, 1.33-68
(Anici¢ i JuriSa, 1984). Analiza i obrada kartograf-
skih materijala napravljena je softverom ArcGIS
Pro. Sve morfometrijske analize napravljene su
u tom softveru iz DMR-a 5 x 5 m (arhiva Geo-
grafskoga odsjeka PMF-a Sveudilista u Zagrebu).
Analizirana su: hipsometrijska obiljezja, nagib pa-
dina, ekspozicija padina, vertikalna ras¢lanjenost
reljefa te profilna i planarna zakrivljenost, zatim
gustoce rasjeda, ponikava i hidrogeoloskih pojava
(izvori-ponori). Analize gusto¢a napravljene su
metodom Kernel density s radijusom kruga 564
m (povrsina = 1 km?). Odabir ovoga radijusa te-
meljen je na subjektivhom i iterativnom pristupu
jer je dao najbolje rezultate u smislu kompromisa
izmedu prevelike ugladenosti i grubosti izlaznoga
rezultata te je omoguéio unificiranost mjerila (1
km?), §to je prema Wandu i Jonesu (1994) u ve-
likom broju slucajeva opravdano. Morfogenetski
podatci prikupljani su kabinetskim i terenskim
metodama. Alatom S/gpe izdvojene su zone nagiba
padina < 10° te iz OGK podrudja karbonatnih sti-
jena i izrazenih rasjeda. Izdvojene zone terenski su
prijedene radi prikupljanja podataka o lokacijama
ponikava. Pritom su sakupljane koordinate i osta-
lih geomorfoloskih oblika. Geomorfologka analiza
sintetizirana je u obliku detaljne geomorfoloske
karte 1 : 40 000. Radi vizualizacije, kao podloga
geomorfoloske karte, uz nagibe padina koristene
su i izohipse izdvojene s navedenih listova TK25

(VGI, 5. zona).

Analiza klimatskih elemenata napravljena je
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Research focused on the hydrogeological and hy-
drological aspects of Ivancica, aimed at the optimal
use of groundwater and surface water, also stands out
due to its relevance for understanding the historical
and recent evolution of the relief (Parlov et al., 2016;

Croatian Waters, 2016; Measki et al., 2019).

Methods

'The data for geomorphological analysis were collect-
ed via fieldwork, literature review, and analysis of car-
tographic sources, including the TK25 HTRS/96TM
map (Geoportal CGA, n.d.), TK25; MGI, Zone 5: L
270-4-1,271-3-1, and 271-3-2, and sheets of the Basic
Geological Maps (BGM) at a 1:100,000 scale: Varaz-
din, 33-69 (Simuni¢ et al., 1983) and Rogatec, 1.33-68
(Anici¢ and Jurisa, 1984). Cartographic material analysis
and processing were performed using ArcGIS Pro soft-
ware. All morphometric analyses were conducted using
the same software from the 5x5 m DEM (archive of the
Department of Geography, Faculty of Science, Univer-
sity of Zagreb). The analyses included hypsometric fea-
tures, slope inclination, slope aspect, vertical dissection
of the relief, and profile and planar curvature. Addition-
ally, the density of faults, dolines and hydrogeological
features (springs and ponors/sinks) were analyzed. Den-
sity analyses were performed using the Kernel Density
method with a circle radius of 564 m (Area = 1 km?).
The selection of this radius was based on a subjective and
iterative approach, as it provided the best results in terms
of balancing excessive smoothness and roughness of the
output while ensuring a unified scale (1 km?), which, ac-
cording to Wand and Jones (1994), is justified in many
cases. Morphogenetic data were collected via both desk-
based and field methods. Using the Slope tool, zones
with slope inclinations <10” were identified, along with
areas of carbonate rocks and prominent faults derived
from the geological maps. These identified zones were
surveyed in the field to collect data on doline locations.
During the process, coordinates of other geomorpholog-
ical features were also recorded. The geomorphological
analysis was synthesized into a detailed geomorphologi-
cal map at a scale of 1:40,000. For visualization purposes,
in addition to slope inclination, contour lines extracted
from the topo TK25 maps (MGI, Zone 5) were used as
the base for the geomorphological map.

'The analysis of climatic elements was conducted

koristenjem rasterskih klimatoloskih karata Hrvat-
ske s podatcima o temperaturama zraka i padalina
DHMZ-a za klimatoloski period 1961. — 1990.
(Zaninovi¢ i dr., 2008). S obzirom na prostornu
rezoluciju 1 x 1 km, podatci su interpolirani me-
todom inverzne udaljenosti (Inverse Distance We-
ighting, IDW). Postoje¢e vrijednosti rasterskih
Celija pretvorene su u skupinu toCaka alatom Ra-
ster to point. Tako su kreirana dva vektorska sloja:
za temperaturu zraka i koli¢inu padalina. Svakoj je
tocki kao atribut dodijeljena vrijednost temperatu-
re zraka, odnosno koli¢ine padalina. Nakon toga je
primijenjena metoda IDW pri kojoj je odabran fik-
sni radijus od 1 km s minimalno 4 tocke potrebne
za procjenu vrijednosti lokacije. Tako su dobiveni
interpolirani podatci blazih prijelaza vrijednosti
koji bolje prostorno odrazavaju odnose temperature
zraka i padalina.

Geoloski okvir istrazivanoga podrucja

Poznavanje geoloskoga sastava i strukture nije
bitno samo zbog rekonstrukcije geneze stijena
i paleoekoloskih uvjeta, ve¢ su ti faktori jedan od
uvjeta geneze i geomorfoloske evolucije reljefa i s
njime povezanih reljefnih oblika. Ivancica je gra-
dena od naslaga u rasponu od gornjega paleozoika
preko mezozoika do neogena i kvartara (Simuni¢
i dr., 1981; Simuni¢ i Heéimovi¢, 2006; Bognar i
dr., 1994). Najstarije stijene vezu se uz gornji pa-
leozoik i pretezito ih ¢ine metamorfozirani pjesce-
njaci (Simunié i dr., 1981; Simuni¢, 1986) uz krajnji
sjeverni dio koji se pruza iznad Lepoglave (sl. 3).
Donjotrijaske naslage prekrivaju zapadni i sredisnji
dio istrazivanoga podrucja u obliku isprekidanoga
pojasa izmedu Prigorca na sjeveroistoku do doli-
ne Ocure na zapadu. U donjem dijelu prevladava
klasti¢na komponenta sajskih naslaga, a u gornjem
karbonatna komponenta kampilskih naslaga (Si-
munié i dr., 1979; Simuni¢ i dr., 1981). U sajskim
naslagama bilo je ekonomski znacajnih naslaga zZe-
ljezne rude koje im daju crvenkastu boju (hematit i
limonit). Ona je prije 200-300 godina eksploatirana
i preradivana izmedu Ivanca i Lepoglave (Simuni¢
i He¢imovi¢, 2006) pa se tamo javljaju elementi
antropogenoga reljefa povezani s rudarstvom. Po-
znati su lokaliteti dolina potoka Zeljeznice, Temni

using raster climatological maps of Croatia, which
included data on air temperature and precipitation
provided by Croatian Meteorological and Hydro-
logical Service (CMHS) for the climatological pe-
riod 1961-1990 (Zaninovi¢ et al., 2008). Given the
spatial resolution of 1x1 km, the data were interpo-
lated using the Inverse Distance Weighting IDW)
method. Raster cell values were converted into a set
of points using the Raster to Point tool, creating two
vector layers: one for air temperature and one for
precipitation. Each point was assigned the respective
air temperature or precipitation value as an attribute.
The IDW method was then applied, with a fixed ra-
dius of 1 km and a minimum of four points required
to estimate the value of a location. The resulting in-
terpolated data provided smoother transitions that
more accurately reflect the spatial relationships be-
tween air temperature and precipitation.

Geological Framework of the Study Area

Understanding the geological composition and
structure is not only essential for reconstructing the
paleoenvironments but also serves as a key factor in
the genesis and geomorphological evolution of relief
and associated landforms. Ivancica is composed of
deposits ranging from the Upper Paleozoic through
the Mesozoic to the Neogene and Quaternary peri-
ods (Simuni¢ et al., 1981; Simuni¢ and Heéimovi¢,
2006; Bognar et al., 1994). The oldest rocks are asso-
ciated with the Upper Paleozoic and predominantly
consist of metamorphosed sandstones (Simuni¢ et
al., 1981; Simuni¢, 1986), located in the far northern
part above Lepoglava (Fig. 3). Lower Triassic depos-
its cover the western and central parts of the study
area in a fragmented belt stretching from Prigorec
in the northeast to the Ocura Valley in the west. The
lower section predominantly comprises clastic Saian
components, while the upper section consists of car-
bonate Campil components (Simuni¢ et al., 1979; Si-
munic et al., 1981). The clastic deposits contain eco-
nomically significant iron ore deposits, giving them a
reddish hue (hematite and limonite). These deposits
were exploited and processed between Ivanec and
Lepoglava approximately 200-300 years ago (Simu-
ni¢ and He¢imovi¢ 2006), resulting in anthropogenic
relief related to mining activities. Notable sites in-
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dol kod Prigorca i rudnik Krasevski zviri (Matigi¢,
2012b). Srednjotrijaske sedimentne stijene (ta-
mnosivi vapnenci i dolomiti sa znatnim udjelom
nekarbonatnih sastojaka) najzastupljenije su na
istrazivanom podrudju. S druge pak strane, naslage
gornjega trijasa isklju¢ivo su karbonatne. Dolomiti s
vapnencima zastupljeni su u sredi$njem i isto¢nom
dijelu, dok je drugi karbonatni kompleks u manjem
udjelu zastupljen na jugu gdje izgraduje male izo-
lirane glavice kao ostatke erodirane navlake (Ba-
bi¢, 1975; Simuni¢ i dr., 1979; Simuni¢ i dr., 1981,
Dedi¢ i dr. 2014). S obzirom na veliku prostornu
zastupljenost trijaske karbonatne naslage vazne su
u smislu pojave krskoga, odnosno fluviokrskoga re-
ljefa. Naime, hidrogeoloskim istrazivanjima otkri-
veno je znacajno dreniranje povr§inske vode kroz
tektonski razlomljene i okrSene trijaske dolomite i
brece u podzemlje, gdje je formiran plitki krgki vo-
donosnik (Mraz i Novosel, 1995). Prijelaz iz trijasa
u juru (lijas) karakterizira dominacija vapnenca sa
sitnozrnom osnovom malene debljine. Ove naslage
zastupljene su u obliku maloga ,,uloska” na jugoisto-
ku podrugja. Jednako tako jursko-kredni sedimenti
dominantno su vapnenacki sa sitnozrnom osnovom
(Babi¢, 1975; Simuni¢ i Heéimovi¢, 2006). Oni se
pruzaju kao uski i isprekidani pojas od Male Ivan-
Cice do kolektorske stanice Zagorskoga vodovoda
(sl. 3). U donjokrednim naslagama prevladavaju
pjescenjaci preko kojih su navuceni gornjotrijaski
vapnenci i dolomiti. Oligocenske i miocenske na-
slage karakterizira sporadi¢na zastupljenost koja
je uvelike koncentrirana na jugozapadnom dijelu
uz dolinu Ocure i podrugja Starog Golubovca. Te
naslage s velikim udjelom lapora i gline okruzuju
Ivancicu, Strahinj¢icu i Ravnu goru, a na istraziva-
nom podrudju markiraju poletak sjeverne i juzne
predgorske stepenice (Simunié i dr., 1979; Simuni¢
i dr., 1981). U naslagama srednjega i gornjega mi-
ocena prevladavaju konglomerati, brece, litotamnij-
ski vapnenci, pjes€enjaci i lapori. One su zastupljene
jedino u juznom i jugoisto¢nom dijelu, odnosno po-
Cetku juzne predgorske stepenice Ivancice (Simuni¢
i dr.,, 1979; Simuni¢ i dr., 1981). Kvartarne naslage
prekrivaju male povrsine, a predstavljene su prolu-
vijalnim i fluvijalnim naslagama u dolinama tokova,
sedimentima koji su produkt padinskih procesa te
spiljskim sedimentima u speleoloskim objektima.
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clude the Zeljeznica stream valley, Temni Dol near
Prigorec, and the Krasevski Zviri mine (Matisi¢,
2012b). Middle Triassic sedimentary rocks, compris-
ing dark gray limestones and dolomites with signifi-
cant non-carbonate components, are the most wide-
spread in the study area. On the other hand, Upper
Triassic deposits are exclusively carbonate, with dolo-
mites and limestones present in the central and east-
ern parts. Another carbonate complex, though less
represented, occurs in the south, forming small iso-
lated hills as remnants of eroded thrust (Babi¢, 1975;
Simuni¢ et al., 1979; Simuni¢ et al., 1981; Dedi¢ et
al., 2014). Given their extensive spatial distribution,
Triassic carbonate deposits are significant for the oc-
currence of fluviokarst relief. Hydrogeological studies
have revealed substantial drainage of surface water
through tectonically fractured and karstified Triassic
dolomites and breccias into the subsurface, forming
a shallow karst aquifer (Mraz and Novosel, 1995).
The transition from the Triassic to the Jurassic (Lias)
is characterized by the dominance of fine-grained
limestone of small thickness. These deposits are rep-
resented as a small ‘insert’in the southeastern part of
the area. Similarly, Jurassic-Cretaceous sediments are
predominantly fine-grained limestones (Babi¢, 1975;
Simuni¢ and He¢imovi¢, 2006). These extend as a
narrow and discontinuous belt from Mala Ivancica
to the collector station of the Zagorje Waterworks
(Fig. 3). Lower Cretaceous deposits primarily consist
of sandstones, over which Upper Triassic limestones
and dolomites have been overthrust. Oligocene and
Miocene deposits are sporadically distributed, mostly
concentrated in the SW part near the Ocura Valley
and the Stari Golubovec area. These deposits, with
a high content of marl and clay, surround Ivancica,
Strahinjéica, and Ravna Gora, marking the northern
and southern foothills (glacis) of the area (Simuni¢
et al., 1979; Simuni¢ et al., 1981). Middle and Upper
Miocene deposits are dominated by conglomerates,
breccias, lithothamnian limestones, sandstones, and
marls. These are limited to the south and south-
eastern parts of the area, forming the beginning of
Ivancica’s southern foothill (glacis) (Simuni¢ et al.,
1979; Simunié et al., 1981). Quaternary deposits cov-
er small areas and are represented by proluvial and
fluvial deposits in stream valleys, sediments resulting
from slope processes, and cave sediments.

