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Uvodnik

Spostovane bralke, spostovani bralci!

V naslednjem letu se zalozniku Geologije GeoloSkemu zavodu Slovenije obeta velik jubilej. Minilo
bo sedemdeset let odkar je tedanja slovenska vlada ustanovila nasega predhodnika Geoloski zavod
Ljubljana.V dolgem, zanimivem, raznolikem in konec koncev na srec¢o niti ne pretirano burnem zivljenju
se je Geoloski zavod utrdil na poloZaju osrednje drzavne institucije na podroc¢ju geologije, ki povezuje
temeljne in aplikativne raziskave, strokovno in razvojno delo.

Jubilej bomo uporabili kot moznost za pogled naprej in za utrditev polozaja nasSega javnega
raziskovalnega zavoda na mestu, ki ga zavzema v skladu z njegovim ustanovnim aktom, pa tudi v skladu
s primerljivimi geolo§kimi zavodi v Evropi in po svetu. Kaj je klju¢na razlika med geoloskimi zavodi in
znanstvenoraziskovalnimi instituti s podrocja geologije? Celovitost obravnavanja drzavnega ozemlja in
skrb za stroko na vseh ravneh; od temeljnega znanstvenoraziskovalnega dela, skrbnega zbiranja znanja
in podatkov o geosferi, do njihovega prenosa v druzbo na podrocju javne sluzbe, sodelovanja v procesih
izobrazevanja v najSirSem smislu ter v obliki podpore raznim uporabnim projektom, ki se dotikajo
polj geoznanosti. Ni torej nakljucje, da bomo v naslednjem, jubilejnem letu izdali tudi Atlas geoloskih
kart Slovenije in knjigo 70 geoloskih znamenitosti Slovenije. Napovedujemo tudi vzpostavitev portala
e-geologija, ki bo od leta 2016 dalje na spletu prinasal raznolike geoloske podatke iz naSega bogatega
digitalnega arhiva. Rezultati seveda niso samo nasi. Klju¢na sestavina delovanja je dobro sodelovanje
z bolj ali manj sorodnimi institucijami doma in v tujini. Na domacih tleh skoraj ni ustanove s podroc¢ja
naSe ali sorodnih strok, s katero v dolgoletni zgodovini nismo uspesno sodelovali. Sodelovanje izven
drzavnih meja je bilo Ze od ustanovitve rdeca nit GeoZS in na mednarodnem podroc¢ju smo iz leta v leto
bolj aktivni. Tudi zato, in ne samo zato, nas je doletela ¢ast, da bomo lahko v naslednjem letu v Ljubljani

PR

Glede na to, da Sirse okolje vedno bolj prepoznava pomen in uporabnost geoloskega znanja, in glede
na to, da so geoznanosti bolj kot kadarkoli sposobne vracati uporabno znanje druzbi, se lahko sedanja
generacija geologov resni¢no iskreno zahvali vsem predhodnikom za trdne temelje, na katerih lahko
gradimo. V dobrs$ni meri je bilo v Sloveniji v preteklih sedemdesetih letih to znanje zbrano v okviru
Geoloskega zavoda Slovenije in njegovih predhodnikov.

Geologiji gre torej dobro. Ne samo pri nas. Stoletja analiti¢cnega raziskovalnega dela in desetletja
eksplozivnega tehnoloskega razvoja Ze nekaj ¢asa obilno vra¢ajo raziskovalcem in uporabnikom nasega
znanja. Danasnji geoloski modeli so iz dneva v dan bolj dovrseni, vseobsegajoci in utemeljeni na Sirokem
naboru temeljnih in tematskih podatkov, razumevanju procesov in vse bolj koherentnih interpretacijah.
Pojem geoloska karta je dobil nov, razsirjen pomen.

Prihodnost je torej svetla in temelji na znanju; ne glede na to, koliko bo besedna zveza »na znanju temeljeca
druzba« modna v prihodnosti, ali v¢asih le uporaben okrasek kaksnemu nagovoru. Nedvomno bo tudi v
prihodnje znanstvenoraziskovalno delo temelj geoloske stroke in s tem tudi Geoloskega zavoda Slovenije.

Se naprej bomo raziskovalci svoja spoznanja objavljali. Ni pomembno, ali bodo znanstvena dela
ovrednotena s ¢rticami, zvezdicami ali ¢ebelicami. Objavljali bomo v dobrih revijah, tudi v takih, kot
je v vasih rokah. Geologija je mednarodna revija z mednarodnim uredniskim odborom, obenem pa tudi
osrednja slovenska znanstvena revija za SirSe podrocje geoloskih ved. Od leta 1953 je izSla ze v 77 zvezkih,
v njej so bila objavljena prenekatera temeljna dela slovenskih geoznanosti. Vsebine ¢lankov se mo¢no
prepletajo s sorodnimi vedami, kot so kemija, seizmologija, fizika, biologija ter z nekaterimi tehni¢nimi
vedami.V reviji objavljamo vedno ve¢ interdisciplinarnih ¢lankov, v katerih se geoloS§ko znanje uporablja
za reSevanje raznovrstnih drugih naravoslovnih problemov. To je neposreden odsev trenutnega polozaja
geologije kot ene od klju¢nih sinteznih znanstvenih podrocij v naravoslovju.



Tako kot celotna slovenska geoloska stroka je tudi revija Geologija z leti vse bolj vpeta v Sirsi prostor
in mednarodno priznana. Vklju¢ena je v mednarodno bazo DOAJ (Directory of Open Access Journals,
http://www.doaj.org/), ki omogoca takojSen prost dostop do celotnih ¢lankov ter iskanje po avtorjih
in kljuénih besedah. Leta 2011 je Geoloski zavod Slovenije postal ¢lan mednarodnega zalozniSkega
zdruzenja PILA (Publishers International Linking Association). S tem se je zaloznik vkljuc¢il v sistem
CrossRef, ki je posrednik mednarodnih znanstvenih zaloznikov in omogoca zaloznikom, da pridobijo
DOI - identifikator digitalnega objekta za vsako izdano publikacijo. Ob tem je revija indeksirana Se v
GeoRef, Zoological Record, Geoscience e-Journal, COBISS in EBSCO.

Pred koncem naj z vami, spoStovane bralke in spoStovani bralci, podelim Se veselo novico o velikem
darilu Geologije svojemu zalozniku ob prihajajo¢em jubileju. Leta 2015 je bila Geologija sprejeta v
SCOPUS, eno najuglednejsih svetovnih baz bibliografskih podatkov. To je nedvomno velik uspeh tako
aktualnega kot prejsnjih uredniStev, za kar se vsem zahvaljujem in jim cestitam, prav tako pa se seveda
zahvaljujem tudi avtorjem in recenzentom, ki so s skrbno pripravljenimi prispevki omogocili trajen
razvoj naSe kvalitetne znanstvene revije.

Naj ob koncu dodam S$e veliko dobrih Zelja v prihajajo¢em, za zaloznika Geologije jubilejnem letu
2016. Zacenja se dobro!

dr. Milos Bavec, direktor GeoZS
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Geochemical investigations of potentially toxic trace elements
in urban sediments of Idrija

Geokemicne raziskave potencialno strupenih slednih elementov
v urbanih sedimentih Idrije

Spela BAVEC
Geological survey of Slovenia, Dimiceva ulica 14, SI-1000 Ljubljana, Slovenia, spela.bavec@geo-zs.si
Prejeto / Received 20. 8. 2015; Sprejeto / Accepted 27. 8. 2015; Objavljeno na spletu / Published online 2. 9. 2015

Key words: Idrija urban area, potentially toxic trace elements, SEM/EDS, urban sediment, Slovenia
Kljucéne besede: urbano obmocje Idrije, potencialno strupeni sledni elementi, SEM/EDS, urbani sediment, Slovenija

Abstract

Urban areas and associated human activities (industry, traffic, processes of mining and ore extracting, etc.)
have induced anthropogenic emissions of potentially toxic trace elements (PTTE), which can present risk to living
organisms and ecosystems in case of enriched levels. An example of such area in Slovenia is the Idrija town, the
central part of the second largest Hg mining district in the world, which is heavily contaminated with Hg in all
environmental compartments. The knowledge about levels and distribution of other PTTE in Idrija is very limited
due to the outstanding Hg related problems. In this study the geochemical investigation of PTTE (As, Cd, Co, Cr, Cu,
Mo, Ni, Pb and Zn) was performed in urban stream and road sediments of Idrija town for the first time. In addition,
solid phases of PTTE were observed using SEM/EDS and their potential sources were assessed. The results show
that the levels of PTTE in urban stream and road sediments are mostly below international guidelines, except for
Cu some high values were measured in road sediments. The highest Cu level was determined in the vicinity of a
commutator production industry. The associations of Cu with other elements in solid phases are very diverse, which
is why the analyses could not reveal the specific source of high Cu levels.

Izvleéek

Urbana obmo¢ja in z njim povezane antropogene aktivnosti (industrija, promet, procesi rudarjenja in predelave
rude, itn.) so pospesile antropogene emisije potencialno strupenih slednih elementov, ki lahko v primeru povisanih
vrednosti predstavljajo tveganje za zive organizme in ekosisteme. Primer takega obmocja v Sloveniji je Idrija, osrednji
del drugega najvecjega zivosrebrovega rudarskega obmocja na svetu, ki je mo¢no onesnazen s Hg v vseh segmentih
okolja. Zaradi izjemnih problemov v povezavi s Hg je znanje o vsebnostih in porazdelitvi ostalih potencialno
strupenih slednih elementov zelo omejeno. V tej studiji smo izvedli geokemicno raziskavo potencialno strupenih
slednih elementov (As, Cd, Co, Cr, Cu, Mo, Ni, Pb in Zn) v urbanih poto¢nih in cestnih sedimentih. Poleg tega smo z
SEM/EDS metodo opazovali trdne faze potencialno strupenih slednih elementov in ugotavljali njihove potencialne
izvore. Rezultati so pokazali, da so vrednosti potencialno strupenih slednih elementov v urbanih poto¢nih in cestnih
sedimentih ve¢inoma pod mednarodnimi smernicami, z izjemo visokih vrednosti Cu v cestnih sedimentih. Najvisja
vrednost Cu je bila dolo¢ena v blizini industrijskega obrata, v katerem proizvajajo komutatorje. Zdruzbe Cu z drugimi
elementi v trdnih fazah so zelo pestre, zato z analizo ni bilo mozno oceniti specificnega izvora visokih vrednosti Cu.

Introduction

Trace elements are chemical elements that occur
in natural and perturbed systems in small amounts
and among others include arsenic (As), cadmium
(Cd), cobalt (Co), chromium (Cr), copper (Cu),
molybdenum (Mo), nickel (Ni), lead (Pb), and zinc
(Zn) (Apriano, 1986) that were investigated in this
study. All investigated trace elements are metals,
except As, which is a metalloid (Apriano, 1986).
Co, Cu, Mo and Zn are essential for the nutrition
of higher plants, while Co, Cr, Cu, Mo, Ni and Zn
are essential for animal nutrition (Apriano, 1986;
Appiscort, 2006). The essential trace elements
are those which cannot be substituted by others

in their specific biochemical roles and they have
a direct negative influence on the organism, if
their supply is inadequate (Apriano, 1986; KaBata
Penpias & Penpias, 2001). An inadequate supply
of trace elements can affect the living organism in
two ways: either there is a lack of a trace element
in the living organism (deficiency) or an excess of
a trace element in the living organism (toxicity).
In both cases, the growth of a plant or an animal
is abnormal, so it can neither grow nor complete
some metabolic cycle (Apriano, 1986; Kasara
PenDIAS & PenpIas, 2001). As, Cd and Pb are non-
essential, which means that no beneficial function
to the living organisms has been recognized yet for
them and furthermore, when these elements are
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present in sufficient concentrations they become
toxic (Apriano, 1986; Kapata PEnDIAS & PENDIAS,
2001; Appiscort, 2006). As explained above, all
investigated elements can potentially cause harm
to living beings in explicit conditions, this is why
they are also called potentially toxic trace elements
(PTTE). The sources of trace elements are primarily
natural, such as soil parent materials (rocks)
(Apriano, 1986). However, with urban development
and associated human activities the anthropogenic
sources of trace elements emerged, such as
mining, industries and energy production, traffic,
agriculture, construction- building materials,
landfills and illegal waste dumps, etc. (Wong et al.,
2006; ZuraN et al., 2008). Anthropogenic influences
induced PTTE emissions that often accumulate in
earth materials of urban areas (urban materials)
(TaORNTON et al., 2008; Jounson et al., 2011).

An example of contaminated urban materials
are urban sediments of Idrija town (Slovenia), in
which mercury (Hg) levels are several hundred
times increased regarding to the European median
for stream sediments due to the past Hg mining
and ore processing activities (Bavec et al., 2014).
Several natural and anthropogenic identified Hg
sources (Cag, 1998; Car & TerpIN, 2005; Gosar &
Car, 2006; MrLakAR & Car, 2009, 2010; Kavcie, 2008)
were recognised as sources of Hg in investigated
sediments, such as outcrop of rocks containing Hg
ore, former ore roasting sites, ore residue dumps and
mine ventilation shafts (Bavec et al., 2014). After the
Hg production was stopped in 1995, a commutator

production industry evolved. In addition, Idrija
is nowadays amongst higher urbanized areas in
Slovenia that raised new scientific questions about
accumulation of other PTTE in urban area of Idrija.

Therefore, in this study the levels of PTTE (As,
Cd, Co, Cr, Cu, Mo, Ni, Pb and Zn) in the urban
sediments of Idrija were determined and evaluated
regarding to the European background for stream
sediments and international guidelines. In
addition, the solid phases of PTTE were observed
and their potential sources were assessed.

Materials and methods
Site description and potential PTTE sources

Idrija town (Fig. 1), where past Hg mining
district is situated, consists of a small densely
populated centre with highly developed urban
infrastructure along the rivers. The main river
Idrijca flows through the district in the direction
from south to north and has several tributaries
(local streams). Another major stream, named
Nikova, flows from the west and joins the river
Idrijea in the centre of the town. The detailed
surface water flow is presented in Fig. 1. For
the majority of streams, regulation of natural
waterways took place during the development of
the town and consequently artificial channels were
constructed. In addition, an urban drainage system
has been established and runoff is discharged
directly into the river Idrijca without any pre-

Fig. 1. Sediment sampling
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Legend
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locations in the Idrija urban
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(modified after Bavec et al.,
2014).
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treatment (Bavec et al., 2014). In Idrija town, the
following trace element sources are recognised,
besides local bedrock. There are two main roads
following the rivers Idrijca and Nikova, where
traffic is denser mostly during rush hours, while
in the surroundings traffic is scarce. Ore deposit
is monometallic, therefore Hg is the only mineral
found in economically important quantities, while
other elements occur only in traces or insignificant
quantities (Cagr, 1998). A commutator production
industry is situated in the northern part of the
town, where former Hg roasting facilities used to
be.The industry started in the year 1963 as a small
factory, but developed into a worldwide successful
company as it is today (KorekTor, 2014). The
biggest wastes in their manufacturing process are
plastic and non-ferrous metals, primarily copper
(BENCINA, 2007).

Urban sediments

In the urban areas the major sites of sediment
deposition are: street surfaces, gully pots and
storm sewers, rivers, canals, docks and lakes (Fig.
2) (TavLor, 2007). Deposition and storage on street
surfaces, gully pots and storm sewers is short term
(in the order of days and month), while in canals,
docks and on floodplains is longer term (in the
order of years to decades, although they are not
necessarily permanent due to erosion of floodplain
banks and dredging of channels, canals and docks)
(TavLoR, 2007; TavLor & OWENS, 2009).

Road-deposited sediment is the accumulation
of particulate matter on street surfaces and it has
received considerable attention in recent years,
because it can be used to define current diffuse or
local deposition of contaminants (Tavror, 2007;
JoansoN & DewmeTrIADES, 2011). Contaminated
road sediment affects urban air quality and urban
runoff. Gully pots are the first entry point of road

runoff into the urban drainage network and are
designed to trap some of the sediment carried by
the runoff (TavLor & OweNs, 2009). The processes
acting within gully pots are complex. During runoff
events (wet weather processes), denser particles
in the water will settle under gravity. However,
there is usually a high degree of turbulence within
the gully pot, which not only limits the amount
of sediment that will settle down, but may also
lead to the erosion and resuspension of existing
sediment in the pot. Biochemical changes also
take place within the gully pot. Most biochemical
changes take place during periods between runoff
events (dry weather processes) (TavLor & OWENS,
2009). Sediments within gully pots are neither
wholly subaerial nor subaqueous, but experience
both conditions episodically dependent on
weather conditions (TavLor, 2007). The sources of
road deposited sediments include vehicle exhaust
emissions, vehicle tyre and body wear, break lining
material, building and construction material,
road salt, road paint and pedestrian debris, soil
material, plant and leaf litter and atmospheric
deposition (TavLor, 2007).

River bottom sediment is a mixture of mineral
as well as organic material that is deposited on
the bottoms of river channels (TavLor et al., 2008).
In case of constant water flow, bottom sediment
is often eroded or re-suspended within a channel
by flowing water, so the composition of sediment
is constantly changing. The sources of river
sediments have much larger background thanroad
sediments and include mainly weathering of rock
by physical, chemical and biological processes
and the actions of wind and rain as mobilizing
and transporting agents. The main natural
sources of sediment to river are atmospheric dust
deposition and wind erosion, mass movement
events (landslides, debris flows, etc.) and erosion
of soils by water. Within the river corridor, also

Street
surfaces

Sewers

%
%

Docks and canals

Rivers

Fig. 2. Sites of sediment
deposition in urban areas
(after TavLor, 2007). In our
study, sediments from gully
pots and river channel beds
(underlined with red) from
Idrija urban area were
investigated.

Lakes
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erosion of channel banks, floodplain deposits
and resuspension of channel bed sediments
contribute to sediment loads. Anthropogenic
sources are mines, construction sites, urban road
network and mineral and organic material from
point sources and industrial sites (TavLor et al.,
2008).

Sample collection

On 2.06.2011 two different types of urban
sediments were collected - road sediments from
gully pots of the urban drainage system (n=16)
and active bottom stream sediments from the
local streams flowing through the urban area
(n=14). Altogether 30 samples were collected and
sampling locations (Fig. 1) were spatially defined
by a GPS device. The weather was sunny and
windy and the last rain event (24-hour rainfall
at 7 am. = 32.1 mm) was on 28.05.2011 (NMS,
2012). Approximately 1 kg of urban sediment was
collected at each sampling site with a scoop and
stored in polyethylene bags.

Sample preparation

In the laboratory, dry sieving was performed
to collect two grain size fractions (<0.125 and
<0.04 mm) for chemical analyses after aqua
regia digestion. The preparation of samples for
SEM/EDS analysis was performed according to
Mirer (2012). The sieved samples (n=5), (SS11
(<0.04 mm), SS13 (<0.04 mm & <0.125 mm),
SS15 (<0.04 mm) and SS21 (<0.04 mm)) were
mounted on a double-sided carbon tape with the
surface of 25 mm? (the excess was blown off with
compressed air) and sputter-coated with a thin
layer of gold to achieve conductivity. Samples
were analysed in a high vacuum using BSE
mode on JEOL JSM 6490LV SEM coupled with
Oxford INCA EDS system, comprising Oxford
INCA PentaFET3 Si(Li) detector and INCA
Energy 350 processing software at accelerating
voltage 20 kV and working distance 10 mm. This
instrument was used for qualitative chemical
point analysis and for microphotographs in
backscattered and secondary electron modes.
Each analysed metal particle was characterized
by its size, morphology and qualitative chemical
composition measured by the EDS X-ray point
analysis with an acquisition time 60 s.The particle
size was determined by measuring their longest
dimension using a measuring tool included in the
JEOL SEM software.

Chemical analysis after aqua regia digestion

Pseudo-total levels of PTTE were determined
with inductively coupled plasma (ICP) mass
spectrometry (MS) after aqua regia digestion at
AcmeLabs, Canada-Vancouver (accredited under
ISO 9001:2008). Certified reference materials
(CRM) and replicate samples were used to control
the quality analysis and detailed description is
provided in Bavec and co-workers (2015).

Scanning Electron Microscopy with Energy
Dispersive Spectrometer

Solid phases of PTTE were investigated using the
combination of scanning electron microscope (SEM)
and energy dispersive spectrometer (EDS). SEM/
EDS analysis is useful to observe the morphology,
chemical and mineral composition of individual
solid particles on the micron level and thus serves
as a complementary method to the conventional
mineralogical and geochemical methods (MiLEr &
GosAR,2009a,2009b,2012,2013; TErSIC, 2011; MILER,
2012). Backscattered electron (BSE) images in the
SEM display compositional contrast that results
from different atomic number of elements and
their distribution in solid particles, while the EDS
enables qualitative and semi-quantitative chemical
analyses and it allows to identify the elements that
are present in the investigated samples as well as
their relative proportions (atomic % for example)
(BeANE, 2004). The method is particularly effective
for investigation of metals due to their chemical
properties: metals are electron dense elements with
high atomic numbers (Z) and effective electron
backscatterers. Consequently they appear visibly
bright in a low-Z matrix (Aracon et al., 2000;
Bernaus et al., 2005; MiLER, 2012). In this study the
SEM/EDS analysis was used as a complementary
method for investigation of PTTE asscociations in
urban sediment particles.

Results and discussion
PTTE levels

The basic statistics of PTTE levels in the road
sediment samples and stream sediment samples
are presented in Table 1 and Fig. 3. To evaluate the
PTTE levels in the studied sediments, the results
were compared to the European background
median levels (determined after aqua regia) of
stream sediments (<0.15 mm) (SaLmiNeN et al.,
2005) and to The New Dutchlist action values for
sediments (MHSPE, 2014) (Table 1, Fig. 3). Median
values were selected for comparison, because
strong positive skewness, kurtosis (Table 1) and
histogram inspection showed that the bulk of
values for all elements were clustered around the
median on the left side of the histogram.

Box and whisker plots of PTTE levels in
urban sediments (Fig. 3) show that for elements
As, Cd, Cr, Mo and Zn the ranges of levels are
wider and the medians are lower in the stream
sediments in comparison to the road sediments
for both grain size fractions. For Cu, the ranges
of levels are narrower and the medians are lower
in the stream sediments in comparison to the
road sediments for both grain size fractions. For
Ni and Co the ranges of levels and their medians
are similar in both types of sediments (road
and stream). The differences in basic statistical
distribution (As, Cd, Cr, Mo, Zn and Cu) in
road and stream sediments suggest that their
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Table 1. Basic statistics of PTTE levels in road (n=16) and stream sediments (n=16) for grain size fractions <0.125 and <0.04 mm

Element | Unit | LoD | Fraction Type X Md | Ave | Min | Max S Skew | Kurt
ROAD 0 5.2 5.7 2 16.5 3.6 1.9 4
<0.125 mm
STREAM 0 3.3 5.9 0.7 17.1 5.7 0.9 -0.3 G
As mg/kg 0.1 55k
ROAD 0 6.4 8.3 3.4 16.3 3.4 0.6 -1.2
<0.04 mm
STREAM 0 3.4 5.4 0.8 13.2 4.8 0.4 -1.6
ROAD 0 0.6 0.7 0.4 1.3 0.2 1.4 1.5
<0.125 mm
STREAM 0 0.4 0.6 0.1 2.9 0.7 3.1 105 | 99+
Cd mg/kg 0.01 1'2**
ROAD 0 0.6 0.7 0.5 1.2 0.5 0.7 11
<0.04 mm
STREAM 0 0.5 0.6 0.2 1.9 0.4 2.5 7.7
ROAD 0 4.6 5.1 2.9 10.3 2.2 1.3 0.7
<0.125 mm
STREAM 0 5.9 6.4 4.3 11.4 1.9 1.3 1.8 g+
Co mg/kg 0.1 240%*
ROAD 0 5.8 6.2 3.1 13.3 3.1 1.1 1.1
<0.04 mm
STREAM 0 6.7 6.5 3.9 10.5 1.9 0.6 -0.2
ROAD 0 304 | 371 | 179 | 829 | 17.6 1.4 1.7
<0.125 mm
STREAM 0 204 | 24.8 | 103 | 81.7 18 2.5 7.1 99+
Cr mg/kg 0.5 380%
ROAD 0 327 | 347 | 185 | 555 | 185 0.7 0.1
<0.04 mm
STREAM 0 18 214 | 114 | 505 | 10.6 1.9 3.4
ROAD 0 96.5 | 206.8 | 43.9 |1369.5 | 315.9 | 3.4 12.4
<0.125 mm
STREAM 0 45.8 | 59.1 13 | 166.6 | 40.8 1.4 1.9 15+
Cu mg/kg 0.01 210%*
ROAD 0 102.4 | 254.7 | 63.8 |1988.4 | 63.8 3.7 14.2
<0.04 mm
STREAM 0 382 | 625 | 223 | 166 | 43.8 1.3 0.7
ROAD 0 2.1 2.5 1.4 4.5 0.9 0.7 -0.7
<0.125 mm
STREAM 0 1.3 1.4 0.6 2.7 0.6 1 0.7 0.6%
Mo mg/kg 0.01 20'0**
ROAD 0 2.4 2.9 1.4 5.3 1.4 0.8 -0.3
<0.04 mm
STREAM 0 1.4 1.5 0.7 3.2 0.6 1.4 2.6
ROAD 0 19.9 22 9.4 37.4 9.3 0.6 -1
<0.125 mm
STREAM 0 17.2 | 175 | 105 38 6.2 2.7 9 17+
Ni mg/kg 0.1 910%*
ROAD 0 20.1 | 22.2 | 124 | 39.1 | 124 0.7 -0.2
<0.04 mm
STREAM 0 171 | 17.3 | 11.8 | 25.9 3.6 0.7 0.6
ROAD 0 50 75 15.4 | 246.7 | 65.6 1.6 1.8
<0.125 mm
STREAM 0 39.9 | 85.2 | 22.1 | 402.8 | 1045 | 24 5.8 .
Pb mg/kg | 0.01 530%+
ROAD 0 57.1 87 19 | 3264 | 19 1.9 3.2
<0.04 mm
STREAM 0 39.3 | 821 | 23.8 | 401.8 | 100 2.7 7.5
ROAD 0 266.7 | 258.7 | 114.4 | 471.8 | 86.2 0.5 1
<0.125 mm
STREAM 0 172.4 | 222.7 | 48.1 | 984.5 | 2285 | 2.9 9.3
59.5%
Zn mg/kg 0.1 790%*
ROAD 0 326.4 | 313 | 162.8 | 471.9 | 162.8 | 0.1 -0.8
<0.04 mm
STREAM 0 1725 | 224 | 68.7 | 8484 | 1959 | 25 7.2
Md= median; Ave= average; Min= minimum; Max= maximum; s= standard deviation; Skew= skewness;
Kurt= Kurtosis; LoD = Limit of detection; x = Number of samples below lower LoD;* the European
background median concentration (determined after aqua regia) for stream sediments ( <0.15 mm)
(Salminen et al., 2005); **The New Dutchlist action value for sediments (MHSPE, 2014)
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geochemical distribution is potentially impacted
by anthropogenic activities, while not for Ni
and Co. The ranges and the medians of levels
in different grain size fractions of road and of
stream sediments are similar for all investigated
PTTE (Fig. 3), which indicates that different grain
size fraction (<0.125 mm and <0.04 mm) does not
affect the geochemical distribution of PTTE in
urban sediments of Idrija.