SI. 3. Pregledna geoloska karta i geoloski profil istrazivanoga podrucja
Fig. 3 Overview geological map and geological profile of the study area

lzvor: izradili autori na temelju Simunic i dr. (1983); Anici¢ i Jurisa (1984)

Source: created by authors based on: Simuni¢ et al. (1983); Anici¢ and Jurisa, (1984)

Simuni¢ i Heéimovi¢ (2006) na temelju geo-
loskih znacajki sve zagorske gore grupirali su u
sedam gorskih nizova. Ivancica, zajedno s Kos-
trunom, Kunagorom i Strahinj¢icom, ¢&ini 3.
gorski niz. U odnosu na preostalih $est nizova
on je najjade istaknut te predstavlja jedinstvenu
geomorfolosku cjelinu. Pruzanje orografske osi
toga niza uglavnom je istok-zapad. On utjece i
na temeljne orografske znacajke vidljive u pro-
stornom rasporedu fizi¢ko-geografskih odrednica
prostora — od npr. jasno izrazenih prisojnih i osoj-
nih strana Ivancice s klimatsko-geomorfoloskim
posljedicama (raspodjele temperaturnih i pada-
linskih pojaseva) do rasporeda morfostruktura i
morfometrijskih obiljezja vidljivih u rasporedu
hipsometrijskih pojaseva te glavnih osi i iznosa
vertikalne ras¢lanjenosti reljefa bitnih za reljefne
znacajke.

Based on geological features, Simuni¢ and He¢i-
movi¢ (2006) grouped all the mountains of Hrvat-
sko Zagorje into seven mountain ranges. Ivancica,
together with Kostrun, Kunagora, and Strahinjcica,
forms the third mountain range. Compared to the
other six ranges, it is the most prominent and rep-
resents a unique geomorphological unit. The oro-
graphic axis of this range predominantly extends
east-west, influencing fundamental orographic
characteristics visible in the spatial distribution of
the regions physical-geographical features. This
includes clearly defined sunny and shady slopes of
Ivancica, with climatic-geomorphological conse-
quences (e.g. the distribution of temperature and
precipitation zones), morphostructural arrange-
ments, morphometric features reflected in hypso-
metric zones, and the main axes and degrees of ver-
tical relief dissection, which are critical for defining
relief characteristics.
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Podrugje Hrvatskoga zagorja, u kojem je smje-
§tena Ivandica, tijekom geoloske proslosti vise je
puta bilo zahvaéeno tektonskim pokretima koji su
dio zavrsnih faza hercinske orogeneze i cijeloga alp-
skog orogenetskog ciklusa, no danas se na terenu
uolavaju samo rezultati alpske orogenetske faze.
Vilo snazna tektonska faza odvijala se pocetkom
eocena kada je na podrudju Ivancice doslo do na-
vlalenja paleozojskih i trijaskih naslaga na kredne
naslage. Najmladim tektonskim pokretima krajem
pliocena i pocetkom kvartara sve su orografske cjeli-
ne Hrvatskoga zagorja izdignute na danasnje visine.
Njihov izraz su brojni lomovi duz rasjeda vidljivi iz
morfometrijskih pokazatelja grebena, kosa i dolina
te utjecaj pukotinskih zona duz kojih je oblikovana
razgranata hidrografska mreza te koje su utjecale na
pravce i intenzitet denudacijskih procesa i nestabil-
nosti padina.

Klimatska obiljezja

Klima istraZivanoga prostora prema Kop-
pen-Geigerovoj klasifikaciji mozZe se uvrstiti u
umjereno-toplu vlaznu klimu s toplim ljetom
(Ctb) (Kottek i dr., 2006). Prosje¢na temperatu-
ra zraka najhladnijega mjeseca (sijecanj) za raz-
doblje 1961. — 1990. iznosila je -2,94 °C, dok su
najnize vrijednosti vréne zone iznosile -5,29 °C
(sl. 4a). Dakle, u razdobljima s velikim dnevnim
rasponom temperatura postoje uvjeti za kriofrak-
cijsko trosenje. Prosjecna temperatura najtopli-
jega mjeseca (srpanj) iznosila je 17,17 °C, dok
su minimalne srpanjske temperature ponovno
vezane uz vr$ni prostor iznosile 14,3 °C (sl. 4b).
Prosje¢na godisnja temperatura iznosila je 7,6 °C

(sl. 4c).

Prosje¢na godisnja koli¢ina padalina u nave-
denom razdoblju iznosila je 1114,9 mm (sl. 5e).
Minimum padalina javlja se u meteoroloskoj
zimi (prosjek 201 mm; sl. 5d). Maksimalna ko-
licina padalina vezana je uz meteorolosko ljeto
(prosjek 346,63 mm; sl. 5b). Koli¢ina padalina
meteoroloskoga prolje¢a prosje¢no je iznosila
279,4 mm (sl. 4a), dok je meteoroloski jesenski
period popracen sekundarnim maksimumom s
prosje¢no 288,5 mm (sl. 5¢). Prosje¢ni broj dana
sa snijegom iznosio je 79,2, dok je maksimum ve-
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During its geological history Hrvatsko Zagorje
area, where Ivancica is located, experienced several
tectonic movements as part of the final phases of the
Hercynian orogeny and the entire Alpine orogenic
cycle. However, today, only the results of the Alpine
orogenic phase are observable in the field. A particu-
larly intense tectonic phase occurred at the beginning
of the Eocene, during which Paleozoic and Triassic
deposits were thrusted over Cretaceous deposits in
the Ivancica area. The youngest tectonic movements
at the end of the Pliocene and the beginning of the
Quaternary uplifted all orographic units of Hrvat-
sko Zagorje to their present elevations. Their effects
include numerous faults along fracture zones visible
through morphometric indicators of ridges, slopes,
and valleys, as well as the influence of fracture zones
that shaped the branching hydrographic network and

directed denudational processes and slope instabilities.

Climatic Characteristics

The climate of the study area is classified as a
temperate warm humid climate with warm sum-
mers (Ctb) according to the Koppen-Geiger clas-
sification (Kottek et al., 2006). The average air tem-
perature of the coldest month (January) during the
1961-1990 period was -2.94°C, with the lowest
values recorded in the summit zone (-5.29°C) (Fig.
4a). These conditions suggest that during periods
of significant diurnal temperature fluctuations,
frost weathering processes are possible. The aver-
age temperature of the warmest month (July) was
17.17°C, with the lowest July temperatures, again
associated with the summit zone (14.3°C) (Fig.
4b). The average annual temperature was 7.6°C

(Fig. 4¢).

The average annual precipitation during the spec-
ified period was 1,114.9 mm (Fig. 5¢). The minimum
precipitation occurred during the meteorological
winter, averaging 201 mm (Fig. 5d). The maximum
precipitation was recorded in the meteorological
summer, averaging 346.63 mm (Fig. 5b). Precipita-
tion during the meteorological spring averaged 279.4
mm (Fig. 5a), while the autumn period was associat-
ed with a secondary maximum, averaging 288.5 mm
(Fig. 5¢). The average number of snow-covered days
was 79.2, with a maximum of 117.4 days recorded

SI. 4. ProsieCne vrijednosti temperature zraka za razdoblie 1961. - 1990. ) siecanj, b) srpanj, ) srednja godiSnja temperatura zraka
Fig. 4 Avarage air temperature values for the 1961-1990 period: a) January, b) July, ¢) Mean annual air temperature

lzvor; izradili autori na temelju Zaninovié i dr. (2008)
Source: created by authors based on: Zaninovic et al. (2008)

zan uz najvisi dio iznosio 117,4 dana (sl. 5f). Na
temelju analize prostorne sezonske distribucije
padalina i temperature najtoplijega i najhladni-
jega mjeseca moze se tvrditi da postoji izrazena
zavisnost izmedu reljefa i klimatskih elemenata.
Pritom je izrazen utjecaj nadmorske visine na
smanjenje temperature zraka i porast koli¢ine
padalina vidljiv u svim godisnjim dobima (sl. 4
i 5). Ovakve klimatske prilike uvjetovale su do-
bar razvoj Sumske vegetacije koja je u odredenoj
mjeri bitan ¢imbenik oblikovanja reljefa kroz in-
tercepciju i infiltraciju vode u tlu, modifikaciju
padinskih procesa te proizvodnju velikih koli¢ina
organske tvari bitne za biokemijske procese u tlu.

in the highest parts of the area (Fig. 5f). An analysis
of the spatial and seasonal distribution of precipita-
tion and the temperatures of the warmest and coldest
months indicates a pronounced relationship between
relief and climatic elements. Specifically, elevation
strongly influences the decrease in air temperature
and the increase in precipitation across all seasons
(Figs. 4 and 5). These climatic conditions have sup-
ported the robust development of forest vegeta-
tion, which significantly influences relief formation
through processes such as water interception and soil
infiltration, modification of slope processes, and the
production of large quantities of organic matter es-
sential for biochemical soil processes.
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SI. 5. Prosiecne vrijednosti koli¢ine padalina za razdoblie 1961. - 1990. a) proliece, b) lieto, c) jesen, d) zima, e) srednja godinja kolicina padaling, f)

broj dana sa snjeznim pokrivaCem > 1 cm

Fig. 5 Avarage percipitation values for the 1961-1990 period: a) Spring, b) Summer, c) Autumn, d) Winter, ) Avarage annual percipitation, f) Number

of days with snow cover > |

lzvor; izradili autori na temelju Zaninovi i dr. (2008)
Source: created by authors based on: Zaninovic et al. (2008)

Geomorfoloske znacajke

Orografske znacajke reljefa

Istrazivani prostor se prema morfoloskim znacaj-
kama moze podijeliti u pet orografskih cjelina koje su
dodatno predstavljene morfoloskim profilima (sl. 6).

Sjeverna predgorska stepenica Ivanéice obi-
ljezena je nadmorskim visinama u rasponu 400 —
500 metara, no mjestimi¢no su izrazeni i razredi
nizi od 400 metara. Na istrazivanom prostoru
Sirine je svega 100 — 200 metara te nije morfo-
loski jasno izrazena. Razlog tomu najvjerojatnije
je okomit pravac toka rijeke Bednje u odnosu na
smjer pruzanja sjevernih padina Ivanéice. Time
je visak rastro$noga padinskog materijala tije-
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Geomorphological Features

Orographic Characteristics of the Relief

The study area can be divided into five oro-
graphic units, further illustrated by morphological
profiles (Fig. 6).