In comparison to the European background
medians for stream sediments (Table 1, Figure
3), As, Co, Cr and Ni levels are not enriched, Mo
levels are enriched up to 9 times, Cd levels up to
10 times, Zn levels up to 17 times, Pb levels up to
29 times and Cu levels up to 133 times in urban
sediments of Idrija. For these enrichments again
anthropogenic influences are possible due to the
urban settlement of the investigated area.

Spectrum 1
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Spectrum 2
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Fig. 4. Particles containing Cu in associations with the following elements: (a) Hg-S-Cu, (b) Fe-O-Cu, (c) Cu-Fe-S, (d) pure Cu (e) Sn-Cu
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In comparison to The New Dutchlist action
values (MHSPE, 2014) (Table 1, Fig. 3), almost all
investigated PTTE are below it, except Cu and Zn.
In case of Cu the levels exceed The New Dutchlist
action value (210 mg/kg; MHSPE, 2014) in 3 road
sediments (SS8, SS13 and SS29). The sample SS8
contains 305 mg/kg of Cu in the grain size fraction
<0.125 and 350 mg/kg in the grain size fraction
<0.04 mm. The sample SS13 contains 1370 mg/kg
of Cu in the grain size fraction <0.125 and 1989
mg/kg of Cu in the grain size fraction <0.04 mm.
The sample SS29 contains 434 mg/kg of Cu in the
grain size fraction <0.125 and 415 mg/kg of Cu in
the grain size fraction <0.04 mm. For the extra high
Cu levels that were determined in the sample SS13
(<0.125 & <0.04 mm), two potential sources were
observed. First is the vicinity of the manufacturing
facilities of the company Kolektor. As already
mentioned, the company Kolektor is a commutator
production industry, which startedin 1963 as a small
factory, but developed into a worldwide successful
company as it is today. Its manufacturing facilities
are located on the right and on the left bank of the
river Idrijca in the northern part of Idrija, where
Hg ore roasting facilities used to be. BEncina (2007)
also mentions that the company uses three types of
water: sanitary, cooling and technology. The cooling
water that is used for the cooling of the machinery
from the production process is collected from the
river Idrijca and after use it is returned back into
the river Idrijca. The exhaust of cooling water that
is released back into the river Idrijca is constantly
monitored (BEn¢mNa, 2007). Second possible source
of Cu is the Hotel Jozef that is situated near the road
shaft. The cladding of the hotel consists mainly of
an alloy of iron with the addition of copper (HoTeL
Jozgr, 2015). The reason for high Cu enrichments
in the samples SS8 and SS29 are unknown. It is
possible that there was some current local source of
Cu spilled in the road shaft prior to the sampling. In
the rest of the road samples Cu levels were low and
in the stream sediment samples even lower. Copper
enrichments are very local, but this indicates an
obvious anthropogenic disturbance. In need of a
special attention are sediments from the location
SS13, because the concentrations are extremely
high.In case the Culoadings are constant, this could
potentially cause negative local disturbance, since
the sediments are discharged directly into the river
Idrijeca without any pre-treatment. In case of Zn
the levels exceed The New Dutchlist action value
(720 mg/kg; MHSPE, 2014) in one stream sediment
(SS22) that contains 984.5 mg/kg of Zn in the grain
size fraction <0.125 and 848.4 mg/kg of Zn in the
grain size fraction <0.04 mm. The source for high
Zn value in the sample SS22 could not have been
recognized.

Solid phases of PTTE regarding to SEM-EDS

Using SEM/EDS Cu was the only element
abundantly recognized among the investigated
elements in PTTE bearing phases, and even Cu
particles were abundant in only one sample - SS13,
which contained the highest Cu level. Some very

interesting Cu associations with elements were
observed (Fig. 4). Because of the diversity of Cu
mineral phases, both grain size fractions (<0.125
and <0.04 mm) were inspected. Following element
associations were recognised:

e Cu with Hg and S in atomic ratio Hg : Cu :
S =4.07:4.72 : 8.30 (Fig. 4 example (a)). The
size of the particle is 6 pm. This particle is not
recognised as any known mineral Hg phase.
However, we propose two possible origins of
the element associations Hg-Cu-S. Firstly,
based on the assumptions that Cu ore is not
present in Idrija Hg ore deposit, that current
industry (Kolektor) uses Cu-based alloy for the
production of commutators forelectrical motors
(ULE et al, 1994) and that the biggest waste
in the manufacturing process of commutator
production is primarily copper (Benc¢iNa, 2007),
it is possible that Hg-Cu-S associations are
of secondary origin (anthropogenic). It should
be noted that the Hg-Cu-S associations were
found in the sediment collected in a gully pot
that is situated in the immediate vicinity of the
Kolektor manufacturing facilities. Secondly,
Drovenik and co-workers (1980) performed
spectrochemical analyses of cinnabar and
metacinnabar from Idrija ore deposit and
found out that they contain from 1 to 200
mg/kg of Cu. Therefore, it is possible that Cu
was concentrated in secondary metacinnabar
during roasting of cinnabar ore.

e Cu with Fe and O in atomic ratio Cu : Fe : O
=0.50 : 10.35 : 55.52 (Fig. 4 example (b)). This
particle is a secondary authigenic (crystalized
in situ) iron oxyhydroxide that has a rosette
like morphology, which most probably
entrapped traces of Cu into the crystals during
growth (Cu partially substitutes for Fe in iron
oxyhydroxide). Cu has a high tendency to
bound to iron oxyhydroxides during low pH
conditions. The size of the particle is 32 pm.

e Cu with Fe and S in atomic ratio Cu : Fe : O:
S =2.81:12.97:14.09 : 29.78 (Fig. 4 example
(c)). This mineral phase is probably a product
of iron sulfide oxidation and the mineral
phase is recognised as an oxyhydroxy sulphate
containing Cu (Cu partially substitutes for Fe
in partially oxidised pyrite (iron oxyhydroxy
sulphate)). The particle size is 32 pm.

e Metallic Cu in atomic ratio Cu = 28.53 (Fig.
4 example (d)). This is a pure copper particle
and it is undoubtedly anthropogenic, which is
shown by its morphology. The shape of a particle
is partialy rounded, composed of micron-sized
crystals and it appears hollow. The size of the
particle is 14 pm.

e Cu with Sn in atomic ratio Sn : Cu = 13.3 : 13.51
(Fig. 4 example (e)). This is an anthropogenic
particle (Sn-Cu alloy), known as bronze. The size
of the particle is 82 pm.

A diversity of Cu mineral phases was observed
in the sample SS13 and some particles are
obviously of anthropogenic origin.
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Conclusions

The investigation of levels of potentially toxic
trace elements (As, Cd, Co, Cr, Cu, Mo, Ni, Pb and Zn)
in urban stream and road sediments revealed that
they are mainly within European background and
below The New Dutchlist action values, only for Cu
local enrichments were discovered in road sediments.
Particularly in one road sediment an extremely
high Cu level (1989 mg/kg) was determined in the
vicinity of a commutator production industry. The
Cu particles were inspected by SEM/EDS analysis
that revealed a diversity of Cu associations with
other elements in solid phases.
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Abstract

The lithiotid limestone is characteristic for many Late Sinemurian — Pliensbachian tropical and subtropical
carbonate platforms of the Neotethys and the Piemont-Liguria Oceans. On the northern edge of the ancient Adriatic
Carbonate Platform (present NW External Dinarides) the lithiotid limestone forms a few hundred kilometres long
belt. Sedimentological characteristics of the lithiotid limestone have been recorded in samples taken from three
sections located in central Slovenia. Peloids, ooids, aggregate (lump) grains, benthic foraminifera, and micritised
bivalve shells (cortoids) are the dominant grains. The microfacies association suggests restricted to open marine
interior of a carbonate platform bordered by marginal sand shoals, or an inner ramp setting. Subtidal conditions
were occasionally interrupted by emersions.

Izvleéek

Litiotidni apnenec je znacilna spodnjejurska litoloska enota karbonatnega zaporedja S$tevilnih tropskih
do subtropskih karbonatnih platform z obrobja Neotetide in Piemont-Ligurijskega oceana. Na severnem
robu nekdanje Jadranske karbonatne platforme (danasnji SZ Zunanji Dinaridi) se litiotidni apnenec razteza v
smeri ZSZ-VJV v nekaj sto kilometrov dolgem pasu. Dosedanje poznavanje litiotidnega apnenca dopolnjujem s
podrobnim sedimentoloskim opisom vzorcev, nabranih v treh profilih na obmo¢ju Krima v osrednji Sloveniji. Od
klastov v apnencu prevladujejo peloidi, ooidi, agregatna zrna, bentoske foraminifere in delno mikritizirane lupine
mehkuzcev (kortoidi). Faciesna zdruzba kaze na odlaganje v plitvem, nekaj metrov globokem morju razélenjenem
na zaprto laguno, odprto laguno, nakopicenja litiotidnih §koljk in ooidne sipine. Podplimske pogoje so prekinjala
kratkotrajna obdobja okopnitve vrha platforme, do katerih je pogosteje prislo v spodnjem pliensbachiju.

Introduction

The Early Jurassic sea-level rise (Harvrawm,
2001), a gradual recovery of biota after the
alleged biocalcification crisis in the latest Triassic
(HautmanN et al., 2008; GrReeNE et al., 2012), and,
in many cases, extensional tectonics (Ruiz-Ortiz et
al., 2004; Smuc, 2005; VErwER et al.,, 2009) brought
a gradual change from flat, uniformly shallow and
skeletal-poor carbonate platforms of the earliest
Jurassic (DozeT, 1993; Buckovic et al.,2001; AZEREDO
et al., 2003; Eren et al.,, 2002; BaraTrTOLO & ROMANO,
2005; Pomoni-Pararoannou & KostorouLou, 2008;
WiLMSEN & NEUWEILER, 2008; BoseNcE et al., 20009;
OcoreLEC, 2009) into the middle Early Jurassic
platforms characterised by the abundance of
biota and a variety of facies types (GaLri, 1993;

FucagNoLr & Lorica Brogrio, 1998; MAasSgTTI et
al., 1998; BLoMmEIER & RELMER, 1999; ScCHEIBNER &
REewMER, 1999; Cosiancar & Picotti, 2001; FRASER et
al., 2004; WiLMSEN & NEUWEILER, 2008). Among the
more extensively researched carbonate platforms
of the Early Jurassic is also the Adriatic Carbonate
Platform (AdCP), a large carbonate platform with
an approximate length of 600 km (Dracicevic &
VELIC, 2002; TiSLiar et al., 2002; Vianovic et al,
2002, 2005; Capnsenovic et al., 2008), positioned in
the western part of the Neotethys Ocean (THIERRY,
2000; BoseNnce et al., 2009) (Fig. 1).

One of the most distinct facies types on the
AdCP is the Late Sinemurian - Pliensbachian
(according to SasariNo et al., 2013 also earliest
Toarcian) lithiotid limestone (Buser, 1965;
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Figure 1. Palaeogeographic map of the western Neotethys for Late Sinemurian. AACP — Adriatic carbonate platform; AP — Apennine
Carbonate Platform; P: Pelagonia; UMB — Umbria Marche Basin; TP — Trento Platform. Modified after Taierry (2000) and BoseNce
et al. (2009).

Raporcic, 1966; SrBar, 1966; STROHMENGER
& Dozet, 1991; Dozer, 1992, 1996; Buser &
DEBELJAK, 1996; DEBELIAK & BUSER, 1997; TURNSEK
& Kosir, 2000; Tisriar et al., 2002; TurnSEx et al.,
2003; Capsenovi¢ et al., 2008; CRNE & GORICAN,
2008; MArRTINUS et al, 2012; GaLE, 2014). At the
northern part of the AdCP, structurally belonging
to the north-western External Dinarides (PLACER,
1999), the lithiotid limestone extends in over
100 km long belt from Trnovski gozd in the west
towards Kocevje and further to the east-southeast
(BusEir & DEBELJAK, 1996). The lithiotid limestone
was quarried south of Ljubljana and became
known as the “Podpec limestone” (Ramovs, 2000;
SturovNIK et al., 2011; Kramar et al., 2015). Dozet
named it the Lithiotid Limestone Member of the
Podbukovje Formation (DozeT & STROHMENGER,
2000) or the Lithiotid Limestone Member of

the Predole beds (Dozet, 2009). On the basis of
a detailed description of the lithiotid limestone
from Trnovski gozd Crye and Gorican (2008)
advocated a ramp model for the northern part of
the AdCP, gradually passing into the deep-water
Slovenian Basin to the north, while previous
studies suggested a rimmed carbonate platform
model (Buser & DEBELJAK, 1996).

The aim of this paper is to extend the current
knowledge on the lithiotid limestone at the
northern edge of the AdCP by giving a detailed
description of the lithiotid limestone from the Mt.
Krim area (central Slovenia) (Fig. 2). The described
sections are subsequently compared with the
lithiotid limestone from Trnovski gozd, described
in CrNE and Gorican (2008). Finally, the question
of the platform geometry is discussed.

== S ~ ~ = Figure 2. Position of the
\'\/J LUbI ana ‘\__/-\—" 2 ,—"" \- studied area. Otherlocalities,
J J Séva Liti & = N mentioned in the text (Kovk
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R.p. — Radensko polje), are
o shown in other rectangles.
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-
Suha kral® Novo
. mesto ¢
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-\‘,
NG Kocevje
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opeT lirska Bistrica ; highway = Bordar
S 23km . | regional road -~ major river




Microfacies characteristics of the Lower Jurassic lithiotid limestone from northern Adriatic Carbonate Platform 123

Geological setting

The northern part of the AdCP structurally
belongs to the External Dinarides, which
represent a deformed margin of the Adriatic
tectonic microplate. The deformations in the
External Dinarides are due to post-Cretaceous
collision with the European plate, accompanied
by folding and thrusting in SW direction during
Late Cretaceous to Paleogene (Pracer, 1999;
VRraABEC & Fopor, 2006; PLACER, 2008; KASTELIC et
al., 2008). The thrust units, from the uppermost to
the lowermost, comprise: the Trnovo Nappe, the
Hrusica Nappe, the Sneznik thrust block, and the
Komen thrust block (Fig. 3). Thrust blocks consist
of Late Paleozoic to Middle Triassic clastics and
carbonates, followed by carbonates deposited on
the AdCP. Towards north, the External Dinarides
border the Tolmin thrust unit of the Southern
Alps along the South-alpine reverse fault and the
Marija Reka fault. The Tolmin thrust unit mostly
comprises deep water sediments of the Slovenian
Basin, originally extending along the northern
margin of the AdCP (Pracer, 1999). Thrusts are
further cut and displaced by dextral strike-slip
faults active since the Pliocene (VraBEC & FODOR,
2006; Kasteric et al.,, 2008; KasTteLic & CARAFa,
2012).

The Mt. Krim area structurally belongs to the
HrusSica Nappe of the External Dinarides (PLACER,
1999). The geological structure of this territory was
established by Lirorp (1858), KraMER (1905), VETTERS
(1933), Buskr et al. (1967), Buser (1968), and MILER
and Pavsic (2008). The Mt. Krim area mostly consists
of Upper Triassic to Middle Jurassic shallow water
carbonates (Buser et al., 1967; Buser, 1968, 1989;
OcorerLEc & RorthE, 1993), which today form the
southern hilly rim and the southern basement
of the younger, post-Pliocene tectonic Ljubljana
Moor Basin (Jam$Ek Rupnik et al., 2015). Mesozoic

Adriatic <
sea o gai

[ Southern Alps MRF Marija Reka fault
[ | External Dinarides ~ SF  Sava fault

|:| Quarternary basin SAF South-alpine fault

TN  Trnovo Nappe ‘; Podpe¢

STB Sneznik thrust block 7,1\47 Kovk (Trnovski gozd)
KTB Komen thrust block * Kocevje

IIB Istra imbricated belt jj:reverse/thrust fault
HN  HruSica Nappe = strike-slip/normal fault
LB Ljubljana Basin

Figure 3. Structural map of the south-western Slovenia.
Simplified after Pracer (1999).

carbonates are dissected by N-S and WNW-ESE to
NW-SE running faults (Buser et al., 1967; BUSER,
1968) (Fig. 4).

The Lower Jurassic succession in the Mt. Krim
area conformably overlies the Norian-Rhaetian
Main Dolomite (Fig. 5), which is characterised
by medium to thick-bedded crystalline dolomite,
laminated fenestral dolomite and intraclastic
breccia, marking cyclically interchanging shallow
subtidal, intertidal and supratidal conditions
(OcorerLEc & RotuE, 1993; MiLer et al, 2007;
Mier & Pavsic, 2008). The lowermost Jurassic
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Figure 4. Geologic map of
the Mt. Krim area. Modified
after Buser et al. (1967) and
BuseR (1968).
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Figure 5. Lower Jurassic lithological succession in the Mt.
Krim area, and comparisson to the lithostratigraphic division
proposed by Dozer and STROHMENGER (2000) for the Suha krajina
and by Dozer (2009) for the Radensko polje. The positions of
the measured sections are shown with gray rectangles.

(Hettangian-Sinemurian) succession consists
of medium to thick-bedded coarsely crystalline
dolomite, finely laminated dolomite, bedded
micritic, rarely peloidal and oolitic limestone.
Emersion surfaces are indicated by red-stained
irregular upper bedding planes. This succession
also deposited in peritidal and shallow subtidal
setting (MiLEr & Pavsic, 2008; OcoreLec, 2009).
Discontinuous, up to several tens of meters thick
bodies of mud-supported breccia are locally
present (Buser, 1965), as well as up to a meter
wide dikes, filled with large angular blocks of
dolomite in dolomitised matrix (visible along
road cut south of Pijava Gorica). Upwards, oolitic
and bioclastic limestone predominates, gradually
passing into dark grey to black limestone with
lithiotid bivalves, bioclastic packstone, floatstone,
ooid packstone and grainstone (Buser & DEBELJAK,
1996; MILER & Pavsic, 2008). On the basis of lithiotid
bivalves and foraminifera, a Late Sinemurian-
Pliensbachian age has been determined for the
lithiotid limestone (Buser & DEBELJAK, 1996; GALE,
2014). Discontinuous, but much rarer bodies of
black limestone breccia can be laterally found
(Buser, 1965), for example west of Jezero. The
Lower Jurassic succession ends with the Toarcian
thin-bedded, often nodular micritic limestone (A.
Kosir, pers. com.). The Middle Jurassic succession
consists of mostly strongly dolomitised thick
succession of oolitic limestone (Busgr, 1965, 1968;
MiLER & Pavsic, 2008).

Material and methods

The facies analysis of the “Podpec¢ limestone”
is based on three detailed sections, namely the
Zalopate (45°56'09" N, 14°27'21" E), the Podpec
quarry (45°58'22" N, 14°25'16" E) and the Grad
(45°55'46" N, 14°30'14" E) sections (Fig. 4). Bed
thickness classification follows Tucker (2001).

Altogether, 63 thin sections were investigated and
described according to terminology of DunHaM
(1962),and EmBry and Kr.ovan (1971).The proportion
of grain types was estimated with the use of
comparison charts of BaceLLE and BoseLLINT (1965).
Sand-size, roughly spherical homogenous lime-
mud particles are termed peloids sensu FRIEDMAN
(2003). Microfacies (MF) types were compared to
Standard Microfacies Types in FLUGEL (2004).

Description of sections

The Zalopate section (Fig. 6) is 42.5 m thick
and consists mostly of grey to black limestone of
variable textures. Bed thickness ranges from 6 cm
to 320 cm, but thicker beds predominate in the
lower part of the section, whereas thin to medium
thick beds are more common in the upper half of
the section. The texture of the limestone varies
from mudstone to floatstone with grainstone

EI mudstone/wackestone
THIN-

SECTIONS

l_—_— packstone/grainstone/rudstone

massively-bedded limestone

& -gastropod @ -oncoid
= -horizontal lamination <# - intraclast
~~ -emersion levels = - thicker colored bands
4209 6 - brachiopod ~——- scour structure
) o -ooids 7~ - cross-lamination
- bivalves ¢ -inverse grading
& - normal grading == - lithiotid bivalves
) THIN-
42if 18°97 sections
418 (9)
<2®00 333(9) 41
331(8)
325(9) ol
334-336 (4,10,11) 39|/°]
38l: ol®
337 (9)
37 413(10)
36|
Byl 330 (9]
35 ©)
- 329 (10;
34y | (0
322 (11)
321(3) 33|
426(3) 414 (5)

428(9) - 323 (5)

3|,
429(9) &
422(9)

417(9)
29
412(2)
28

425 (9) il
© -
26]| % 324 9)
25

24 328(7)

Figure 6. The Zalopate section. This is the lower part of the
“Podpec limestone” s.1. (note the scarcity of lithiotid bivalves).
Late Sinemurian - early Early Pliensbachian. Number in
brackets denotes the microfacies type.
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Figure 7. The lithiotid-rich “Podpe¢ limestone” from the type locality in the Podpe¢ quarry. Two overlapping sections were
measured. Early Pliensbachian. Number in brackets refer to mikrofacies type.
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support, often within the same bed, either through
grading, or through irregular mixing (at least in
part due to bioturbation) and lateral pinching out.
Normal grading is the most common sedimentary
structure. Some accumulations of fossils (mostly
fragmented bivalve shells) can be found at the
bottom of beds. Bivalve shells are more commonly
dispersed in oolite. Several bedding planes show
irregular morphology, reddish colouration, and
thin intercalations of red or yellow claystone.
Lithiotid bivalves are rare, and only up to 5 cm
long, undetermined specimens were found, in one
case accumulated above a score structure, cutting
through mudstone with birdseyes-type porosity
and red clayey surface. Cross-lamination is rarely
found in oolitic limestone. The section is placed in
the Orbitopsella primaeva partial-range zone of
Late Sinemurian to early Early Pliensbachian age
(VELIC, 2007; not into the early Late Sinemurian
Lituosepta recoraensis zone as stated in GaLg,
2014).

In the Podpe¢ quarry two sections were logged
and correlated: Podpec 1 (33 m thick) and Podpec 2
(12 m thick) (Fig. 7). Limestone predominates, but
up to several centimetres thick intercalations of
red claystone are common. The measured section
starts with 3 m thick packstone/grainstone with
superficial ooids and recrystallised bivalve shells
concentrated near the upper bedding plane in a 20
cm thick layer. Grainstone is followed by almost
7 m thick packstone/grainstone with lithiotid
bivalves oriented perpendicular to the bedding
plane, with commissures oriented upwards (i.e.,
preserved in toto). A 20 cm thick limestone bed
with claystone intercalations follows. Throughout
the rest of the section thick to very thick limestone
beds predominate. Grey oolitic limestone is the
most common lithological type. Dispersed bivalve
shells may be present. Gradual transition from
oolite into micritic limestone or vice versa is
common. Oncoids are frequent in the upper part
of the section. Mudstone and wackestone are
also present. The latter may contain dispersed,
randomly oriented terebratulid brachiopods or
megalodontid bivalves. Limestone beds are often
separated by red claystone layers, which may be
several centimetres thick. Red claystone partings
are common near the top of individual beds, and
may be present also inside limestone beds. Irregular
subvertical pockets filled with yellowish claystone
were also found near the top of the measured
section (8.5 m above the base of Podpe¢ 2 section
in Fig. 7). Some limestone beds and claystone
interlayers contain accumulated shells of lithiotid
bivalves oriented parallel to the bedding plane, but
often with both valves preserved together. Up to 15
cm large fragments of shells are commonly found
eroded from the latter. According to Buser and
DeBeLJak (1996), Lithioperna scutata is present
in the lower part of the Podpeé¢ quarry succession,
whereas Cochlearites loppianus appears higher.
The section belongs to the Early Pliensbachian
Orbitopsella praecursor taxon range zone (GALE,
2014).

The Grad section measures 8 m in thickness
(Fig. 8). Medium to thick beds predominate, which
are internally often heterogenous. Mudstone,
wackestone, bioclastic and ooid packstone,
floatstone and rudstone with brachiopods and
bivalves were determined in the field. Few beds
have wavy lower boundaries and chaotic shell
accumulations at the bottom, gradually passing
into ooid packstone and wackestone. Lithiotid
bivalves are present, but shells are randomly
distributed and fragmented. The section
belongs to the Early Pliensbachian Orbitopsella
praecursor taxon range zone (GALE, 2014).
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Figure 8. The Grad section of the lithiotid limestone (“Podpeé
limestone” s.str.). Early Pliensbachian. Numbers in brackets
denote the microfacies type.
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Microfacies description

Eleven microfacies (MF) types were recognised,
although subtle variations in some of them could
lead to several subtypes. Comparison of described
MF types with standard microfacies types (SMF)
is given in Table 1.

MF 1 - Mudstone

A very common facies type is grey or black
micritic limestone in thin to very thick beds.
Micritic matrix is devoid of grains. Fenestrae (5 %
of the thin section surface) show geopetal fabric
formed by crystal silt in the lower and blocky spar
in the upper part (Fig. 9.1).

MF 2 — Lithiotid floatstone to rudstone

Lithiotid bivalves are commonly accumulated
in several horizons in Grad and Podpec sections,
whereas only up to several centimetres large
specimens were recorded in the Zalopate section.
Shells comprise up to 50 % of the thin section
surface. They are partly neomorphically altered
into blocky spar, and retain fibrous outer layer.
They are embedded into peloidal wackestone or
packstone with some fenestrae (Fig. 9.2-9.3). Small

fragments of shells are common and rare benthic
foraminifera are present.

MF 3 — Peloidal wackestone-packstone with
Thaumatoporella

This MF type was found in thin to medium-
thick beds of the Zalopate section. The distinct
feature of this microfacies is the abundance of
the problematic algae Thaumatoporella and
a low abundance of benthic foraminifera. The
matrix is peloidal-bioclastic wackestone with
some fenestrae, and with up to 45% of grains.
Peloids represent 80-90 % of grains. Subordinate
are benthic  foraminifera (Meandrovoluta
asiagoensis, Textularia sp. and Siphovalvulina
spp. predominate), mollusc fragments and
Thaumatoporella thalli. Micritic matrix in places
appears clotted (Fig. 9.5).

MF 4 — Peloidal wackestone to packstone

This MF type is similar to MF 3 by the high
abundance of peloids, but contains more diverse
biota.It was found inmedium to very thick beds and
is rather common in all sections. Accumulations of
lithiotid shells are sometimes present in the lower
part of the same beds.

Table 1. Comparison of the determined microfacies (MF) types with Standard Microfacies Types from FLUGEL (2004).