Northern Foothill (glacis) of Ivan¢ica features
elevations ranging from 400 to 500 meters, with
some areas dipping below 400 m. In the studied
area, this step is only 100-200 m wide and is not
morphologically well-defined. This is likely due to
the perpendicular flow of the Bednja River rela-
tive to the direction of Ivancica’s northern slopes.
'This has caused the rapid redeposition of slope de-
bris during and after the Pleistocene, shaping the

SI. 6. Orografske cjeline i
morfoloski profil istrazivanoga
podru¢ja

Fig. 6 Orographic units and
morphological profiles of the
study area

[zvor: izradili autori na temelju
DMR-a 5 x 5 m Geografskog
odsjeka (n.d.b)

Source: created by authors
based on: DEM 5x 5 m from
the Department of Geography
(n.d.b)

kom i nakon pleistocena brzo pretalozen, ¢ime
je uvjetovan morfoloski odnos strmijih sjevernih
padina Ivancice u odnosu na juzne. Na uskoj sje-
vernoj predgorskoj stepenici formirani su manji
vodeni tokovi izrazenoga paralelizma i time je
uvjetovan rebrasti reljef.

Koprivnjak-Veliko kalce obuhvaca morfo-
loski izrazen zapadni gorski pojas s najvisim vr-
hovima Koprivnjak (702 m), Vilinska §pica (726
m), Kosenina (727 m) i Veliko kalce (727 m).

steeper northern slopes of Ivancica compared to
the southern ones. Small watercourses with pro-
nounced parallelism have formed on this narrow
foothill (glacis), resulting in a ribbed relief pattern.

Koprivnjak—Veliko Kalce unit encompasses
the morphologically distinct western mountain
range with the highest peaks, including Koprivn-
jak (702 m), Vilinska $pica (726 m), Kosenina (727
m), and Veliko Kalce (727 m). The natural bound-

ary with Ivanéica’s central mountain ridge belt is
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Prirodnu granicu prema sredi$njem uzviSenju
Ivancice ¢ini potok Koprivnjak. Ova grebenska
cjelina obiljezena je relativnom homogenoséu
reljefa s ra¢lanjenim grebenima i vrhovima koji
su medusobno razdvojeni irokim sedlima. Siro-
ka je uglavnom 500 — 1000 m.

Dolina Loborske reke obuhvaéa izrazenu
dolinu potoka Loborske reke i pritoke. Ona je
prirodna granica izmedu dviju cjelina gorskih
pojaseva te je uglavnom vezana uz najniZe do-
linske dijelove. Morfoloski gledano, ovo nije po-
sve homogen prostor. Njezin zapadni dio ¢ine
potoci cjeline Koprivnjak-Veliko kalce i Racki
potok koji je uklijesten izmedu glacis terase Ko-
Senine na sjeveru i glacis terase Gornjeg Pokojca
na jugu. Isto¢ni krak ove cjeline ¢ini potok Lo-
borska reka koji u gornjim dijelovima toka ¢ine
potoci Dugi Jarek i Koprivnjak. Ovaj dio pritoke
dobiva sa sredi$njega gorskog uzvisenja Ivancice,
a pritoci su medusobno razdvojeni nizom strmih

gorskih kosa.

Sredisnje gorsko uzvisenje Ivanéice obuhva-
¢a izrazeni istoCni gorski pojas s najvisim nad-
morskim visinama > 1000 m. Ovo je kompaktna
i relativno homogena cjelina cirkularnoga ocrta
sastavljena od §irokih ras¢lanjenih grebena i ve-
likih zaobljenih vrhova unutar kojih dominira
najvisi vrh Ivancica (1060 m). Ova je cjelina po-
vr§inom najveéa te je mjestimi¢no $irine > 5 km.

Juzna predgorska stepenica Ivanéice cjelina
je nadmorskih visina 300-400 m. Na podrudju
istrazivanja Sirine je svega 100-200 m, no puno
se izrazenije nastavlja dalje juzno izvan podrudja
istrazivanja. Kao kljucan ¢imbenik jace morfo-
loske izrazenosti izdvaja se polozaj regionalne
erozijske baze vezane uz dolinu rijeke Krapine.
Time je u kvartaru omoguden njezin izraZeniji
razvitak i dreniranje gustom mreZom paralel-
nih vodotoka razdvojenih grebenima i gorskim
kosama.
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marked by the Koprivnjak Stream. This ridge unit
is characterized by a relatively homogeneous relief
with dissected ridges and peaks separated by broad
saddles. It is generally 500-1,000 m wide.

Loborska Reka Valley unit includes the prom-
inent valley of the Loborska Reka stream and its
tributaries. It serves as a natural boundary between
two mountain ranges and is mainly associated with
the lowest valley sections. Morphologically, this
is not a fully homogeneous area. Its western part
consists of streams originating from the Koprivn-
jak=Veliko Kalce unit and the Racki Potok Stream,
which is confined between the Kosenina glacis
terrace in the north and the Gornji Pokojec glacis
terrace in the south. The eastern arm of this unit
comprises the Loborska Reka Stream, fed in its
upper sections by tributaries Dugi Jarek and Ko-
privnjak. These tributaries originate from Ivancica’s
central ridge belt and are separated by a series of
steep mountain slopes.

Central Ridge Belt of Ivancica unit represents
the prominent eastern mountain range, character-
ized by elevations exceeding 1,000 meters. It is a
compact and relatively homogeneous unit with a
circular outline, comprising broad dissected ridges
and large rounded peaks, dominated by Ivancica’s
highest peak (1,060 m). This is the largest unit by

area, with a width exceeding 5 km in some places.

Southern Foothill (glacis) of Ivancica. The
southern foothill (glacis) features elevations rang-
ing from 300 to 400 m. Within the study area, it
is only 100-200 m wide, but it continues further
south beyond the study area with much greater
prominence. Its stronger morphological expres-
sion is primarily influenced by the position of the
regional erosion base associated with the Krapina
River Valley. This allowed for its more pronounced
development during the Quaternary, with dense
networks of parallel streams separated by main and
secondary ridges.

Morfometrijska obiljezja

Hipsometrija

Nadmorske visine raspona su 280-1060 m, pro-
sje¢no 588 m (sl. 7a). Ukupna povriina podrugja
ispod srednje vrijednosti iznosi 27,2 km?, a iznad
23,3 km?* Histogramska distribucija nadmorskih
visina rasporedenih u razrede od 100 m pokazuje
blago izrazenu lijevu orijentaciju s maksimumom
unutar razreda 500-600 m n. v. (sl. 8a).

Gotovo pravilan stepenasti pad udjela povrsina
razreda nadmorskih visina u odnosu na srednji i
najzastupljeniji razred upucuje na strukturu Ivan-
Cice kao hrpta. Blaga dominacija nizih hipsome-
trijskih razreda u odnosu na srednje vrijednosti
podudara se s glavnim dolinskim formama. Stoga
se prema distribuciji nizih hipsometrijskih razreda
dokazuje postojanje relativno guste i duboko usje-
Cene povr§inske dolinske mreze. Hipsometrijski
katovi visi od prosjene vrijednosti markiraju dva
morfoloski izrazena gorska pojasa (Koprivnjak-Ve-
liko kalce i sredidnje gorsko uzviSenje Ivancice).
Koprivnjak-Veliko kalce u morfoloskom smislu
ima jasno izrazena hrptovska obiljezja. S druge pak
strane, srediSnje gorsko uzviSenje ¢ini homogena
kompaktna cjelina obiljeZena najvisim hipsome-
trijskim razredima radijalnoga ocrta koji dodatno
naglaavaju izdvojene zone najvece vertikalne ra-
§¢lanjenosti i povecanih nagiba padina (sl. 7b; d).
To potvrduje neotektonski utjecaj na oblikovanje
sredi$njega dijela Ivancice. S obzirom na radijalni
morfologki oblik i relativno nepravilnu distribuciju
hispometrijskih katova od najviSega vrha Ivancica
(1060 m) sredisnje gorsko uzvidenje Ivancice na mi-
krorazini ima izrazenija obiljezja masiva.

Nagib padina

Vrijednosti nagiba padina dostizu maksimalnih
73°. Najzastupljenija kategorija nagiba jest 12 — 32°
(sl. 7b i 8b) pa prevladavaju erozijski i derazijski
procesi (Lozi¢, 1996). Prostorna distribucija
nagiba padina rezultat je kombinacije endogenih
i egzogenih ¢imbenika. Najnize kategorije (do 5°)
uglavnom su koncentrirane na zapadnom dijelu

Morphometric Features

Hypsometry

'The elevation range of the study area spans from
280 to 1,060 m, with an average elevation of 588 m
(Fig. 7a). The total area below the average elevation
is 27.2 km? while the area above it is 23.3 km?. A
histogram of elevation distribution in 100 m class-
es shows a slightly left-skewed orientation, with a

maximum within the 500-600 m range (Fig. 8a).

'The nearly regular stepwise decrease in the share
of area across elevation classes, relative to the mid-
dle and most represented class, reflects Ivancica’s
ridge-like structure. The slight dominance of lower
hypsometric classes compared to the average ele-
vation corresponds to the main valley forms. The
distribution of lower hypsometric classes thus indi-
cates the presence of a relatively dense and deeply
incised surface valley network. Hypsometric class-
es above the average value mark two morpholog-
ically distinct mountain zones (Koprivnjak—Veliko
Kalce and the Central ridge belt of Ivancica). The
Koprivnjak-Veliko Kalce zone is predominantly
characterized by pronounced ridge features in a
morphological sense. The central ridge belt forms
a homogeneous and compact unit marked by the
highest hypsometric classes and a radial outline,
further emphasized by areas of the greatest vertical
dissection and increased slope angles (Fig. 7b, d).
'This suggests a notable neotectonic influence on the
formation of Ivancica’s central part. Given the radi-
al morphological shape and the relatively irregular
distribution of hypsometric classes from Ivancica’s
highest peak (1,060 m), the central mountain ele-

vation exhibits massif-like features on a microscale.

Slope Inclination

Slope inclination values range up to a maximum
of 73°. The most represented category is 12-32°
(Figs. 7b and 8b), where erosional and denudation-
al processes dominate (Lozi¢, 1996). The spatial
distribution of slope inclinations is the result of a
combination of endogenous and exogenous factors.
The lowest slope category (up to 5°) is primarily
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orografske cjeline doline Loborske reke, odnosno
na prostoru gradenom od miocenskih klasti¢nih
naslaga Starog Golubovca, §to upucuje na pojacanu
akumulaciju  padinskoga  materijala.  Druge
izdvojene zone toga razreda nagiba markiraju
glavne dolinske i grebenske forme. Najzastupljenija
kategorija (12 — 32°) uvelike je vezana uz sjevernu
i juznu predgorsku stepenicu te uz nesto blaze
padine ve¢ih gorskih uzvi$enja — prostore koji su bili
videstruko zahvaceni (neo)tektonikom te oblikovani
egzogenim, prvenstveno derazijskim procesima.
Kategorija 32 — 55° okruzuje cjeline gorskih
pojaseva Koprivnjak-Veliko kalce te centralno
gorsko uzviSenje Ivancice (sl. 7b). Pritom je najveca
koncentracija ovoga razreda u sredi$njoj zoni
dolinskoga dijela Loborske reke, ¢ime su markirane
duboko usjecene doline odvojene strmim gorskim
kosama. Kategorija nagiba > 55° zastupljena je u
iznimno malenom udjelu (0,008 %; sl. 7b i 8b).
Usko je vezana uz tektonske strmce Pragerskih kréi
te uz kanjonske dijelove (Loborska reka, Ocurica,
Buéva) predisponirane neotektonskim strukturnim
elementima (navlakama) i epigenijom tekudica
juznih padina kroz otpornije navlacke trijaskih
dolomita.

Ekspozicija padina

Prostorna distribucija vrijednosti ekspozicije
padina pokazuje dva izrazena maksimuma. Prvi
¢ini SZ orijentacija, dok je sekundarni vezan uz
JI orijentaciju (sl. 7c i 8c). Kontakti nasuprotnih
orijentacija jasno ocrtavaju linijske morfoloske
elemente sjevernih i juznih tekudica, grebenske,
te neke od glavnih strukturnih elemenata (glav-
ni rasjed Prigorec-Lobor). Uz oba je maksimuma
gotovo jednaka zastupljenost sjevernih padina uz
primarnu SZ orijentaciju te juznih uz sekundar-
nu JI orijentaciju. Iako je Ivancica dominantno
izdignuta neotektonskim zbivanjima pliocena i
kvartara, primarna orografska os s izrazenom ori-
jentacijom Z-I vjerojatno je oblikovana ranijim
tektonskim pokretima. S obzirom na najveéu za-
stupljenost prisojnih i osojnih padina intenzivan
je utjecaj egzogeomorfoloskih ¢imbenika, a po-
sebno temperature i padalina.
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concentrated in the western part of the Lobors-
ka Reka Valley or in areas composed of Miocene
clastic deposits near Stari Golubovec, indicating
enhanced accumulation of slope material. Other
zones within this category mark the main valley
and ridge forms. The most prevalent slope category
(12-32°) is largely associated with the northern and
southern foothills (glacis) and the gentler slopes of
larger mountain elevations—areas that have been
significantly affected by (neo)tectonics and shaped
by exogenous processes, primarily denudation. The
32-55" category surrounds the Koprivnjak—Veliko
Kalce ridge and the central ridge belt of Ivancica
(Fig. 7b). The highest concentration of this catego-
ry is in the central valley zone of Loborska Reka,
marking deeply incised valleys separated by steep
mountain slopes. Slopes greater than 55° represent
an extremely small portion of the area (0.008%;
Figs. 7b and 8b). They are closely tied to tecton-
ic scarps such as Pragerske Kr¢i and canyon sec-
tions (Loborska Reka, O¢urica, Bu¢va). These steep
slopes are influenced by neotectonic structural ele-
ments (thrust sheets) and epigeny of rivers through
the resistant thrust sheets of Triassic dolomites on
the southern slopes.

Slope Aspect

The spatial distribution of slope aspect values reveals
two prominent maxima. The first is associated with a
north-west orientation, while the secondary maximum
corresponds to a south-east orientation (Figs. 7¢ and 8c).
The contacts between opposing orientations clearly outline
linear morphological features, including the northern and
southern streams, ridges, and some of the main structural
elements (e.g. the Prigorec-Lobor main fault). Both maxi-
ma show nearly equal representation of north-facing slopes
with a primary north-west orientation and south-facing
slopes with a secondary south-east orientation. While
Ivancica was predominantly uplifted by neotectonic events,
the primary orographic axis with a pronounced west-east
orientation was likely shaped by earlier tectonic move-
ments. Given the predominance of sunny (south) and
shaded (north) slopes, the influence of exogeomorpholog-
ical factors, particularly temperature and precipitation, is
significant. These factors contribute to variations in slope
processes and landscape evolution across the area.

Vertikalna ras¢lanjenost reljefa

Raspon vrijednosti vertikalne ras¢lanjenosti
reljefa jest 53 — 530 m/km?, a srednja vrijednost
iznosi 313 m/km? (sl. 7d i 8d) pa prevladava izra-
zito rasclanjen reljef (Bognar, 1992). Najnize kate-
gorije uglavnom su vezane uz zapadni dio doline
Loborske reke te dolinu Ocure. Kategorija 200
— 300 m/km? proteze se kroz Citavo podrudje u
obliku neprekinutoga pojasa. Najzastupljenija ka-
tegorija 300 — 400 m/km? naglaava orografske
cjeline gorskih pojaseva (Koprivnjak-Veliko kal-
ce i centralno gorsko uzvisenje Ivancice). Razred
> 400 m/km? usko je vezan uz podrudje Velikog
kalca te sredi$nje gorsko uzvisenje Ivancice. Dakle,
pretpostavlja se da je neotektonika na ovaj prostor
djelovala dominantno s pozitivnim predznakom,
no pritom se ne zamjecuje velika promjena orijen-
tacije glavnih struktura u odnosu na prevladavajuéi
smjer Z-I, osim u slucaju SI dijela koji ima na-
glasenu orijentaciju SZ-JI. To mozZe upuéivati na
mladu tektonsku aktivnost i promjenu orijentacije
regionalnoga stresa.

Profilna zakrivijenost padina

U gotovo jednaku udjelu zastupljene su konkav-
ne (39,85 %) i konveksne (39,02 %) padine. Iako
postoji izrazena prostorna heterogenost, konveksne
(primarne i relativno mlade) padine isti¢u se na
prostorima vece nadmorske visine te predstavljaju
strme dijelove grebenskih struktura s prevladavaju-
¢om destrukcijom materijala (sl. 7¢). Konkavne (se-
kundarne i relativno starije) padine prevladavaju na
najnizim dijelovima gorskih uzvisenja te markiraju
glavne dolinske forme s prevladavaju¢om akumula-
cijom materijala. UravnoteZene (pravocrtne) padine
ine 21,13 % povrsine podrudja te se pruzaju kao
uski pojas oznacen Zutom bojom izmedu konvek-

snoga i konkavnoga dijela (sl. 7e i 8e).

Vertical dissection of relief

The range of vertical dissection values spans
from 53 to 530 m/km?, with an average value of
313 m/km’ (Figs. 7d and 8d), indicating predom-
inantly highly dissected relief (Bognar, 1992). The
lowest categories are primarily associated with the
western part of the Loborska Reka Valley and the
Ocura Valley. The 200-300 m/km? category extends
across the area as an uninterrupted belt. The most
represented category, 300-400 m/km?, highlights
the orographic units of the mountain ranges (Ko-
privnjak—Veliko Kalce and the central ridge belt of
Ivanéica), similar as the >400 m/km? category. This
pattern suggests that neotectonics had a predomi-
nantly positive influence on the relief development
of this area. However, no significant changes in the
orientation of the main structures relative to the
prevailing west-east direction are observed, except
in the north-east part, where a pronounced north-
west-southeast orientation is evident. This may in-
dicate more recent tectonic activity and a shift in
the orientation of regional stress.

Profile Curvature of Slopes

Concave (39.85%) and convex (39.02%) slopes
are almost equally represented. Despite notable
spatial heterogeneity, convex slopes (primary and
relatively younger) stand out in areas of higher el-
evations. These slopes represent steep sections of
ridge structures where material destruction prevails
(Fig. 7e). Concave slopes (secondary and relative-
ly older) are predominant in the lowest parts of
the mountainous terrain, marking the main valley
forms where material accumulation dominates.
Straight (balanced) slopes account for 21.13% of
the area and form narrow transitional zones, high-
lighted in yellow, between convex and concave sec-

tions (Figs. 7e and 8e).
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Planarna zakrivijenost padina

Divergentne padine (42 %) vezane su uz grebe-
ne na kojima prevladavaju intenzivniji derazijski,
odnosno padinski procesi. Konvergentne padine
(38,04 %) podudarne su s dolinskim formama,
a time je u njima intenzivnija akumulacija vode i
materijala (Rado§ i dr., 2012). Uravnotezene pra-
vocrtne padine (19,92 %) predstavljaju infleksijske
dijelove padina i zaravnjena podruéja pretezno ve-
zana uz najviSe vrhove te akumulacijske (naplavine)
elemente krajobraza (sl. 7f i 8f). S obzirom na veéi
udio divergentnih padina na istrazivanom prostoru
Ivancice prevladavaju denudacijski procesi, sto je s
obzirom na morfostrukturni tip ocekivano, a ovom
analizom i potvrdeno.

Planar Curvature of Slopes

Divergent slopes (42%) are associated with ridg-
es, where more intense denudational and slope
processes prevail. Convergent slopes (38.04%) cor-
respond to valley forms, where water and material
accumulation is more pronounced (Rados et al.,
2012). Straight, balanced slopes (19.92%), repre-
sent inflection points on slopes and flattened are-
as, predominantly linked to the highest peaks and
depositional (alluvial) elements of the landscape
(Figs. 7f and 8f). Given the greater proportion of
divergent slopes, denudational processes dominate
the Ivancica study area. This is expected given the
morphostructural type of the region, and this anal-
ysis confirms it.

SI. 7. Morfometrijska obilieZja: a) hipsometrijska karta, b) karta nagiba pading, ¢) karta ekspozicije padina, d) karta vertikalne rasclanjenosti reliefa, e)

karta profine zakrivijenosti padina, f) karfa planame zakrivijenosti padina

Fig. 7 Morphometric features: a) Hypsometric map, b) Slope inclination map, ¢ Slope aspect map, d) Vertical dissection of the relief map, e) Profile

curvature map, f) Planar curvature map

lzvor: izradili autori na femelju DMR-a 5 x 5 m Geografskog odsjeka (n.d.b)

Source: created by authors based on: DEM 5 x 5 m from the Department of Geography (n.d.b)
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SI. 8. Udjeli morfometrijskih kategorija u ukupnoj povrdini istrazivanog prostora: a) hipsometrija, b) nagib padina, c) ekspozicija padina, d) vertikalna rasClanjenost reliefa, e) profina zakriviienost padina, f) planama

zakrivlienost padina
Fig. 8 Proportions of morphometric categories in the total area of the study region: a) Hypsometry, b) Slope inclination, c) Slope aspect, d) Vertical dissection of the relief, e) Profile curvature, f) Planar curvature

lzvor: izradili autori na temelju DMR-a 5 x 5 m geografskog odsjeka (n.d.b)
Source: created by authors based on: DEM 5 x 5 m from the Department of Geography (n.d.b)
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Prostorna gustoca rasjeda

U kontekstu razvitka krskoga i fluviokrskoga
tipa reljefa veliku vaznost imaju strukturni geoloski
elementi poput rasjeda i s njima povezanih puko-
tinskih sustava. Oni uvjetuju nagle pregibe vidljive
u §irini i pruzanju hipsometrijskih pojasa, strmijim
padinama, vecoj koncentraciji povrsinskih i podze-
mnih reljefnih oblika, zatim izvora te usmjeravaju
hidrolosku aktivnost markiranu pruzanjem dolina.
To u konacnici rezultira veom georaznoliko§éu
(Butorac i Cvitkovi¢, 2019). Vidljivo je (sl. 9a) da
su najvece vrijednosti gustole rasjeda vezane uz
orografsku ¢jelinu Koprivnjak-Veliko kalce (A),
rasjedno predisponiranu dolinu potoka Loborska
reka (B), sredi$nje gorsko uzvisenje Ivancice (C) te
navlacke trijaskih dolomita (D).

Prostorna gustoca ponikva

Na istrazivanom prostoru kartirano je 75 de-
presija koje svojom morfologijom odgovaraju po-
nikvama; prosje¢na je gustoca neznatna (Pahernik,
2012) — svega 1,52 pon./km? (sl. 9b). Najveca je u
prostoru Kogenine (I) i Koprivnjak-Veliko kalce
(IT). Shjedece podrudje povecane gustoée jest do-
lina Rackog potoka (III). Ono je vezano uz zonu
jursko-krednih vapnenaca na kontaktu s klasti¢-
nim naslagama miocena. Na istoj litoloskoj pod-
lozi uocen je i razvitak ponikava uz sami ponor
Sebastjanovec (IV). Posljednja je zona sredisnje
gorsko uzvisenje Ivandice (Crne mlake i Jelenska
peé) (V). Istrazivani prostor obiljezava relativna
podudarnost prostorne gustoce ponikava s litolos-
kim obiljezjima i prostornom gusto¢om rasjednih
zona, §to je posebno izrazeno na podrudju Crnik
mlaka i Jelenske peéi. Ostale izdvojene zone isto su
vezane uz rasjedne elemente, ali ne toliko izrazene
gustoce. Takav je primjer prostor Kosenine, gdje je
endogeni utjecaj bio izrazeniji duz nekoliko glav-
nih rasjeda, $to je posljedi¢no pogodovalo razvoju
sekundarne pukotinske poroznosti u dolomitima i
samim time razvoju ponikava kao geomorfologkih
indikatora okrsavanja.
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Spatial density of faults

Structural geological elements, such as faults and
associated fracture systems, play a significant role
in the development of karst and fluviokarst relief.
These elements influence abrupt changes in the
width and orientation of hypsometric zones, steep-
er slopes, higher concentrations of surface and sub-
surface relief forms, springs, and the orientation of
hydrological activity marked by valley alignments.
This ultimately results in increased geodiversity
(Butorac and Cvitkovi¢, 2019). As shown in (Fig.
9a), the highest fault density values are associated
with the orographic unit Koprivnjak—Veliko Kalce
(A), the fault-controlled valley of the Loborska
Reka Stream (B), the central ridge belt (C), and the
thrust sheets of Triassic dolomites (D).

Spatial density of dolines

A total of 75 depressions were mapped in the
study area. These depressions exhibit morphological
characteristics of dolines, with an average density of
only 1.52 dolines/km?, which is negligibly low (Pa-
hernik, 2012) (Fig. 9b). The highest doline densities
are found in the following zones: I and I, the Koseni-
na and Koprivnjak—Veliko Kalce areas; III: the Racki
Potok Valley, associated with Jurassic-Cretaceous
limestones at the contact with Miocene clastic depos-
its; IV: the area near the Sebastjanovec Ponor, which
was also developed on the same lithological substrate;
and V: the central ridge belt, specifically in the Crne
Mlaka and Jelenska Pe¢ areas. The study area is char-
acterized by a relative correlation between the spa-
tial density of dolines, lithological features, and fault
zone density. This is particularly evident in the Crne
Mlake and Jelenska Pe¢ areas. Other identified zones
are also associated with fault elements, though with
less pronounced density. For example, in the Kosenina
area, the endogenous influence was more pronounced
along several major faults, which consequently fa-
vored the development of secondary fracture porosity
in dolomites, leading to the formation of dolines as

geomorphological indicators of karstification.