Described microfacies

Type

Standard Microfacies Type
(Fliigel, 2004)

Occurrence on flat-top

platform Occurrence on ramp

1: Mudstone SMF 23

FZ 8 (tidal flat) Inner ramp

2: Lithiotid floatstone to

SMF 12-Lithiotid
rudstone

FZ 8 (restricted platform
and tidal flat), FZ 7 (open
platform)

Inner ramp

3: peloidal wackestone-

FZ 8 (restricted platform;
as bar sand channels, sand
shoals heaped up by tidal

packstone with ?SMF 18 currents in shallow lagoon Inner ramp
Thaumatoporella and bays),
FZ 7 (shelf lagoon with open
circulation)
4: Peloidal wackestone to SMF 16- Non-laminated to FZ 7 (open shelf lagoon)
. Inner ramp
packstone SMF 10 FZ 8 (restricted platform)
- Bi FZ 8 (restricted platform
5: Bivalve floatstone to SMF 12-Bs ( p ) Open inner ramp
rudstone FZ 7 (open platform)
. . . FZ 8 (low-energy part of
6: Oncoidal-peloidal SMF 22 shallow lagoon and tidal Middle and outer ramp
floatstone
zone)
7: Coated bioclastic
floatstone with peloidal- SMF 10 FZ 7 (open shelf lagoon) Inner ramp

bioclastic wackestone-
packstone matrix

8: Peloidal grainstone SMF 16-Non-laminated

FZ 8 (shallow platform

. R Inner ram
interior) p

9: Cortoid floatstone to

rudstone with peloidal- (no single analogue; mostly

Shallow platform interior

with moderate to high water | Inner ramp (shoal)

bioclastic grainstone matrix SMF 14) energy
10: Bimodal poorly to
medium sorted ooidal- SMF 17 FZ 7 (shallow open shallow (very rare)
. . platform)
peloidal grainstone
. FZ 8 (restricted lagoon)
11: Well sorted ooidal i .
SMF 15 FZ 7 (oolitic shoals, tidal Inner ramp

grainstone

bars, beaches)
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Grains represent 40-50 % of the thin section
surface, and are well to very well sorted (Fig. 9.6).
Peloid size is 0.1-0.15 or 0.2-0.35 mm.

Subangular to  well-rounded  peloids
predominate (60-80 % of clasts; Fig. 9.7). Mollusc
fragments (in some thin sections with micritic
outlines) and micritic intraclasts represent 5 % of
grains each. The rest of the clasts are represented
by small benthic foraminifera (Meandrovoluta
sp., Lagenina), pellets (Parafavreina sp.),
microproblematica Thaumatoporella sp., green
algae, echinoderms, and ostracods. Aggregate
grains (mature lumps) are very rare. Subangular,
sub-elongated mudstone intraclasts (mudchips)
are rarely present.

Into microspar recrystallised matrix is
bioturbated and contains some fenestrae. Vugs,
filled with blocky spar, represent 2.5-5% of the
thin section surface.

MF 5 — Bivalve floatstone to rudstone

Present in medium thick beds, without
apparent orientation of shells or with convex side
turned downwards.

This MF is characterised by accumulation of
up to several milimetres large bivalves and rare
gastropods embedded in micritic matrix (Fig.
9.8). Both valves are present, mostly unbroken,
without micritic outlines, and positioned oblique
or parallel to bedding. The original shell material
is replaced by blocky spar. Microcrystalline spar
is present at the bottom of some valves, succeeded
by blocky spar, suggesting dissolution of shells.
Ostracods are very rare.

MF 6 — Oncoidal-peloidal floatstone

This type of microfacies was recorded in thick
beds, overlying oolite with intraclasts and passing
into ooid-intraclastic packstone to rudstone.
It may also form a homogenous texture within
individual beds.

This MF is characterised by 20-40% of
4-12 mm large oncoids with micritic inner
structure. Some peloids, small spar crystals,
encrusting foraminifera, and microproblematica
Thaumatoporella are found within the oncoids.
A possible partly bored sponge was found in
the center of one of the oncoids. Two subtypes
may be distinguished on the basis of the matrix
surrounding the oncoids.

In the first subtype, oncoids are embedded in
packstone matrix (Fig. 10.1). Patches of peloidal
grainstone with intergranular drusy mosaic spar
are present along the packstone. Grains comprise
50 % of the area. They are poorly sorted, with an
average size 0.15 mm. Peloids predominate (80 % of
grains) over intraclasts (10 %), foraminifera (4 %),
bivalve fragments (3 %), and microproblematica
Thaumatoporella and Tubiphytes (2 %).
Gastropods, echinoderms and green algae are
very rare. Large lituolid foraminifera are rarely
present. Echinoderm plates are overgrown by
sintaxial calcite.

In the second subtype, oncoids are embedded
in wackestone with patches of packstone (Fig.
10.2). Washed-out patches are rarer (2.5% of
surface), filled with drusy mosaic cement. Peloids
are the dominant grain type. Superficial ooids,
foraminifera, intraclasts, echinoderms, and serpulid
fragments are subordinate.

MF 7 — Coated bioclastic floatstone with peloidal-
bioclastic wackestone-packstone matrix

Present in medium to very thick beds, in places
with erosional lower bedding planes.

Grains measuring 2-5 mm represent up to
25 % of the thin section area (Fig. 10.3-10.4). They
consist of bivalve fragments, rarely gastropods,
brachiopod shells, and aggregate grains. Fossils
are neomorphically altered into mosaic or
granular spar. Some are rounded due to abrasion/
bioerosion, strongly bored at the surface or
have micritic coatings. The supporting matrix is
represented by peloidal-bioclastic wackestone-
packstone with 30-50 % of grains (Fig. 10.5). These
are dominated by peloids (80 % of grains). Common
are mollusc shell fragments (10-15% of grains),
which are angular, without micritic outlines.
Foraminifera (up to 5% of grains diverse small
and large benthic forms) and echinoderms (2.5 %
of grains) are always present, whereas amount
of superficial ooids varies (0-5%). Gastropods
(Fig. 10.6), ostracods, dasyclad green algae, and
brachiopods are rare to very rare. Almost 2 mm
wide stromatactis-like cavities are rarely present,
filled with blocky spar.

Remark: This MF could alternatively be
assigned to SMF 11 (Coated bioclastic grainstone),
occuring in winnowed platform edge sands, rarely
in inner- and middle-ramp settings. In Table 1, it
is attributed to SMF 10 (Bioclastic packstone and
grainstone with worn skeletal grains).

Figure 9. Microfacies types of the Podpe¢ limestone.

1 — Mudstone with fenestrae, partly filled with crystal silt (arrowhead). Thin section 416.

2 -3 Lithiotid rudstone. Thin section 412.

4 -5 Thaumatoporella wackestone-packstone. Thaumatoporella thallus is marked with the arrowhead. Thin section 426.

6 —7 Peloidal wackestone to packstone. Thin section 336.
8 — Bivalve rudstone. Thin section 323.
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MF 8 — Peloidal grainstone

Present in medium thick beds with cross-
lamination, and massive beds.

This MF is distinguished from MF 7 in the
smaller amount of clasts larger than 2 mm, and a
lack of micritic matrix.

Up to 4 mm large clasts (up to 5 % of the surface)
comprise mudstone and wackestone intraclasts,
fragmented bivalve shells with microborings on
the outer surface, gastropods, and large benthic
foraminifera. Clasts are parallel to the bedding
and are floating in peloidal grainstone.

Around 50% of the peloidal grainstone
consists of grains. These are well to very well
sorted (Fig. 10.7-10.8). Rounded, 0.1-0.2 mm or
0.2-0.35 mm large peloids (in this case “pseudo-
0o0ids”) predominate (70 % of clasts). Subordinate
are cortoids of small mollusc fragments (10 % of
grains), replaced by spar, sub-rounded to angular
in shape, and sub-elongated or isometric in form.
Superficial ooids (10% of grains) have nuclei
of mollusc fragments, echinoderms or peloids.
Echinoderms, foraminifera and lumps comprise
each 5 % of grains. Gastropods and calcimicrobes
are very rare.

Grains are surrounded by circumgranular
bladed spar. The remaining intergranular space is
filled with mosaic spar. Sintaxial cement is present
around echinoderm plates.

MF 9 — Cortoid floatstone to rudstone with
peloidal-bioclastic grainstone matrix

This is a very common microfacies, building
medium to very thick beds. The latter are often
normally graded, with large bioclasts concentrated
inthelower part.Indistinct grading may be present,
with rudstone passing into floatstone. Larger
bivalve shells are usually parallel to bedding, but
variably concave- to convex-upwards. Geopetal
structures may be present in gastropod shells.
Lamination due to differences in grain size is in
places present in the grainstone matrix.

Clasts larger than 2 mm (up to 11 mm in
diameter) comprise 10-50 % of the rock volume.
They are mostly bivalve shells with micritised outer
surfaces and replaced by mosaic spar (Fig. 11.1-

11.2). Micritic coatings are also present. Packstone
or mudstone matrix clings to some shells. Some
large intraclasts with keystone vugs are locally
present (Fig. 11.5). A minor part of larger clasts
belongs to abraded and on the outside micritised
gastropods. Their lumen is filled with packstone
or with mudstone. Large benthic foraminifera,
calcimicrobe Cayeuxia, dasyclad green algae
geniculi, echinoderms, and packstone intraclasts
represent a smaller amount of large grains.

The described large clasts float in peloidal-
bioclastic grainstone (Fig.11.3-11.4). The mean
size of peloids is around 0.2 mm, whereas bioclasts
measure 0.5-1 mm. Grains are well rounded,
sub-elongated to spherical in shape. Peloids or
superficial ooids predominate (around 80 % of
smaller grains). The rest of the smaller grains
are echinoderms (some with micritised outlines),
mollusc fragments, benthic foraminifera, dasyclad
green algae, brachiopod fragments, and aggregate
grains.

Grains are surrounded by fibrous to bladed
circumgranular cement.The remaining intergranular
space is filled with mosaic spar. Larger vugs and
umbrella-type vugs beneath some bivalve shells
are filled with drusy mosaic spar. Echinoderms are
enclosed in sintaxial cement.

Remark: There is no single SMF type to describe
rudstone to floatstone with grainstone matrix.
Instead, comparable lithology is interpreted as
storm deposit (Pl. 127, fig. 2 in FruceL, 2004; see
also CaracuUtL et al., 2005).

MF 10 — Bimodal poorly to medium sorted
ootid-peloidal grainstone

This type of microfacies was recognised in
thin beds, in very thick beds with inverse-to-
normal grading, or in very thick beds with bivalve
accumulations at the base. It was also encountered
as lense-shaped accumulations.

Grains represent 60% of the volume and are
bimodally distributed (Fig.11.6-11.7). Sorting
is poor to moderately good. Grains are in point
contacts. Larger grains (diameter 0.3 or 0.5-0.8
mm) are represented by ooids and aggregate
grains. Interstices between larger grains are more
or less densely filled with smaller ooids (diameter
0.05-0.07 mm) and peloids.

Figure 10. Microfacies types of the Podpe¢ limestone.
1 — Oncoidal floatstone with packstone matrix. Thin section 524.

2 — Oncoidal floatstone with wackestone matrix. Thin section 518.

3 — Floatstone with packstone matrix. Thin section 328.
4 — Floatstone with dense wackestone matrix. Thin section 424a.

5 — Wackestone matrix of floatstone. Fragmented fossils, ostracods and peloids. Thin section 423.

6 — Gastropod shell replaced by drusy mosaic spar. Crossed nicols. Floatstone with wackestone matrix. Thin section 423.

7 — Peloidal grainstone. Thin section 534.

8 — Peloidal grainstone. Note a small radial ooid (white arrowhead) and spar-replaced bioclasts (black arrowhead), the majority of

which have micritic outline. Thin section 331.
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Peloids account for 40 % of grains. They
are very well rounded and have hazy outlines.
They are often grouped into small patches.
Aggregate grains (lumps and mature lumps)
represent around 30 % of grains. They consist
of ooids, bounded by micritic meniscus cement.
Spheroidal ooids represent approximately 20 %
of grains. They are largely micritised and partly
recrystallised; it is thus difficult to distinguish
whether they were concentric or radial. Their
nuclei include neomorphically altered shell
fragments, echinoderm plates, rarely small
gastropods, but most are micritic/micritised.
The cortex (often micritised) consists of 9-15 or
more laminae, each 8-10 pm thick. The cortex/
nucleus ratio is 41-56 %. Superficial ooids,
formed around large benthic foraminifera, and
a few spiny ooids are also present (Fig. 12.1). A
minor amount of grains belongs to intraclasts of
peloidal packstone. Cortoids (up to 5 % of clasts)
are mostly small fragments. Some larger bivalve
shell fragments have strongly micritised outer
surfaces. Some have uneven micritic coatings.
The shells themselves are replaced by spar.
Isolated (i.e., not included into ooids) benthic
foraminifera are rarely found. Gastropods are
rare.

Intergranular space is filled with drusy mosaic
spar.

MF 11 — Well-sorted ooid grainstone

This type is present in medium thick beds
with slight cross lamination, in thick and
very thick beds (also following bivalve shell
accumulation at the base), and as lens-like
accumulations.

Grains represent 50 % of the volume. Sorting
is good to very good (Fig. 12.2-12.3, 12.5). Grains
are in point contacts. Two MF 11 subtypes are
distinguished on the basis of the prevalent ooids
sizes: MF1la with 0.15-0.35 mm (mean size 0.30
mm) large ooids (Figs. 12.2-12.3,12.5), and MF11b
with 0.35-0.55 mm (mean size 0.40 mm) large ooids
(Figs. 12.4, 12.6). In places, lamination is visible
due to a slight change in grain size and packing
(Fig. 12.3). The lamina boundaries may be slightly
undulating and sharp (Fig. 12.5).