Prostorna gustoca izvora i ponora

Karbonatna grada Ivancice uvjetovala je razvoj
krskih vodonosnika te pojavu brojnih krskih izvo-
ra (Measki i dr., 2019). Izdvajaju se Cetiri kljuéne
zone povecane gustoée hidrogeologkih pojava (sl.
9¢): sjeveroisto¢na zona preljevnih izvora vezana
za zonu rasjeda Prigorec-Gotalovec (1) (Oikon,

Spatial density of springs and ponors

The carbonate composition of Ivancica has fa-
cilitated the development of karst aquifers and the
occurrence of numerous karst springs (Measki et al.,
2019). Four key zones of increased density of hy-
drogeological features are identified (Fig. 9¢): the

northeast zone of overflow springs associated with

S1. 9. Specificna morfometrijska obilieZja: a) prostorna gustoéa rasieda, b) prostoma gustoca ponikava, ¢) prostorna gustoa hidrogeoloskih pojava

(izvori-ponori)

Fig. 9 Specific morphometric features: a) Spatial density of faults, b) Spatial density of dolines, ¢) Spatial density of hydrogeological features (springs

and ponors)

lzvor: izradili autori na temelju podataka terenskog istrazivanja; DGU (2023); Simunic i dr. (1983); Anicié i Jurisa {1984)
Source: created by authors based on: field survey; CGA (2023); Simunié et al. (1983); Anicié¢ and Jurisa (1984)
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2019; Measki i dr., 2019) te izvori$no podrudje
koje formira potok Reku i Racki potok (2). U za-
padnom dijelu zona izvora pojavljuje se na kon-
taktu trijaskih dolomita i miocenskih klasti¢nih
naslaga Starog Golubovca (3). Na kontaktima
dolomita, bazaltnih i andezitnih naslaga te mi-
ocenskih klastita sjeverne predgorske stepenice
pojavljuje se nekoliko slabijih preljevnih izvora
(4). Jedini poznati ponor ovoga dijela Ivancice
jest Sebastjanovec za koji se pretpostavlja da ¢ini
hidrogeoloski povezani kompleks s Loborskom
rekom. Prema pretpostavljenom hidrogeoloskom
modelu Ivancice smatra se da izvorista sjeverne,
sredi$nje i juzne strane C¢ine jedinstveni hidrau-
licki povezani karbonatni vodonosnik (Hrvatske
vode, 2016).

Obiljezja dolinske mreze

Na istrazivanom prostoru analizom je evidenti-
rano 280 km povrdinskih tokova. Najveca tekucica
jest potok Loborska reka koji tvore potoci Dugi ja-
rek i Koprivnjak nakon uséa Rackog potoka. Prema
Strahlerovoj klasifikaciji Dugi jarek i Loborska reka
jedini su vodotoci u 5. kategoriji (sl. 10). Morfolos-
ki izrazeni gorski pojasevi Koprivnjak-Veliko kal-
ce i sredi$nje gorsko uzviSenje Ivancice razdvajaju
sjeverno porjecje Bednje i Drave, dok juzna strana

pripada porje¢ju Krapine i Save.

Analizom prostornog tipa dolinske mreze cijele
Ivancice utvrden je dendriti¢an tip gotovo nasumic-
nih karakteristika. On je tipican za panonsko-pe-
ripanonske dijelove Hrvatske u kojima dominiraju
derazijski procesi. No, tipove dolinskih mreza istra-
Zivanog podrudja mogude je povezati s orografskom
strukturom. Prvu ¢jelinu s rasjedno uvjetovanom
dendriti¢nom dolinskom mrezom ¢ini glavna do-
lina potoka Loborska reka, odnosno Dugi jarek i
Koprivnjak. U sredisnjem gorskom uzvisenju Ivan-
Cice prevladava radijalna dolinska mreza kao rezul-
tat neotektonskoga izdizanja. Time je uvjetovana
gotovo simetri¢na erozija strmih padina u svim
smjerovima, odnosno centrifugalni tip dolinske
mreze (Charlton, 2008). Sjevernu i juznu predgor-
sku stepenicu karakterizira paralelni tip dolinske
mreze koji je uvjetovan izrazenim nagibom padina
sjeverno i juzno od glavnoga grebena.
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the Prigorec—Gotalovec fault zone (1) (Oikon, 2019;
Measki et al., 2019); the spring area forming the
Reku and Racki Potok streams (2) in the western
part; the springs occurs at the contact zone between
Triassic dolomites and Miocene clastic deposits near
Stari Golubovec (3); and Northern foothill (glacis)
zone (4) with weaker overflow springs located at the
contact of dolomites, basaltic and andesitic deposits,
and Miocene clastics. The only known ponor in this
part of Ivancica is Sebastjanovec, which is presumed
to form a hydrogeologically connected system with
the Loborska Reka Stream. According to the pro-
posed hydrogeological model of Ivandica, it is be-
lieved that the spring areas on the northern, central,
and southern slopes form a single hydraulically con-

nected carbonate aquifer (Croatian Waters, 2016).

Characteristics of the Valley Network

'The study area contains a total of 280 km of sur-
face streams. The largest watercourse is Loborska Reka
Stream, formed by the confluence of the Dugi Jarek
and Koprivnjak. According to Strahler’s classification,
Dugi Jarek and Loborska Reka are the only streams
categorized as fifth-order watercourses (Fig. 10). The
morphologically prominent mountain ranges of Ko-
privnjak—Veliko Kalce and the central mountain ridge
of Ivancica separate the northern watershed of the
Bednja and Drava rivers from the southern watershed
of the Krapina and Sava rivers.

Analysis of the spatial valley network type across
Ivancica reveals a dendritic pattern with nearly ran-
dom characteristics. This type is typical of Pannonian
and peri-Pannonian regions of Croatia, where denu-
dational processes dominate. However, the types of
valley networks can be linked to orographic structures:
The first unit with a fault-controlled dendritic drain-
age network consists of the main valley of the Lobors-
ka Reka Stream, as well as Dugi Jarek and Koprivnjak.
In the central mountain ridge belt, a radial drainage
network predominates as a result of neotectonic uplift.
'This has led to the nearly symmetrical erosion of steep
slopes in all directions, representing a centrifugal type
of drainage network (Charlton, 2008). The northern
and southern foothills are characterized by a parallel
valley network, shaped by the pronounced slope incli-
nation on the north and south sides of the main ridge.

SI.10. Dolinska mreza istrazivanoga prostora prema Strahlerovoj klasifikacij
Fig. 10 Valley network of the study area according fo Strahler's classification

lzvor: izradili autori na temelju DMR-a 5 x 5 m Geografskog odsjeka (n.d.b)

Source: created by authors based on: DEM 5x5 m from the Department of Geography (n.d.b)

Tip iizgled dolinske mrezZe Sirega prostora Ivan-
Cice bitan je i za razumijevanje dviju morfoloski
razli¢itih predgorskih stepenica. Sjeverno, paralel-
no s glavnim grebenom Ivancice, tece rijeka Bed-
nja ¢ijim je djelovanjem visak regolita sa sjevernih
padina Ivancice u geoloskoj proslosti relativno brzo
pretaloZen. Proces je rezultirao morfoloski slabo
razvijenom sjevernom predgorskom stepenicom
izrazenog paralelizma manjih vodenih tokova koji
gravitiraju regionalnoj erozijskoj bazi rijeke Bednje.
S druge strane, nepostojanje vodotoka paralelnog s
glavnim grebenom Ivancice na jugu podruéja uvje-
tovao je postojanje siroke juzne predgorske stepeni-
ce na kojoj su usjeceni veéi vodeni tokovi izrazenog
paralelizma koji gravitiraju regionalnoj erozijskoj
bazi rijeke Krapine. Time se dolinska mreZa juzne
predgorske stepenice Ivancice moze smatrati razvi-
jenijom, a juzna predgorska stepenica ocjeditijom

(Crkvenci¢, 1958).

The type and appearance of the valley network
in the broader Ivancica region are crucial for un-
derstanding the two morphologically distinct foot-
hills (glacis). Parallel to the main ridge, the Bednja
River flows on the northern side, rapidly transport-
ing excess regolith from Ivancica’s northern slopes
during geological history. This process resulted in a
morphologically underdeveloped northern foothill
(glacis) with a parallel network of smaller water-
courses gravitating toward the regional erosion base
of the Bednja River. The absence of a watercourse
parallel to Ivancica’s main ridge on its southern side
resulted in a wide southern foothill (glacis). Larg-
er streams with pronounced parallelism are incised
into this step, gravitating toward the regional ero-
sion base of the Krapina River. Consequently, the
valley network of Ivancica’s southern foothill (gla-
cis) is more developed, and the southern step is bet-

ter drained (Crkvencié, 1958).
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Strukturno-geomorfoloska obiljezja

Tako je intenzivna tektonika kroz geolosku pros-
lost dala temeljni karakter reljefu Ivancice, danas
su u reljefu izrazeni rezultati mladih neotektonskih
zbivanja. Pritom se tektonska jedinica horsta Ivan-
dice (kako je nekada karakterizirana) u geomorfo-
loskom smislu moze podijeliti na Cetiri osnovne
strukturne jedinice: Antiklinala Toplice-Margeéan,
naviaka Cevo, naviaka Ivancice te navlaka Skalovke
(Simunié¢ i dr., 1981). Istrazivani prostor zahvadaju
posljednje tri strukturne jedinice (sl. 11).

Navlaka Cevo izrazenim je rasjedima s odrazom
u reljefu odvojena od ostalih struktura (sl. 11). Naj-
manje je povrsine te je isklju¢ivo vezana uz krajnji
sjeveroisto¢ni rub podrudja istrazivanja ¢iju granicu
markira jedan od glavnih morfolineamenata — ra-
sied Prigorec-Gotalovec s veéim brojem izvora
(Measki i dr., 2019).

Navlaka Ivancice, poznata i kao struktura
Konj-Mirzljak, obuhvaéa najvise dijelove (Simuni¢
i dr., 1981; Measki i dr., 2019). Omedena je dva-
ma izrazenim rasjedima snaznoga odraza u reljefu,
ponajprije po izrazitoj vertikalnoj ras¢lanjenosti (>
400 m/km?): Prigorec-Gotalovec i Prigorec-Lobor,
koji je ujedno i glavni izrazeni morfolineament po-
drugja (sl. 11). Duz tih rasjeda su se u neotekton-
skoj etapi odvijali snazni pokreti koji su definirali
reljefne odnose u sredi$njim dijelovima Ivancice.
Juzni rub jedinice obiljezava velik broj tektonskih
krpa, odnosno navlacaka trijaskih dolomita na do-
njokredne klastite (Ostre, Velecki grad, Mrzljak,
Drenovec i Mala Ivanéica). Njihova manifestacija
u reljefu vidljiva je po epigenetskim dolinama, po-
put donjega toka Loborske reke, $to je uocio i Cr-
kvenci¢ (1958). Navladci trijaskih dolomita u zoni
rasjeda Prigorec-Lobor postupno suzavaju zonu
donjokrednih klastita, a time tvore poremecenu i
neotektonski dezintegriranu sinklinalu (Simuni¢
i dr., 1981). Unutar ove strukturne jedinice brojni
su rasjedi s mjestimi¢nim odrazom u reljefu koji
se poprecno i horizontalno spajaju na lineamente
Prigorec-Gotalovec i Prigorec-Lobor (sl. 11). Indi-
katori utjecaja ovih rasjeda i za njih vezanih puko-
tinskih zona jesu brojna laktasta skretanja dolina,
§to je posebno izrazeno u gorenjem dijelu potoka
Sumi. Odraz rasjeda Prigorec-Lobor vidljiv je na
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Structural-Geomorphological Features

Although intensive tectonics during geologi-
cal history shaped the fundamental character of
Ivancica’s relief, the current landscape prominently
reflects the results of neotectonic activity. The tec-
tonic horst unit of Ivancica, as it was once char-
acterized, can geomorphologically be divided into
four primary structural units: the Toplice-Margecan
Anticline; the Cevo Owerthrust; the Ivancica Over-
thrust; and the Skalovka Owerthrust (Simunic’ et
al., 1981). The study area includes the latter three
structural units (Fig. 11).

The Cevo Overthrust is separated from other
structures by distinct faults reflected in the relief
(Fig. 11). It is the smallest unit and is confined to
the northeastern edge of the study area, marked
by a significant morpholineament, the Prigorec—
Gotalovec fault, which also hosts numerous springs

(Measki et al., 2019).

The Ivancica Overthrust, also known as
Konj-Mrzaljak structure, encompasses the highest
parts of Ivancica (Simuni¢ et al., 1981; Measki et
al., 2019). It is bounded by two pronounced faults
with strong relief expressions, particularly in terms
of Vertical dissection (>400 m/km?): the Prigorec—
Gotalovec and Prigorec—Lobor faults, the latter be-
ing the primary morpholineament of the area (Fig.
11). Strong movements along these faults during
the neotectonic stage defined the relief in the cen-
tral parts of Ivancica. The southern edge of this unit
features numerous tectonic flakes and thrusts of
Triassic dolomites over Lower Cretaceous clastics
(e.g. Ostre, Velecki Grad, Mrzljak, Drenovec, and
Mala Ivancica). These are expressed in the relief as
epigenetic valleys, such as the lower course of Lo-
borska Reka, observed by Crkvenci¢ (1958). The
dolomite thrusts along the Prigorec—Lobor fault
gradually narrow the zone of Lower Cretaceous
clastics, forming a disturbed and neotectonically
disintegrated syncline (Simuni¢ et al., 1981). Nu-
merous faults within this unit intersect transversely
and horizontally with the Prigorec—Gotalovec and
Prigorec—Lobor lineaments (Fig. 11). Indicators of
these faults and their fracture zones include numer-
ous elbow-shaped valley bends, particularly in the
upper section of the Sumi Stream. At Crne Mlake,

SI. 11. Morfostruktuma karta istrazivanog podrucja
Fig. 11 Morpho-Structural map of the studied area

lzvor: izradili autori na temelju Simunic i dr. (1983); Anici¢ i Jurisa (1984)

Source: created by authors based on: Simunic et al. (1983); Anicié and Juria (1984

prostoru Crnih mlaka, gdje je razvijena pukotinska
zona u srednjotrijaskim dolomitima, $to je omogu-
¢ilo infiltraciju povrsinske vode u podzemlje i okr-
$avanje (ponikve).

Navlaka Skalovke ili struktura Veliko Kal-
ce-Kosenina razvijena je zapadno od rasjeda Pri-
gorec-Lobor (Simuni¢ i dr., 1981; Hrvatske vode,
2016) (sl. 11). Duz tog rasjeda, kao granice ove je-
dinice s navlakom Ivancice, tijekom neotektonske
etape i naknadnim procesima nastala je pukotinska
zona u naslagama jursko-krednih vapnenaca u kojoj
je ponor Sebastjanovec. Neposredno uz ponor te-
renskim kartiranjem zabiljeZena je nekolicina ma-
njih (cca 1-1,5 m §irine i 0,5 m dubine) i jedna veéa
ponikva (cca 8 m Sirine i 5 m dubine). Unutar ove
jedinice prisutni su brojni manji rasjedi popre¢ne i
horizontalne orijentacije. Njihova manifestacija u
reljefu vidljiva je u laktastim skretanjima dolina, po-

the influence of the Prigorec—Lobor fault is evident
in a fracture zone within Middle Triassic dolomites,
which has facilitated surface water infiltration and
karstification (e.g. dolines).

The Skalovka Overthrust (Veliko Kalce—Koseni-
na Structure) is developed west of the Prigorec—
Lobor fault, which separates it from the Ivancica
Overthrust (Simuni¢ et al., 1981; Croatian Waters,
2016). During the neotectonic stage and subse-
quent processes, a fracture zone developed in Ju-
rassic-Cretaceous limestones, which includes the
Sebastjanovec sink/ponor. Field mapping near Se-
bastjanovec revealed several smaller dolines (1-1.5
m wide and 0.5 m deep) and one larger doline (8
m wide and 5 m deep). Numerous smaller faults of
transverse and horizontal orientation are present
within this unit. Their impact on the relief is vis-
ible through elbow-shaped valley bends, dolines in
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nikvama na prostoru Kosenine i pojavi veéega broja
izvora duz sjeverozapadnoga ruba podrudja.

Na temelju izloZenih rezultata analize struk-
turnoga sklopa i morfometrije orografske cjeline
Koprivnjak-Veliko Kalce pretpostavlja se da je ovaj
prostor u geoloskoj proslosti bio jedinstvena cjelina,
odnosno jedinstveni grebenski pojas koji se prote-
zao od Vilinske $pice preko Kosenine do Velikog
Kalca. Uslijed snaznih neotektonskih pokreta ra-
zlomljen je na manje blokove koji su mjestimi¢no
individualno izdignuti, u ¢emu su spomenuti mor-
folineamenti imali temeljnu ulogu. Dokaz su iz-
dvojene zone vece vertikalne rasclanjenosti reljefa u
odnosu na okolni prostor te brojna sedla.

Egzogeno-geomorfoloska obiljezja

Na istrazivanom podrudju utvrdena su tri mor-
fogenetska tipa reljefa (tab. 1; sl. 12). Prevladava
Sluviokrski tip &iji je pojas isprekidan. Veé su Ozi-
mec i Sincek (2011) utvrdili na Ivanéici kriki re-
ljet, no nisu radili razliku izmedu fluviokrskoga
i krskoga reljefa. Na temelju analize geoloskih i
geomorfoloskih elemenata utvrdeno je da se radi
isklju¢ivo o fluviokr$u. Fluviodenudacijski reljef
uglavnom je vezan uz juznu zonu donjokrednih i
miocenskih klasti¢nih naslaga. U S dijelu podrudja
manje je zastupljen te je uglavnom vezan uz ba-
zaltne i andezitne naslage te miocenske klasticne
naslage dominantne u gradi predgorske stepeni-
ce. Fluvijalni reljef je najmladi, oblikovan tijekom
kvartara. Ovaj morfogenetski tip zabiljezen je
samo u uskim dolinama tekudica.

Tab. 1. Udjeli morfogentskih tipova reliefa na istrazivanom podrucju
Tab. 1 Proportions of morphogenetic relief types in the study area

the Kosenina area, and numerous springs along the
northwestern edge of the study area.

Based on the structural framework and mor-
phometric analysis of the Koprivnjak—Veliko
Kalce orographic unit, it is hypothesized that this
area was once a unified ridge system extending
from Vilinska Spica through Kosenina to Veliko
Kalce. Strong neotectonic movements fragment-
ed it into smaller blocks, some of which were
individually uplifted. The identified morpholine-
aments played a crucial role in this process, as ev-
idenced by zones of increased vertical dissection
and numerous saddles relative to the surrounding
terrain.

Exogenous-Geomorphological Features

'Three morphogenetic relief types were identified
in the study area (Table 1; Fig. 12). The fluviokarstic
relief predominates, forming a discontinuous belt.
Previously, Ozimec and Sincek (2011) identified
karst relief on Ivanc¢ica but did not differentiate be-
tween fluviokarst and karst relief. Based on an anal-
ysis of geological and geomorphological elements,
the relief of Ivancica is exclusively fluviokarst. F/u-
vio-denudational relief is primarily associated with
the southern zone of Lower Cretaceous and Mi-
ocene clastic deposits. In the southern part of the
study area, it is less prevalent and is mainly linked to
basaltic and andesitic deposits and Miocene clastic
deposits that dominate the foothill (glacis). Fluvial
relief is the youngest morphogenetic type, formed
during the Quaternary. It is observed only in nar-

row stream valleys.

MORFOGENETSKITIP RELJEFA P(/)Xll{{i:IEA / ;J}]I);EE
/ MORPHOGENETIC RELIEF TYPES 2
km (%)
akumulacijski (fluvijalni) / accumulation (fluvial) 0,3 0,6
fluviodenudacijski / fluviodenudational 13,76 27,19
fluviokrski / fluviokarstic 36,54 72,21
Ukupno / Total 50,6 100

lzvor: viastito istrazivanje autora
Source: research conducted by authors
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Fluviokrski reljef

Fluviokr§ je razvijen pretezno na trijaskim dolo-
mitima s relativno slabom zastupljenosti povrsin-
skih oblika, a vise se manifestira odredenim hidro-
geoloskim karakteristikama. Unutar njega mogu se
diferencirati manji fragmenti s ve¢om zastupljeno-
sti kartiranih ponikava kao indikatorima krske to-
pografije, pa se mozZe govoriti o prostorima manje i
viSe uznapredovale okrSenosti dolomita. To je po-
sebno izrazeno na orografskim cjelinama Kopriv-
njak-Veliko kalce i sredi$njem gorskom uzvisenju
Tvandice.

Dolomiti u svom sastavu imaju zastupljenu veéu
koli¢inu netopivih sastojaka, §to utjece na ve¢u pod-
loznost mehani¢kom troSenju i slabiju okrsenost.
Posljedica je mehanickoga troSenja obilatiji rezidij
koji limitira okravanje smanjenjem kapaciteta pu-
kotina za infiltraciju vode u podzemlje. Zato su se
oblikovali reljefni oblici koji se intermedijalno na-
laze izmedu krskoga i fluviodenudacijskoga reljefa,
tipi¢ni za fluviokrski reljef (Poljak, 1957; Rogli¢,
1960; Zogovi¢, 1966). S obzirom na sastav stijena
prevladava dolomitni podtip fluviokrsa.

Ponikve su kljuéni reljefni indikator krske i flu-
viokrske topografije, medutim, njihova odsutnost ili
manja gusto¢a ne znaci da se podzemni krski i fluvi-
okrki hidrogeologki sustav nije mogao razviti (Ford
i Williams, 2007). To je djelomi¢no i karakteristika
istrazivanoga prostora. Na istraZivanom prostoru
kartirano je 75 depresija koje svojom morfologijom
odgovaraju ponikvama. Kartirane ponikve su relativ-
no malenih dimenzija, osim kod ponora Sebastjano—
vec, gdje je pronadena jedna veca. Sama morfogeneza
svih kartiranih ponikava nije u potpunosti poznata te
je u nekim slu¢ajevima s obzirom na malenu dimen-
ziju depresija tesko ustvrditi radi li se o korozijskim
ponikvama, Sirem spektru subsidencijskih ponikava
ili pak o nizu mehanickih i antropogenih procesa.
Zato bi se neke depresije medu njima mogle klasifi-
cirati i kao pseudoponikve (Rogli¢, 1974b; Gutiérrez
idr., 2008; Gutiérrez i dr., 2014). Stoga za preciznije
odredivanje treba provesti dodatna istrazivanja. Pre-
vlast malenih ponikava tumadi se slabijom okrsenosti
podrudja zbog dominacije dolomiti¢ne komponente
te relativno sporijom infiltracijom povrsinske vode u
podzemlje. To je u skladu i s terenskim opazanjem,
gdje je u nekim ponikvama bila prisutna voda. Po-

Fluviokarstic relief

The fluviokarst is predominantly developed
on Triassic dolomites, with relatively limited sur-
tace landforms but more prominently manifested
through specific hydrogeological characteristics.
Within this relief type, smaller fragments with a
higher density of dolines can be identified as indi-
cators of karst topography. These fragments high-
light areas of lesser and greater degrees of dolomite
karstification. This is particularly evident in the oro-
graphic units of Koprivnjak-Veliko Kalce and the

central ridge belt of Ivancica.

Dolomites, with their higher proportion of insolu-
ble components, are more prone to mechanical weath-
ering and exhibit weaker karstification. Mechanical
weathering produces abundant residuum, which limits
karstification by reducing the capacity of fractures to
allow water infiltration into the subsurface. As a result,
landforms characteristic of fluviokarst relief develops,
representing an intermediate stage between karst and
fluvio-denudational relief (Poljak, 1957; Rogli¢, 1960;
Zogovi¢, 1966). The dominant subtype of fluvio-karst
in the study area is dolomitic fluviokarst.