Ooids are spheroidal and present 95 % of grains
(Fig. 12.4). Nuclei are usually micritic, although
small benthic foraminifera, mollusc fragments
and echinoderm remains are present. As in MF
10, ooids are mostly strongly micritised, but
there appears to be fewer (up to nine) laminae in
cortices. The ratio cortex:nucleus amounts to up to
45 % for the thickest ooids. Few superficial ooids,
formed around shell fragments, foraminifera and
echinoderms, are also present. Spiny ooids are
very rare, as well as broken and half-moon ooids.

The remaining grains are neomorphically
altered shell fragments (mostly free of micritic
coating), echinoderms, gastropods, aggregate
grains, and very rare green algae, ostracods, and
brachiopod fragments. Foraminifera were found
only as ooid nuclei.

Grains are rimmed by fibrous to bladed
spar (Fig. 12.6), succeeded by drusy mosaic
intergranular cement (Fig. 12.4). Sintaxial cement
is present around echinoderm plates, and ooids
are partly recrystallised. Keystone vugs, filled with
drusy mosaic spar are common. Slightly irregular
laminae of crystal silt are sometimes present
within grainstone (Fig. 12.6).

Discussion
Interpretation of the studied sections

Reddish colouration of upper bedding planes,
thin irregular intercalations of claystone and in
one case subvertical pipes filled with yellowish
claystone correspond to palaeosol and palaeokarst
surfaces (MarTINUS et al., 2012; see also BUSERr
& DEBELJAK, 1996), and suggest deposition in
a very shallow sea, frequently interrupted by
emersions. Spiny ooids are also indicative of
vadose conditions (FLuGeL, 2004). On the basis
of the thickest bed (7 m in Podpe¢ section), and
the abundance of paleosol horizons in the Podpec
section, the water depth might have been only a
few meters.

Lithiotid bivalves preserved in living position
in the lower part of the Podpec¢ section suggest a
short transport of lithiotid shells found in slightly

Figure 11. Microfacies types of the Podpe¢ limestone.

1 - Bioclastic floatstone-rudstone with peloidal grainstone matrix. Note the neomorphic replacement of mollusc shells by drusy
mosaic spar (arrowhead) and the sindepositional pore space beneath the shell, filled by spar (S). Thin section 523.

2 — Bioclastic rudstone with peloidal grainstone matrix. Thin section 429d.

3 —Details of the grainstone matrix. Note the highly micritised bioclasts (B), a large rounded micritic clast (completely recrystallised
bioclast?) and a fragment of benthic foraminifera (arrowhead). Thin section 417.

4 — Details of the grainstone matrix. Note the crude lamination due to the difference in grain size and sorting (arrowhead points at

the sub-horizontal boundary). Thin section 528.

5 — Large lithified intraclast (peloidal grainstone with large keystone vugs (K) — cemented beachrock) in bioclastic rudstone.
Arrowhead points at the intensely cemented intraclast boundary. Thin section 420.

6 — Bimodal poorly to medium sorted ooid grainstone. Note large bivalves (B), keystone vugs (K) partly filled with internal sediment

and some aggregate grains (arrowhead). Thin section 413.

7 — Bimodal poorly to medium sorted ooid grainstone. Note crude lamination (laminae running from top left to lower right)

suggested by grain density. Thin section 429c, not oriented.
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younger claystone beds. It is also possible that
accumulations of lithiotid shells in claystone result
from subaerial exposure of the entire buildup,
resulting in its demise, so these individuals may
also be preserved in situ (hence the preservation
of both valves).

Birdseyes vugs and cortoids further agree
with deposition in a very shallow marine setting
(Frucer, 2004). A mixture of high- and low-
energy environment and/or events is suggested by
the co-presence of ooids and oncoids (turbulent
water) and micritic limestone (stagnant water),
and is reflected in the mixture of high and low
energy microfacies types. Chaotic accumulations
of mollusc shells suggest occasional influence of
high water-energy events, such as storms (MASETTI,
2002; FLUGEL, 2004).

The microfacies (MF) association agrees
with the interpretation of the shallow-marine
sedimentary environment (Table 1). Although MF
types 1, 2, 3 and 5 were described only from the
Podpe¢ section, and MF 6 only from the Zalopate
section, this is attributed to the sampling bias,
because only a small proportion of beds were
sampled for microscopy.

The northern part of the Adriatic
Carbonate Platform

On the basis of several schematic sections,
Buser and DEeBELJAK (1996) suggested a rimmed
carbonate platform model. They positioned the
Podpeé area close to the oolitic margin of the
platform. A similar position was envisaged for
the Spik section in Trnovski gozd. The ooid-rich
margin of the platform is followed landward by
a restricted lagoon in which mud-rich limestone
with low energy index deposited (Buser and
DEeBELJAK, 1996). Dozer (1999) later described
lithiotid limestone near Kocevje, where lithiotid-
bearing dolomite is intercalated with thin layers
of fine-grained intraformational breccia and coal-
bearing horizons.

In contrast, CRNE and Gorican (2008) suggested
the ramp type model on the basis of similarities of

the Kovk section with the Rumija in Montenegro.
The lithiotid limestone in the Kovk section was
divided into three units (CrNE and GORICAN,
2008). The lowermost of these comprises thick
bedded peritidal limestone (subtidal wackestone,
rarely packstone, inter- to supratidal fenestral
mudstone or fenestral peloidal packstone, rarely
peloidal grainstone with few ooids) with lithiotid
bivalves. The second subunit consists of peloidal
grainstone with ooids, and the third of peritidal
wackestone and packstone with bivalves of the
lithiotid facies. According to CrNE and GORICAN
(2008), Kovk section belongs to the inner ramp
setting.

The herein described association of microfacies
types agrees with both interpretations (Table 1),
and may correspond to the inner-ramp setting, or
to the open and restricted lagoon interior of the
rimmed platform model (FrLuceL, 2004). However,
the rimmed platform model is herein preferred
due to the following reasons:

(1) cortoids and aggregate grains are more
common on a rimmed platform (FLuGeL, 2004),
although they are not excluded from ramps;

(2)a rimmed platform would be more prone
to small sea-level falls, and emersions are
common in recorded sections, especially in the
Podpec sections;

(3)the ramp model suggests that all known
localities of the lithiotid limestone belong to
the inner ramp setting (Fig. 13.1); this also
suggests that an entire middle and outer ramp
are currently missing due to latter thrusting or
breaking of the AACP margin;

(4)the rimmed carbonate platform model on
the contrary suggests a more widespread
palaeogeographic distribution of localities
(Fig. 13.2), and a less drastic post-Cretaceous
crust shortening.

Conclusions

The microfacies association recorded in
the Late Sinemurian — Pliensbachian lithiotid
bivalves-bearing limestone at the northern
margin of the Adriatic Carbonate Platform
comprises: (1) mudstone, (2) lithiotid floatstone

Figure 12. Microfacies types of the Podpe¢ limestone.

1 — Bimodal poor to medium sorted ooid grainstone. Note the common aggregate grains (A) and a spiny ooid (S), typical of sands
cemented in a vadose environment (see FLUGEL, 2004, p. 148). Thin section 334.

2 —Well sorted ooid grainstone. Unimodal size distribution of ooids suggests pre-depositional sorting of grains. Note moldic porosity
formed through total dissolution of some bivalve shells (black arrowhead). A few cortoids (white arrowhead) and intraclasts (I)

are also present. Thin section 322.

3 — Unimodally sorted ooid grainstone with at least four laminae (L.1-L4) with blurred boundaries, suggesting changes in water
energy conditions. Note normal grading in laminae L3 and L4. Obliquely cut sample. Thin section 335.

4 — Detail of ooid grainstone with a small bivalve. Note circumgranular and intragranular fibrous cement (arrowhead) and the
blocky spar (B) filling the remaining inter- and intragranular space. Thin section 421.

5 — Well sorted ooid grainstone. Arrowheads point at wavy boundaries reflecting short-term changes in water energy conditions.

Thin section 536.

6 — Lamina within ooid grainstone, where the pore space between grains (oolites, aggregate grains, bivalve fragment with micritic
outline) is filled with marine phreatic fibrous circumgranular cement (arrowhead) and crystal silt, suggesting occasional vadose

conditions (see Fig. 14.20 in FLUGEL, 2004). Thin section 427.
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Figure 13. Discussed possible models for the northern part of
the Adriatic Carbonate Platform. 1 — Rimmed platform. 2 —
Carbonate ramp. Modified after FLUGEL (2004).

to rudstone, (3) peloidal wackestone-packstone
with Thaumatoporella, (4) peloidal wackestone to
packstone, (5) bivalve floatstone to rudstone, (6)
oncoidal-peloidal floatstone, (7) coated bioclastic
floatstone with peloidal-bioclastic wackestone-
packstone matrix, (8) peloidal grainstone, (9)
cortoid floatstone to rudstone with peloidal-
bioclastic grainstone matrix, (10) bimodal poorly
to medium sorted ooid-peloidal grainstone, and
(11) well sorted ooid grainstone.

The most common type of grains are ooids,
aggregate grains and various skeletal particles
(bivalve shells, large benthic foraminifera).
Cortoids are common. Rare spiny ooids indicate
occasional vadose conditions, and subaerial
exposure surfaces point to occasional emersion.
The most common type of cement, present in
washed-out patches of micritic matrix or among
grains in higher-energy facies types, is blocky
or drusy mosaic spar. In several MF types, it is
preceded by circumgranular fibrous to bladed
spar.

The facies association corresponds to restricted
and open marine interior (facies zones 8 and 7)
of a platform bordered by marginal sand shoals,
or to the inner ramp setting (FLuGeL, 2004). This
study does not give the final answer concerning
the type of the platform due to the lack of seismic-
scale profiles. However, the platform bordered
by oolitic shoals and with a steep transition to
the Slovenian Basin to the north may be a better
model than the ramp model.
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Abstract

The Mura-Zala sedimentary Basin is a Neogene basin with many competing geopotentials, spanning parts
of Slovenia, Austria, Croatia and Hungary. Here we present the 3D regional geological model of the Slovenian
part of the Mura-Zala Basin, which was developed to integrate the latest information on the geological
structure of NE Slovenia and to publish the model in an open-access mode for easier and faster assessment of
geopotentials. This was achieved through the harmonisation of thelegacy geological models, the reinterpretation
of 145 borehole logs, the construction of the 3D numerical geological model in JewelSuite™, and delivering
it into a 3D-Explorer environment. The model comprises nine lithostratigraphical units. The Pre-Neogene
basement rocks are covered by the Haloze Formation; the Spilje Formation — Badenian and Sarmatian; the
Lendava Formation - turbidites and slope; the Mura Formation — delta front and delta plain; and the alluvial
Ptuj-Grad Formation. The model has two principal shortcomings, related to currently unavailable seismic
reflection data faults were not implemented, and the Quaternary formations were not delimited. The model
is useful for regional-scale studies and may reduce geological risks related to exploration in NE Slovenia. It
will also support a better assessment of geopotentials and a more feasible approach to their development, and,
eventually, will enable the harmonized management of our subsurface in 3D space. This can be achieved using
the 3D-Explorer platform which enables the creation of arbitrary vertical cross-sections, horizontal slices and
virtual boreholes.

Izvlecek

Mursko-zalski sedimentacijski bazen je neogenski bazen s Stevilnimi konkurenénimi geopotenciali, ki se
razsirja v Sloveniji, Avstriji, Hrvaski in na Madzarskem. V ¢lanku predstavljamo 3D regionalni geoloski model
slovenskega dela Mursko-zalskega bazena. Razvit je za prikaz najnovejsih informacij o geoloski zgradbi SV
Slovenije in objavo v prosto dostopni obliki, ki omogoca lazjo in hitrejSo oceno geopotencialov. To smo dosegli z
uskladitvijo predhodnih geoloskih modelov, reinterpretacijo 145 geofizikalnih popisov globokih vrtin, izdelavo
3D matemati¢nega modela s programom JewelSuite™ in njegovo implementacijo v orodju 3D-Explorer. Model
prikazuje devet litostratigrafskih enot. Pred-neogenske kamnine v podlagi bazena so prekrite s Halosko
formacijo, Spiljsko formacijo - sarmatij in badenij, Lendavsko formacijo - pobo¢je in turbiditi, Mursko formacijo
- deltno ¢elo in ravnica ter aluvialno Ptujsko-grajsko formacijo. Model ima dve poglavitni slabosti, kot posledica
nedostopnosti seizmi¢nih podatkov vanj niso vklju€eni prelomi in sedimenti kvartarne starosti niso razmejeni.
Model je primeren za regionalne Studije in zato lahko zniza geolo$ko tveganje pri raziskavah v SV Sloveniji. S
tem, ko podpira boljSo oceno geopotencialov in primernejsi pristop k njihovem razvoju, bo s¢asoma omogoc¢il
usklajeno upravljanje naSega podpovrsja v tridimenzionalnem prostoru. Raba 3D-Explorerja omogoca izdelavo
poljubnih navpiénih in vodoravnih prerezov ter navideznih vrtin.

Introduction by a major system of Neogene basins resting on a

highly deformed and complexly faulted substrate of

The Pannonian Basin is a Tertiary sedimentary = Mesozoic, Paleozoic, and Precambrian rocks of the

basin, which is considered to be a continental Inner Carpathian foldbelt. Shared by several Central

back-arc basin of the Carpathian orogeny (JELEN & and Eastern European countries,the Pannonian Basin
RireLs, 2005; HorvATH et al., 2015). It is characterised  features a variety of vast and diverse geopotentials.
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The Slovenian part of the Mura-Zala Basin
(Fig. 1) is located on the western margin of the
Pannonian Basin and continues on to Austria,
Croatia and Hungary (NADor et al., 2012).

In the past, the basin was called the Mura
Depression (Voncina, 1966; RovpeEn & HORVATH,
1988; Mio¢ & ZNIDARCIC, 1989; Gosar, 1995) or
the Mura Basin (Krars & Kravrs, 2000), and the
Medimurje-Zala Basin (in VrzeL (2012) after Z17Ek
(2006)).

The Mura-Zala basin is important for oil and
gas production (e.g. PLENICAR, 1954; BADER, 1976;
Diurasek, 1988; Mio¢ & ZNmareic, 1996; Lucic et al.,
2001; Dorron, 2006; Kureva & VULIN, 2011; MARKIC,
2013),for gasstorage (e.g. Gosar,2005), thermal water
(e.g.Rmanetal,, 2012,2015; HorvAtH et al., 2015), coal
(e.g. Marki¢ et al., 2011), CCS (e.g. PrEsECNIK, 2008;
VanGkiLDE-PEDERSEN et al,, 2009), and its extensive
groundwater reservoirs (e.g. Nosan, 1973; ZLEBNIK
& DroBNE, 1999; Krary & Krars, 2000; RaJver et al,,
2012; Szécs et al., 2013). New types of geopotentials,
such as CO, and natural gas storage are competing
with traditional uses, for example as a source of
drinking and thermal water, and for oil and gas.
Therefore, sustainable management of subsurface
geopotentials requires an understanding of geology
and geological structures, which can be facilitated
by visualizing these reservoirs in 3D. Understanding
3D spatial relationships is a major challenge for
spatial planning and licensing authorities, who
need a clear picture of the subsurface on order to
mitigate possible conflicts among the many users
and countries involved.

Several geological studies provide a large
public data repository as a web tool that is freely
accessible online (see http://akvamarin.geo-zs.si/t-
jam_boreholes/ or http://transenergy-eu.geologie.
ac.at/). However, their value and attractiveness for
stakeholders is rather poor due to the lack of an
effective tool for visualising subsurface data in 3D.

The 3D regional geological model of the
Slovenian part of the Mura-Zala Basin presented
in this paper was developed by the Slovenian
members of the project GeoMol (THE GroMoL
TEaM, 2015). The model aims to:

e publish available 3D spatial information on the
geological structure of NE Slovenia,

e present the data using the latest
lithostratigraphical characterisation of the Basin,

e enable open, faster and easier assessment of
geopotentials.

This was achieved by reinterpretation and
harmonisation of existing geological models,
reinterpretation and digitalisation of log data,
development of the 3D numerical geological
model, and its implementation in the 3D-Explorer.
This way, the opportunity to identify new areas
for development of various geopotentials is
freely available to everybody, without any special
software.

Geological setting

The Mura-Zala Basin extends across most of
north-eastern Slovenia (Fig. 1). Basin fill consists
of Neogene sediments belonging to the Central
Paratethys paleogeographic domain (RoyDEN
& HorvaTH, 1988). Regional stages in use for the
Central Paratethys are therefore used to describe
the formations in the model (PiLLER et al., 2007).

The lithostratigraphy of the Mura-Zala
Basin was first interpreted for purposes of oil
and gas research in the 1950s-1960s (PLENICAR,
1954; Cicit, 1958; VoncCiNa, 1966), which was
followed by a geological mapping for the Basic
Geological Map of Yugoslavia (PLENICAR, 1968,
Mio¢ & Znmarcic, 1978, 1998; ANICIC & JURISA,
1984; Znmarceie & Mioc¢, 1987; Markovi¢c & Mioc,
1988). The determination of Miocene formations
was based on lithological, biostratigraphical and
geophysical markers (NarrapLIN, 1966; GRANDIC
et al., 1986; Turk, 1993; Mio¢ & ZNIDARCIC, 1996).
Previously, earlier Miocene formations were also
jointly named the Murska Sobota Formation
(Fm.) while all Pontian to Quaternary sediments
were named the Mura Fm. (Turk, 1993; KraALJ
& Krari, 2000). The stratigraphy was upgraded
during the latest regional reinterpretations based
on a dynamic process approach and focusing
on the evolution of sedimentary environments
performed in several transnational projects,
such as the AT-SLO project TRANSTHERMAL
(Larange et al, 2007), the HU-SLO project
T-JAM (NApor et al., 2012), and the AT-HU-SK-
SLO project TRANSENERGY (RmaN & LAPANJE,
2013), as well as separately (Luci¢ et al., 2001;
Fopor et al., 2002, 2005; JeLEN et al., 2006; Pavsic
& Horvart, 2009). Currently, the most important
publication on the regional lithostratigraphical
settings is the Surface lithostratigraphic and
tectonic structural map of the T-JAM project
area, northeaster Slovenia, at 1:100,000 (JELEN
& RireLs, 2011), where the Neogene units are
reinterpreted.

The Mura-Zala Basin was formed at the
western margin of the continental rift that was
active from the Late Ottnangian to the mid-
Badenian (MArToN et al, 2002; JeLEN et al.,
2006; Maros et al., 2012). An ENE - WSW to E
— W oriented Ottnangian extension produced
cascading subsidence along the dextral-
transtensional Donat Fault zone in the south,
and along the Raba extensional corridor (also
left lateral transfer zone) in the north (Fig. 1).
Along these fault zones, sub-basins were formed
in half-grabens (JELEN & RireLs, 2005; JELEN et
al., 2006). The Mura-Zala Basin is characterized
by two ENE - WSW trending sub-basins: the
Haloze — Ljutomer — Budafa Sub-basin in the
south along the Ljutomer and Donat Faults,
and the Radgona - Vas Sub-basin in the north
along the Raba Fault. A basement high named
the Murska Sobota extensional block separates
the two sub-basins. The northern and southern
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Fig. 1. Contour map of the pre-Neogene basement with major tectonic features (adapted from reports of JELEN et al., 2006, Maros et
al,, 2012). The extent of the Slovenj Gradec Sub-basin is only schematic and no information was available for Croatia.

margins of the Mura-Zala Basin are formed by
the South Burgenland Horst and the Kozjansko —
Zagorje tectonic block, respectively. The Pohorje
and Murska Sobota extensional blocks formed
along roughly N - S trending listric extensional
faults between the Rédba and Donat Fault zones.
The Maribor Sub-basin formed above the faulted
boundary between the two blocks. The Eastern
Mura — Orseg Sub-basin subsided along the
Bajan Fault running along the eastern side of the
Murska Sobota block, roughly along the border
between Slovenia and Hungary.

The lithostratigraphical description, sedimentary
environmental and dynamic infill of the basin is
summarised from Fopor et al. (2011), JELEN & RIFELS
(2011) and Maros et al. (2012). The oldest Neogene
sediments belong to the Early to mid-Miocene
(Ottnangian to Early Badenian) Haloze Fm. The
continental muddy breccias and conglomerates at the
bottom of the sub-basins represent the initial phase
of their filling, but higher up, the sediments soon
turn into fine-grained deposits of marine character.
The upper part of the Haloze Fm. includes also tuff
and shallow marine deposits, e.g. Lithotamnian
limestone, corresponding to a deposition in a short
tectonic inversion and simultaneous sea level drop
in the Early Badenian. These sediments have mostly
low permeability.

The Spilje Fm. begins with the mid-Miocene
(Badenian) transgression due to eustatic sea
level rise and continuing the subsidence of the
sub-basins. Shorelines shifted far inland and a
connectionbetween the Central and Mediterranean
Paratethys was established. Poorly-permeable fine
grained mud-rich turbidites deposited along the
basin margins, and hemipelagic mud in the deepest
parts of the sub-basins. Shallow marine deposition

prevailed throughout the mid-Miocene (Badenian
and Sarmatian) on the Murska Sobota extensional
block, as well as to the south and north of the basin
margins. Transgression was interrupted by the
Late Badenian regression phase, which produced
erosional surfaces in previously submerged areas.
Coarse-grained clastic sediments of heterolithic
facies were derived from the uplifted basement.
Even limestones formed along the new shorelines
that were established after regression. These
shallow-water and coarse-grained deposits are
generally highly permeable. After this short-lived
regression, the deposition of low-permeability
sediments continued and the western parts of
the sub-basins were filled up by the end of the
Sarmatian, by which time the connection with the
rest of the Tethys was also severed.

In the Late Miocene (Pannonian), the area
turned into a vast lake system. Rivers from the
rising Eastern Alps continuously filled the still
subsiding sub-basins with prograding deltas.
Continuous subsidence and the Pannonian
transgression led to the submergence of the
Murska Sobota extensional block. Deposition of
hemipelagic marl took place in the deepest parts
of the sub-basins, and deltas prograded from the W
and NW.The Lendava Fm. comprises turbidites fed
from the prograding delta, which are overlain by
fine-grained slope deposits. The sandy turbidites
occur as isolated permeable bodies, whereas the
fine-grained slope deposits represent a very low-
permeability horizon covering the turbidites.

Well-permeable  coarse-grained turbiditic
sandstone and limestone of the Spilje and Lendava
Fms. store significant quantities of oil and gas
(HasenauTTL et al., 2001) and oil-prone thermal
water (Krars & Kravry, 2000).
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The deltaic sediments of the Mura Fm. are
divided into delta front and delta plain facies. The
delta front is represented by permeable tabular
sand bodies deposited at the delta mouth, which
are the most extensive and widely exploited
geothermal aquifers in the region (Krari, 2001;
Krars & Krary, 2012; Rman et al., 2012; RMAN,
2014). The delta plain sediments are mostly fine-
grained silts with occurrences of coal (MaRrkIC
et al, 2011). Permeable gravel lenses originating
in distribution channels connect this part of the
sequence with the delta front facies. The age of
strata in the Mura Fm. generally decreases from
W to E in the direction away from the former land
surface.

In Pliocene, sediment deposition overwhelmed
the subsidence, and delta plain sedimentation
changed to an alluvial type of deposition,
producing the Ptuj-Grad Fm. A phase of tectonic
compression in Pliocene (ToMmLiENOVIC & CSONTOS,
2001) induced inversion and folding that was
restricted mainly to the Donat Fault zone. Alluvial
sediments slowly covered the deltas and indicated
a new organization of the drainage system in
the Paratethyan domain. The Ptuj-Grad Fm. is
quite permeable but does not contain extensive
geothermal or freshwater aquifers (ZrLeBNik, 1978;
Szoécs et al, 2013; Rman, 2014). The youngest
sediments are mostly gravelly alluvial deposits of
the Drava and Mura rivers. They are of Quaternary
age and an important drinking water resource
(ANpJELOV et al., 2006).

Methodology
Modelling procedure

Building a 3D geological model is a continuous
process that includes several steps, depending on
the type. Data pre-processing includes collecting,
structuring and reinterpreting data. Maps and
cross-sections are digitized and managed as vector
data in GIS software where necessary. The final
step is to integrate all this data into software for
the 3D modelling process (KaurmManN & MARTIN,
2008). These steps are repeated each time new data
is available. For a geological model, the process can
be performed each time a new borehole is drilled,
a new reflection seismic profile is made or a new
geological map is published. In order to be able to
update the existing model as quickly as possible, we
have followed several methodological steps (Fig. 2).

We created a 3D model using several different
software applications: MS Office Excel for the
borehole database, AutoCAD (InTernET) for
constructing cross-sections, ArcMap (ESRI,
2014) for processing two dimensional data, and
JewelSuite™ (Baker Huches, 2014) for handling
3D models from previous studies and constructing
the final three dimensional model. Building a
model uses the data both ways, as a continuous
exchange between software formats is necessary
due to their reprocessing.
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Fig. 2. Organigram of the methodology used to produce a 3D
geological model (modified after Kaurmann & MarTiN, 2008).

Initially, we used mostly vector data (points,
polylines and polygons) to create cross-sections.
Some were derived from the raster data (by
digitizing maps) but the raster data (digital surface
map — CIAT, 2004) was also used. We collected four
types of available source data:

e Published geological surface map (Mio¢ &
Margovic, 1998; JELEN & RIFELJ, 2011),

e Models from previous studies of the area
(LaransE et al., 2007, Fopor et al., 2011, Maros et
al., 2012, Rman, 2013),

e Digital surface map (CIAT, 2004) and
e Borehole lithological logs.

The information on boreholes was first collected
and organized in an MS Excel database, and later
harmonized and reinterpreted. Additionally, we
created six interpretative cross-sections using
AutoCAD: three in SW-NE and three in the
NW-SE direction (Fig. 3). They are deliberately
spatially equally distributed over the study area
and intersect the most representative boreholes.
These sections constituted the main input for
the building of the 3D model, together with the
453 formation penetration points (FPP) from 145
reinterpreted borehole logs (see Table 3). Boreholes
are very unevenly distributed over the model area,
clustered in and around urban areas as well as in
areas richer in oil and gas, and according to other
geopotential probability, i.e. near Lendava, Gornja
Radgona and Murska Sobota (Fig. 3).

Together with these cross-sections, the 3D
models from previous studies were imported into
the JewelSuite™ software. Based on all of the
data, polylines in the three dimensional space
were created. Additionally, boreholes (X, Y, Z,
inclination and azimuth) and their formation
penetration points were also imported. Using
a combination of newly created polylines, the
digitized surface geological map, and information
on the horizontal extent of formations (from FPP),
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we created pinchout lines for all formations and
defined their terminations (Fig. 4a). The pinchout
lines were created using the JewelSuite™
and ArcMap simultaneously, being iteratively
connected with the polylines, and determining
the shape of the layers. These newly connected
polylines were triangulated to a triangular mesh
using a linear interpolation method (Fig. 4b).