Dolines are key indicators of fluviokarst topog-
raphy. However, their absence or low density does
not preclude the development of a subsurface karst
and fluviokarst hydrogeological system (Ford and
Williams, 2007). ‘This is partially characteristic of
the study area. A total of 75 depressions, which
exhibit morphological characteristics of dolines,
were mapped. The mapped dolines are relatively
small, except near Sebastjanovec Ponor. The genesis
of all mapped dolines is not fully understood. For
some depressions, their small size makes it chal-
lenging to determine whether they are corrosional
dolines, part of a broader spectrum of subsidence
dolines, or the result of various mechanical and an-
thropogenic processes. Therefore, some depressions
may be classified as pseudodolines (Rogli¢, 1974;
Gutiérrez et al., 2008; Gutiérrez et al., 2014). Ac-
cordingly, additional research is needed for more
precise determination. The predominance of small
dolines is explained by weaker karstification due to
the dominance of dolomitic components and rel-
atively slow infiltration of surface water into the
subsurface. Field observations confirm this, as water
was present in some dolines. Dolines are closely as-
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nikve su usko vezane uz rasjedne i pukotinske zone
Kosenine, Malih kr¢i, Jelenske peéi i Crnih mlaka,
odnosno uz orografske cjeline Koprivnjak-Veliko
Kalce i sredi$nje gorsko uzviSenje Ivancice, koji su
ujedno i najvisi dijelovi istrazivanoga prostora. Po-
nikve su pronadene i na jugu istrazivanoga prostora
u zoni jursko-krednih vapnenaca uz kontakt s mi-
ocenskim klastiénim naslagama Starog Golubovca.
Taj je prostor na malenoj prostornoj skali diseciran
brojnim manjim jarugama i povrSinskim tokovima,
§to uz postojanje ponikava predstavlja vrijedan do-
prinos georaznolikosti Ivancice. Ponikve su prona-
dene i na podrucju oko ponora Sebastjanovec, koji
predstavlja jedini poznati primjer alogenoga krskog
sustava ovoga dijela Ivancice. Veca gustoca ponikava
oko ponora Sebastjanovec upucuje na jadu okrsenost
podrudja oko rasjeda Prigorec-Lobor, koji markira
granicu izmedu orografskih cjelina doline Loborske
reke i srediSnjega gorskog uzvisenja Ivandice. Jaca
tektonska izlomljenost jursko-krednih vapnenaca
pospjesila je infiltraciju vode u krsko podzemlje te
u konaénici sniZavanje razine vodnoga lica, a samim
time i oblikovanje vecih ponikava.

Speleoloski objekti vezani su uz prostore sa speci-
fienim fluviokrskim obiljezjima koji prate rasjedne
kontakte i promjene u sastavu stijena, pretezito na
orografskim cjelinama Koprivnjak-Veliko Kalce
i Sredisnjem gorskom uzvidenju Ivancice (sl. 12).
Samo je nekoliko speleoloskih objekata usko ve-
zano uz podrudja visih nadmorskih visina s veCom
koncentracijom ponikava kao indikatorima jace
okrienosti (Jelenska pe¢ i Pragerske krci). To se
moze objasniti pretpostavkom da su kartirani gor-
ski prostori s ve¢om koncentracijom ponikava rela-
tivno stariji u odnosu na ostale dijelove podrudja te
su naknadno izdignuti i dezintegrirani neotekton-
skim pokretima koji su potencijalno unistili posto-
jece speleologke objekte te su uvjetovali odsutnost
vodenih tokova koji bi ih mogli stvarati.

Medu opéim oblicima dolomitnoga podtipa
fluviokr$a prevladavaju jaruge kao kategorija pa-
dinskoga reljefa te ponikve kao kategorija krskoga
reljefa, dok od specificnih oblika fluviokrsa pre-
vladavaju aktivne fluviokrske doline. Doline svoja
izvorista dominantno imaju na podrudju trijaske
karbonatne trupine te uglavnom svojim gornjim
dijelom toka zasijecaju trijaske dolomite. Medutim,
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sociated with fault and fracture zones of Kosenina,
Male Kréi, Jelenska Peé, and Crne Mlake, as well
as with the orographic units of Koprivnjak-Veliko
Kalce and the central ridge belt of Ivanéica, which
are also the highest parts of the study area. Do-
lines were also found in the southern part of the
study area, in the Jurassic-Cretaceous limestone
near the contact with Miocene clastic deposits of
Stari Golubovec. This area is dissected on a small
spatial scale by numerous small gullies and surface
streams, contributing significantly to the geodiver-
sity of Ivancica. Dolines were also identified around
the Sebastjanovec ponor, which is the only known
example of an allogenic karst system on this part
of Ivancica. The higher density of dolines around
the Sebastjanovec suggests stronger karstification
in the area near the Prigorec—Lobor fault, which
marks the boundary between the orographic units
of the Loborska Reka Valley and the central ridge
belt of Ivancica. Strong tectonic fracturing of Ju-
rassic-Cretaceous limestones has facilitated water
infiltration into the karst subsurface, lowering the
water table and forming larger dolines.

Speleological features are associated with areas
of specific fluviokarst characteristics along fault
contacts and changes in rock composition, pre-
dominantly within the orographic units of Ko-
privnjak-Veliko Kalce and the central ridge belt of
Ivancica (Fig. 12). Only a few speleological features
are closely linked to higher altitudes with a high-
er concentration of dolines, such as Jelenska Pe¢
and Pragerske Kr¢i. This can be explained by the
assumption that these mountain areas with a high-
er concentration of dolines are relatively older than
other parts of the area, later uplifted and disinte-
grated by neotectonic movements, which potential-
ly destroyed existing caves and caused the absence
of watercourses that could form them.

Among general fluviokarst landforms, gullies
dominate as slope relief features, and dolines as
karst relief features, while active fluviokarst valleys
are the most prevalent specific fluviokarst land-
forms. These valleys predominantly originate in the
Triassic carbonate sequence and mostly incise into
Triassic dolomites in their upper reaches. However,
in many cases, valleys of intermittent and perenni-
al streams frequently incise into clastic sediments,

u velikom broju slu¢ajeva doline povremenih i stal-
nih vodotoka ¢esto zasijecaju klasti¢ne sedimente
uglavnom donjokredne starosti na J te miocenske
starosti na JZ i S podruéju. Shodno tomu, doline
povremenih i stalnih vodotoka istrazivanoga pod-
rudja obiljezava poligenetska morfologija. Jedan od
najboljih primjera takve doline jest dolina potoka
Loborska reka, odnosno Dugog jarka i Koprivnjaka.
Loborska reka najve¢im dijelom svoga toka zasijeca
zonu donjokrednih klastita gdje tvori $iroku fluvi-
odenudacijsku koritastu dolinu. Fluviodenudacijski
aspekt ovoga dijela toka vidljiv je po prevladavaju-
¢im derazijskim procesima koji obiljeZavaju brojne
jaruge i derazijske doline s deluvijalnim konusima
i proluvijalnim plavinama. Specifi¢nost Loborske
reke i jo§ nekih tekudica u juznom dijelu podruc-
ja jest da one donjim dijelom svoga toka zasijecaju
otpornije naslage trijaskih dolomita te tvore antece-
dentne epigenetske doline kanjonskih karakteristi-
ka, §to je utvrdio i Crkvenci¢ (1958) (sl. 12). Dakle,
moze se tvrditi kako je usijecanje ove doline bilo
paralelno s tektonskim izdizanjem i navlacenjem te
nije bilo promjene smjera toka.

Terenskim istraZivanjem zabiljeZen je i kontaktni
fluviokrs vezan uz ponorsku zonu Sebastjanovca, na
kontaktu orografskih cjelina doline Loborske reke i
sredi$njega gorskog uzvisenja Ivancice. Do ponora
na kraju slijepe doline vode tri manje fluviokrske
doline koje svoja izvori§ta imaju na podrudju uske
sinklinale donjokrednih klastita. Ve¢im dijelom toka
razvijene su u podrugju jursko-krednih vapnenaca u
zoni rasjeda Prigorec-Lobor, gdje je oblikovan i po-
nor (sl. 12). Terenskim je istrazivanjem evidentirano
da je samo jedna dolina aktivna, dok su preostale
dvije suhe i neaktivne. U zoni ponora nastavlja se
suha (neaktivna) fluviokrska dolina vise nadmorske
visine u odnosu na ponor, napustene retrogradnim
otvaranjem danasnjega ponora. Nizvodno od suhe
fluviokrske doline, otprilike 300 m od danasnjega
ponora, dolazi do promjene litologije i rasjedno-
ga kontakta gdje je tijekom terenskog istrazivanja
zabiljeZena pojava vode i reaktivacija doline. Time
ponor Sebastjanovec najvjerojatnije &ini hidrogeo-
loski povezani kompleks s Loborskom rekom, no
nije sigurno je li povezan s drugim izvoristima istra-
Zivanoga podrugja. K tomu, na potoku Sumi zabi-
ljezeno je recentno talozenje sedre, §to ¢ini vrijedan
element georaznolikosti ovoga podrudja.

primarily Lower Cretaceous in the south and Mi-
ocene in the southwest and north of the area. Thus,
the valleys of intermittent and perennial streams
in the study area exhibit polygenetic morpholo-
gy. One of the best examples is the valley of the
Loborska Reka Stream, including Dugi Jarek and
Koprivnjak. Most of the Loborska Reka’s course
incises into the Lower Cretaceous clastics, forming
a wide fluvio-denudational rough valley. The flu-
vio-denudational aspect of this section is evident in
the prevailing denudational processes characterized
by numerous gullies and denudational valleys with
deluvial cones and proluvial fans. A specific feature
of the Loborska Reka and several other streams
in the southern part of the area is that their low-
er courses incise into more resistant Triassic dolo-
mites, forming antecedent epigenetic valleys with
canyon-like characteristics, as noted by Crkvenci¢
(1958) (Fig. 12). This suggests that the incision of
these valleys occurred concurrently with tectonic
uplift and thrusting, with no change in the direc-
tion of flow.

Field research also documented contact flu-
viokarst associated with the SCbastjanoveC Ponor
zone, at the boundary between the orographic units
of the Loborska Reka Valley and the central ridge
belt of Ivancica three smaller fluviokarst valleys lead
to the sink/ponor at the end of a blind valley, origi-
nating in the narrow syncline of Lower Cretaceous
clastites. Most of their courses are developed in Ju-
rassic-Cretaceous limestone along the Prigorec—Lo-
bor fault zone, where the ponor is located (Fig. 12).
During field survey, it was recorded that only one
valley is active, while the other two are dry and in-
active. A dry (inactive) fluvio-karst valley continues
from the ponor at a higher elevation, abandoned by
retrograde formation of the current ponor. Down-
stream from the dry fluviokarst valley, approximate-
ly 300 meters from the current ponor, a lithological
and fault contact occurs, where the presence of wa-
ter and the reactivation of the valley was recorded
during fieldwork. This indicates that the Sebastjan-
ovec Ponor likely forms a hydrogeologically-con-
nected complex with the Loborska Reka, though it
is unclear whether it is connected to other springs
in the study area. Additionally, recent tufa deposi-
tion was observed in the Sumi Stream, representing
a valuable element of the area’s geodiversity.
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Padinski i fluviodenudacijski reljef

Derazijski procesi i posljedi¢no padinski reljefni
oblici najizrazeniji su na podrucjima slabije vezanih
klasti¢nih naslaga, prvenstveno u juznoj zoni do-
njokrednih klastita te miocenskih klasti¢nih nasla-
ga oko Starog Golubovca. Osim ovdje, ti su oblici
zastupljeni na sjevernom rubu i juznom dijelu po-
drudja u zoni obiju predgorskih stepenica te na te-
renima gradenima od paleozojskih $kriljaca i bazal-
tnih stijena. Od destrukcijskih oblika padinskoga
reljefa najrazvijenije su jaruge te derazijske doline
koje su posebice izrazene u zoni donjega dijela toka
Loborske reke. Jaruge se javljaju i na dijelu dolo-
mitne karbonatne trupine (sl. 12). To su uglavnom
podrugja na kojima vjerojatno postoji vec¢a koli¢ina
naslaga manje otpornosti na mehanicko trosenje.
Od ostalih oblika svakako treba istaknuti neaktivni
glacis sjeverne i juzne predgorske stepenice.

Od akumulacijskih oblika padinskoga reljefa
prevladavaju deluvijalni konusi i proluvijalne plavi-
ne. Deluvijalni konusi najizrazeniji su u dolini Oc¢u-
re te uz desnu dolinsku stranu Loborske reke (sl.
12). S obzirom na brojne jaruge, na istom podrudju
nalaze se i brojne proluvijalne plavine. Od akumula-
cijskih oblika valja istaknuti manju glacis terasu na
kojoj se smjestilo naselje Stari Golubovec. Ona je
vezana uz Racki potok, a nastala je spajanjem pro-
luvijalnih plavina jaruga koja svoja izvorista imaju
na podrudju Kogenine.

Od fluviodenudacijskoga reljefa najzastupljenije
su brojne poligenetske doline promjenjive dolinske
morfologije. U gornjim dijelovima toka to su uglav-
nom uske doline V-usjeka, dok su u donjim dijelo-
vima toka to uske koritaste doline.

Fluvijalni morfogenetski tip vezan je uz zonu
glavnih tokova istrazivanoga podrugja (Ocurica,
Racki potok, Dugi jarek, Loborska reka). Tipi¢ni
fluvijalni reljefni oblici nisu zabiljeZeni terenskim
opazanjem, ve¢ se ovaj morfogenetski tip veze uz
uzak i tanak sloj kvartarnih nevezanih sedimenata,
poglavito gline i pijeska, te kr$ja i blokova buji¢nih
tokova i derazijskih procesa na dolinskim stranama,
prvenstveno vezanih uz orografsku cjelinu Lobor-
ske reke (sl. 12).
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Slope and Fluviodenudational Relief

Denudational processes and their resulting slope
landforms are most pronounced in areas of weak-
ly consolidated clastic deposits, primarily in the
southern zone of Lower Cretaceous clastics and
Miocene clastic deposits near Stari Golubovec.
Additionally, these landforms are present on the
northern edge and southern part of the area in the
zones of both foothills (glacis), as well as on terrains
composed of Paleozoic schists and basaltic rocks.
Among the destructive forms of slope relief, gullies
and denudational valleys are the most developed,
particularly in the lower reaches of the Loborska
Reka Stream. Gullies are also found in parts of the
dolomitic carbonate sequence (Fig. 12), likely in
areas where there is a greater presence of deposits
with lower resistance to mechanical weathering. In-
active glacis terraces on the northern and southern
foothills (glacis) are also noteworthy.

Among the accumulative forms of slope relief,
deluvial cones and proluvial fans dominate. Deluvial
cones are most pronounced in the Oc¢ura Valley and
along the right valley side of Loborska Reka (Fig.
12). Numerous proluvial fans are also present in the
same area, corresponding to the extensive gullies.
Notably, a small glacis terrace, where the settlement
of Stari Golubovec is located, is linked to Racki
Stream and formed by the merging of proluvial fans
from gullies originating in the Kosenina area.

The fluvio-denudational relief is characterized
by numerous polygenetic valleys with variable val-
ley morphologies. In the upper reaches, these are
predominantly narrow V-shaped valleys, while
in the lower reaches, they transition into narrow

rough-shaped valleys.

"The fluvial morphogenetic type is associated with
the main watercourses of the study area (Ocurica,
Racki Potok, Dugi Jarek, and Loborska Reka). Typ-
ical fluvial landforms were not observed during field
investigations. Instead, this morphogenetic type is
linked to a thin and narrow layer of Quaternary un-
consolidated sediments, primarily clay and sand, as
well as rubble and blocks resulting from torrential
flows and denudational processes along valley sides,
Primarily associated with the orographic unit of the

Loborska Reka Valley (Fig. 12).

lzvor: izradili autori na temelju terenskog istrazivanja; DGU (2023); DMR-a 5 x 5 m Geografskog odsieka (n.d.b); Simuni¢ i dr. (1983); Anicic i Jurisa (1984)

Source: created by authors based on: field survey; CGA (2023); DEM 5 x 5 m from the Department of Geography (n.d.b); Simuni¢ et al. (1983); Anici¢ and Jurisa (1984)

SI. 12. Geomorfoloska karta istrazivanoga podrucja
SI. 12 Geomorphological map of the study area
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Lakljuak

Provedeno istrazivanje na Ivanéici rezultiralo je
opseznom analizom geomorfoloskih obiljezja koja
ne samo da naglasavaju kompleksnost reljefa ve¢
isticu i njegovu vaznost u kontekstu georaznoliko-
sti. Kombiniranjem terenskih i kabinetskih metoda
te primjenom alata za geomorfometrijsku analizu
dobiveni su rezultati koji jasno upucuju na to da je
Ivancica, zahvaljujuéi geoloskoj osnovi, geomorfo-
loskim znacajkama, istaknutoj vizuri u krajobrazu
te utjecaju na biolosku raznolikost i Zivot lokalno-
ga stanovniStva, s aspekta georaznolikosti i njezine
funkcionalne vrijednosti vrlo vrijedno gorsko pod-
rudje jugozapadnoga ruba Panonskog bazena.

Jedan od najvaznijih rezultata jest identifikacija
fluviokrskoga tipa reljefa kao dominantnoga morfo-
genetskog oblika, koji obuhvaca vise od 70 % istra-
Zivanoga prostora. Postojanje fluviokr$a rezultat je
litoloskoga sastava i strukturnih obiljezja trijaskih
dolomita, &iji je slabiji intenzitet okr$enosti rezulti-
rao specifi¢nim povrdinskim i podzemnim oblicima.
Morfometrijska analiza hipsometrije, nagiba i ek-
spozicije padina pokazala je prostornu heterogenost
reljefa, pri ¢emu je dokazano da sredi$nji dio hrpta
Ivancice obiljezava velika georaznolikost zahvalju-
judi izrazitoj vertikalnoj ras¢lanjenosti te tipovima i
distribuciji dolinskih mreza.

Prostorna gustoc¢a geomorfoloskih pojava, poput
ponikava i speleoloskih objekata, dodatno naglasava
znacaj geomorfoloskih procesa u oblikovanju Ivanci-
ce. Iako je ukupna gustoca ponikava relativno niska,
podrudja poput ponora Sebastjanovec upuéuju na lo-
kalizirano pove¢anu okrsenost u rasjednim zonama.
Ovaj je lokalitet vazan hidrogeoloski i geomorfoloski
element, koji naglasava interakciju izmedu geoloske
grade, tektonskih procesa i hidro(geo)loskih uvjeta.
S druge strane, speleoloski objekti, iako malobrojni,
pruzaju dodatne uvide u podzemne procese, osobito
u zonama izrazenih rasjeda i pukotinskih sustava.

Analiza dolinske mreze pokazala je kljuénu ulogu
Ivancice kao regionalne hidroloske razvodnice iz-
medu porjeéja Drave i Save. Razli¢iti tipovi dolin-
skih mreZa, od radijalne na sredi$njem uzvisenju do
paralelne na predgorskim stepenicama, odrazavaju
utjecaj endogenih i egzogenih procesa na prostor-
nu organizaciju reljefa i krajobrazne karakteristike
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Conclusion

The results of the geomorphological analysis
highlight the complexity of Ivan¢ica Mountain
relief and emphasize its significance in the con-
text of geodiversity. By combining field and desk
methods and applying geomorphometric anal-
ysis, findings demonstrate that Ivancica, due to
its geological basis, geomorphological features,
landscape, and its impact on biodiversity and the
lives of the local population, represents a highly
valuable mountainous area on the southwestern
edge of the Panonian Basin in terms of geodiver-

sity and its functional value.

One of the most important results is the iden-
tification of the fluviokarst relief as the dominant
morphogenetic type (>70% of the study area). This
is a result of the structural characteristics of Trias-
sic dolomites, whose weaker karstification inten-
sity produces specific landforms. Morphometric
analysis of hypsometry, slope and aspect revealed
spatial heterogeneity of the relief, with the central
part of Ivancica ridge being characterized by sig-
nificant geodiversity due to pronounced vertical
dissection and the types and distribution of valley
networks.

The spatial density of geomorphological fea-
tures, such as dolines and speleological objects,
further emphasizes the importance of geomor-
phological processes in shaping Ivancica. Al-
though the overall density of dolines is relatively
low, areas like the Sebastjanovec Ponor indicate
localized increased karstification in fault zones.
'This locality represents an important hydrogeo-
logical and geomorphological element, highlight-
ing the interaction between geological composi-
tion, tectonic processes, and hydro(geo)logical

conditions.

Various types of valley networks, ranging from
radial in the central elevation to parallel on the
foothills (glacis), reflect the influence of endog-
enous and exogenous processes on the spatial
organization of relief and landscape characteris-
tics. The southern part of Ivancica, in particular,
stands out, where the developed valley network
contributes to high drainage and the preservation
of natural ecosystems. These results confirm the

prostora. Posebno je istaknut juzni dio Ivancice, gdje
razvijena dolinska mreza pridonosi visokoj ocjedito-
sti i o¢uvanju prirodnih ekosustava. Ovi rezultati po-
tvrduju vaznost Ivancice ne samo u geomorfoloskom
kontekstu ve¢ i kao kljuénog elementa hidrografsko-
ga sustava Sire regije.

Rezultati geomorfoloske analize dodatno su
povezani s konceptom georaznolikosti, pri Cemu
Ivandica predstavlja jedinstven primjer prostorne
integracije geoloskih, geomorfoloskih i bioloskih
vrijednosti. Visoka georaznolikost Ivancice odituje
se kroz raznolikost oblika, od grebenskih struktura
i dolinskih mreza do krskih oblika i hidrogeoloskih
pojava. Takva raznolikost ima vi§estruku funkcional-
nu vrijednost, od utjecaja na mikroklimatske uvjete
i bioraznolikost do pruZanja resursa lokalnom sta-
novni$tvu, ali kojima treba razumno i odrzivo gos-
podariti. Georaznolikost Ivancice takoder ima vaznu
edukativnu i konzervacijsku dimenziju, §to dodatno
opravdava inicijative za njezino zakonsko ocuvanje
te sprecavanje inicijativa poput okolisno i krajobra-
zno potpuno neprihvatljiva pokusaja otvaranja ka-
menoloma Siljevec.

Unato¢ utvrdenim prirodnim vrijednostima Ivan-
Cica trenutno nije zakonski zasticena, §to je nedosta-
tak koji treba hitno ispraviti. Rezultati ovoga rada
pruzaju vrstu geoznanstvenu osnovu za donosenje
odluka o zagtiti Ivancice, $to ¢e osigurati ocuvanje
njezinih geomorfoloskih, ekoloskih i krajobraznih
vrijednosti. Provedena istrazivanja takoder upucuju
na potrebu za pracenjem stanja i daljnjim interdisci-
plinarnim studijama koje bi omoguéile jo$ preciznije
razumijevanje prirodnih procesa i njihovu primjenu
u odrzivom razvoju.

Zaklju¢no, Ivancica je vie od lokalnoga prirod-
nog fenomena i najvece zagorske planine — ona je Zivi
laboratorij za proucavanje interakcija geoloskih i ge-
omorfologkih procesa, njihova utjecaja na krajobraz
i bioraznolikost te potencijala za ouvanje i odrzivo
upravljanje geobastinom. Ovaj rad nije samo dopri-
nos poznavanju njezinih geomorfologkih vrijednosti,
ve¢ i poziv na djelovanje da bi se osiguralo ocuvanje
ove jedinstvene planine za budude generacije. Njezi-
na geomorfoloska raznolikost i funkcionalna uloga
svjedocanstvo su sloZenosti i ljepote prirode, koja za-
sluZuje paznju, razumijevanje i zastitu.

importance of Ivanéica not only in a geomorpho-
logical context but also as a key component of the
broader region’s hydrographic system.

The results of the geomorphological analysis
are further tied to the concept of geodiversity, po-
sitioning Ivancica as a unique example of spatial
integration of geological, geomorphological, and
biological values. The high geodiversity is evident
in the variety of landforms, from ridge structures
and valley networks to karst features and hydro-
geological phenomena. This diversity has multiple
functional values, ranging from impacts on mi-
croclimatic conditions and biodiversity to provid-
ing resources for local communities, which must
be managed responsibly and sustainably. Ivanci-
ca’s geodiversity also has significant educational
and conservation dimensions, further justifying
initiatives for its legal protection and preventing
environmentally and landscape-inappropriate in-
itiatives such as the proposed Siljevec Quarry.

Despite its natural values, Ivancica has no legal
protected status, a shortcoming that must be ad-
dressed. The findings of this study provide a solid
geoscientific basis for making decisions about its
protection, ensuring the preservation of its geo-
morphological, ecological, and landscape values.
The research also underscores the need for mon-
itoring conditions and further interdisciplinary
studies to gain a more precise understanding of
natural processes and their application in sustain-
able development.

Ivanc¢ica Mountian is more than just a local
natural phenomenon or the tallest mountain in
Zagorje - it is a living laboratory for studying
the interactions of geological and geomorpho-
logical processes, their impact on the landscape
and biodiversity, and their potential for conser-
vation and sustainable management of geodiver-
sity. This study is not only a contribution to the
knowledge of its geomorphological values but
also a call to action to ensure the preservation of
this unique mountain for future generations. Its
geomorphological diversity and functional role
are a testament to the complexity and beauty of
nature, deserving attention, understanding, and

protection.
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