Meshes of individual layers were additionally
vertically fitted using the reinterpreted borehole
data (FPP). The resulting model is a three
dimensional trimesh layer model. Subsequently,
the stratigraphic boundary surfaces were
converted to regular gridded surfaces with a cell
size 0of 500 x 500 m in order to have the possibility
of using it with other software later (e.g. with
FeFlow, ArcMap).

Extent and boundaries of the model

The 3D model covers NE Slovenia, with
smaller parts entering Austria, Hungary and
Croatia (Fig. 3). Geographically, the model is
referenced in UTM 33 N projection using WGS84
datum. It extends 121 km in the E - W direction
and 91 km in the N — S direction, over a total area
of 5404 km?. To the NW, the model is bounded by
the state border between Slovenia and Austria,
while it extends to the NE along the border of
Fig. 4. Digitized polylines from cross-sections with FPP (a) and the TRANSENERGY pilot area (Fuks & Janza,
created trimesh from polylines (b) for one layer. 2013). Its eastern and southern boundaries




144

Dejan SRAM, Nina RMAN, Igor RIZNAR & Andrej LAPANJE

are controlled by the extent of the model from
Rman (2013), which was constrained by the data
available and the trace of the Ljutomer Fault. The
western model boundary follows the groundwater
bodies that close the Mura-Zala Basin.

Vertically, the model stretches from the Earth's
surface down to the base of Neogene rocks.
Enhanced digital surface data from the Shuttle
Radar Topography Mission (CIAT, 2004) was used
for the Earth surface. The base of Neogene rocks
forms a basement surface of the Basin, whose
geometry was adopted from earlier works (Fopor
etal,2011; Maros et al.,2012). Maximum elevation
in the model is approximately 1500 m a.s.l. and
the minimum approximately 6600 m b.s.l,, being
modelled north of Lendava.

Datasets and delineated units

Key stratigraphic units of the Mura-Zala
Basin were reinterpreted using earlier geological
models, existing mainly in 2D format: i) the pre-
Neogene basement depth map (Laranse et al,
2007), ii) the 1:100,000 Basic Geological Map of
Yugoslavia and Slovenia, iii) the 1:100,000 Surface
litostratigraphic and tectonic structural map of
the T-JAM project area in northeastern Slovenia
(JeLEN & RireLs, 2011), iv) the geological model
of the T-JAM project (Fopor et al., 2011), v) the
geological model of the TRANSENERGY project
(Maros et al.,, 2012), and vi) the geological model
of the PhD thesis of Rman (2013). A comparison of
the defined formations is given in Table 1.

This new geological model of the Mura-Zala
Basin comprises eight lithostratigraphical units,

from pre-Quaternary deposits to the Haloze Fm.
(Table 2).

Well logs from 145 boreholes (see locations in Fig.
3) were reinterpreted using lithological descriptions
of cores and drilling chips, and available
paleontological data to distinguish between
sedimentary paleo-environments within the same
formations that were not effectively separated in
previousmodels. Since each formation was deposited
in a distinct sedimentary paleo-environment,
various sedimentological and hydrogeological
characteristics can be used for classification instead
of the very similar lithology of alternating mud (silt
- clay), silt, and sand (Table 2). As clastic sediments
prevail, spontaneous potential, resistivity and
natural gamma-ray logs were used owing to their
strong dependence on grain-size variation. Finally,
as the architecture of the Quaternary sediments
is currently under interpretation, they were not
included in this geological model.

. Due to time constrains the subdivision of the
Spilje Fm. into Badenian and Sarmatian was
performed on only 20 borehole logs used to create
the six interpretative cross-sections. The division
is based on the occurrence of Lithotamnian
limestone.

The number of boreholes that reached different
formation does not decrease with depth, from
Ptuj-Grad Fm. to pre-Neogene basement rocks.
This is because that not all formations occur over
the entire study area, and therefore some boreholes
in the western part of the model penetrate, for
example, only the outcropping Spilje Fm., while
others that should stratigraphically lie above it
are not developed.

Table 1. Comparison of formation definitions with previous projects.

TRANSENERGY
T’I[-‘IlltillzgliL pilot area -
L . MAN
Formation Subdivision e Ll (R supraregional | (Vagos et al.,
(LAPANJE et al., al., 2011) (Maxos et al 2012 (2013)
2007) ’ ’
2012) Fuks et al.
2013)
Ptuj-Grad Fm. / yes yes yes yes
delta plain not
. yes . yes yes
facies not subdivided
Mura Fm.
delta front subdivided os os os
facies Y Y Y
slope facies not yes yes yes
Lendava Fm. bdivided
turbidites subdivide yes yes yes
S ¢ not
armatian age es es
- & not Y Y subdivided
Spilje Fm. .
. not subdivided
Badenian age . yes yes
subdivided
Haloze Fm. / yes yes yes
pre-Neogene
rocks / yes yes yes yes yes
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Table 2. Characteristics of separated formations in the 3D regional geological model as summarised from Maros et al. (2012). Note
that Quaternary deposits were not distinguished.

Lithological D
Formation description Distinguishing criteria sand Sedimentary Time Porosity
(after JELEN & RIFELJ, of borehole logs environment period
2011) content
alternation of gravel,
sandy, silty and
clayey gravel, sand, AP,
Ptuj-Grad gravely and silty Z?l?ic;f;ielgri(z}ﬁ)gcal Latest
Frn sand, silt, sandy and determination 15% alluvial plain Pannonian to 10%
’ silty clay, basaltic e Pliocene
tuff, tuffite and superposition
basalt, isolated coal
occurrences
specific lithology
alternation of silty and paleontological
clay, clay, silt, determination,
gravely, sandy and alternation of fining- .
clayey silt, sand, silty | and coarsening- upward 50% delta plain 10%
and gravely sand, sand bodies from
sandy gravel and coal | geophysical borehole earliest
Mura Fm. logs, coal occurrences Pannonian to
specific lithology Late Pontian
alternation of sand/ | and paleontological
sandstone, silt, marl, |determination, thick,
clayey marl, clay, coarsening-upward sand 70% delta front 12-14%
marly, sandy and bodies from geophysical
silty clay, coal borehole logs, coal
occurrences
superposition and the
sandy silt, marly presence of approx. 200
clay, occasional sand | m thick uniform silt 5% slope Early Pontian 5%
bodies horizon without distinct
stratification
Lendava specific lithology
Fm. alternation of sand/ and palheon"cological
. determination, sand 30% . o
sandstone, silt, sandy, bodies with oceasional (turbidites deep lacustrine Late 7% (turbidites
silty and clayey marl, . o/ i1t o turbiditic Pannonian 10%, silt 5%)
clay gravel, predominately 50%, silt 5%)
non-graded from
geophysical borehole logs
alternation of sand,
sandstone, sandy
and silty marlstone,
stlll;h?l;?grsli ty specific lithology Sarmatian shallow | Mid Badenian
clay, conglomerate and paleontological 50% (and deep) marine, |to Early 7%
locaily sandy * | determination fluvial, terrestrial | Pannonian
. . algal and oolitic
Spilje Fm. limestone, dolomite,
coal
alternation of silty
S;II?dcslt?Izy ;gjﬁiy specific lithology 30%, shallow Badenian shallow Farly .
7 and paleontological areas more - Badenian to 5%
algal limestone, determination ermeable (and deep) marine Sarmatian
conglomerate, p
dolomite, coal
alternation of
sandy and silty cp 1s .
Haloze marl, sandstone, szmﬁ(i hthtOllO gy 1 30% shallow (and deep) i{aép aiman 59
Fm. conglomerate, muddy zgteﬁiiif;ignoglca ° marine, terrestrial Boa d:riizn ?
breccia, oyster banks,
tuff
Metamorphic and metamorphic,
pre- carbonate rocks marine Paleozoic to
Neogene ! / / L . /
rocks marl, sand/sandstone, brackish, Oligocene
conglomerate lacustrine
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As many as 453 formation penetration points
were available from the 145 reinterpreted
borehole logs (Table 3). Despite the fact that
only 59 boreholes penetrated to the pre-Neogene
basement rock, the total length of penetrated
layers amounts to 156,436 m.

Lack of seismic sections and other data on
the structural inventory of the area meant that
the fault network could not be considered in this
model. Publications imply that displacements
along the faults affect mostly older Miocene
sedimentary rocks and are estimated to measure
a few tens of metres vertically, which is generally
much less than laterally (ZrEBniK, 1978; GOSAR,
1995). The Ljutomer Fault (Fig. 1) is one of the
most important faults in the investigated area. It
is a large active strike-slip fault in a transpressive
regime with a complex multiphase history (Mio¢
& MAaRrkovi¢, 1998; PrLAcER, 1999; MARTON et al.,
2002; Fopor et al., 2005; Pracer, 2008). The Ptuj
— Ljutomer - Budafa half-graben along it formed
the Haloze — Ljutomer - Budafa Sub-basin by
the Late Pontian. The Ptuj and Ljutomer parts
remained a sub-basin and were renamed the
Ptuj — Ljutomer Sub-basin, while the Haloze and
Budafa parts were positively inverted to the Bo¢
— Ormoz - Selnica — Lovaszi — Budafa antiform
approximately in the Pliocene. The antiform
consists of several anti- and synclines and
was pushed on the Ptuj - Ljutomer Sub-basin
(SacusenHoreEr et al., 2001; Fopor et al, 2002;
JeLEN & RireLs, 2006). The low-permeability
layers of the Haloze, Spilje and Lendava Fms.
were tilted into a subvertical position along the
western part of the fault near Ptuj, therefore they
form a lithological boundary which significantly
restricts groundwater flow from south to north
(ZrEBNik, 1975, 1978; Jeren & Rirens, 2006;
Krasine, 2013). This supports our decision to set
the south boundary of the 3D model along the
Ljutomer Fault trace. To the south-east of the

model, we also included some area south of this
fault, as the Neogene layers plunging eastward
show some folding, but are not expected to form
a hydraulic barrier for groundwater flow in the
Mura and younger Fms.

Results and Discussion
Lithostratigraphical horizons

The pre-Neogene basement map and the Earth
surface topography were used as input boundary
constraints in the model. Between those two
boundaries, eight Neogene lithostratigraphical
boundaries were modelled. Thicknesses of
formations is highly variable in space and can
locally be far greater than the average thickness,
depending largerly on the sedimentary and
paleogeographical environment, as explained in
Geological Settings.

The average thickness of modelled formations
is 381 m, varying from 201 m for the Lendava Fm.
- slope to 638 m for the Mura Fm. — delta plain
(Table 3). The Lendava Fm. slope sediments do not
exceed 650 m; while maximum thickness of the
Ptuj-Grad Fm., the Mura Fm. — delta front, and the
Lendava Fm. — turbidites vary from 952 to 1161 m
(Table 3). Areas of maximum formation thickness
do not coincide in space. For example, the Ptuj —
Grad Fm. reaches its maximum thickness at the
southern boundary of the model (in the Ptuj -
Ljutomer Sub-basin) along the Ljutomer Fault
(Fig. 5), whereas the Mura Fm. - delta front
sediments are thickest in the SE part of the model
near the SLO-HU border (Fig. 6).

The Mura Fm. — delta plain, the Spilje and the
Haloze Fms. reach maximum thickness at 1533
to 2005 m (Table 3), but since they largely consist
of low-permeability sediments this does not,
unfortunately result in favourable geopotentials.

Legend
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Fig. 7. Four sample cross-sections through the 3D regional geological model of the Mura-Zala Basin. For their position see Fig. 3,
for a legend of geological units see Fig. 8. Note that the vertical scale in sections 1-1’, 2-2’ and 3-3’is 2 x vertically exaggerated.

Arrows indicate the azimuth angle of the respective section.
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2D visualization of the model

Four arbitrary cross-sections in various
directions were made across the resulting regional
geological model (Fig. 7). In order to gain a
better spatial perspective of the entire modelled
area, the model is also displayed in the form of
a fence diagram (Fig. 8). While this visualization
is useful in recognition and differentiation of
spatial relationships in the model, it is still
unsuitable for further application. Therefore, the
3D regional geological model was transferred to
newly developed open-access GST 3D Explorer
platform, as described in the following section.

3D visualization of the model

Transnational data exchange is very difficult in
practice because it is complicated and constrained by
diverse data policies, database systems and software
solutions. In order to overcome this issue, the
regional-scale 3D geological model of the Mura-Zala
Basin has been converted for use in the 3D browser-
analysis tool for visualisation and query, called
the 3D-Explorer. This free online tool is based on a
software development technology called GST (Geo
Sciences in Space and Time) and is available through
the web portal http://www.geomol.eu/3dexplorer. The
aim of the project is to distribute open-source multi-
dimensional geo-information from different sources
as a joint and harmonised picture merged from
different national repositories (THE GroMoL TEaw,
2015). This tool interconnects the geological models
that are maintained and continuously updated by
the Geological Surveys with interested stakeholders,
who are free to explore and query the subsurface
at arbitrary depths and locations. Further technical
details and instructions for use are described in the
GeoMol project final report (Tee GEoMor Teawm, 2015,
pages 158-165 and references therein).

The 3D-Explorer requires web a browser such
as Firefox, Chrome, Opera or Safari. A public
login without any username or password provides
open access to the available 3D models. The input
data can be dynamically visualised either as a set
of stratigraphical surfaces (formation base and
top horizons), point data, or volumes. A preferred
spatial reference system with arbitrary coordinate
transformation can be chosen.Topographic maps can
be added to the visualization to facilitate orientation
in space in addition to current coordinates, which
are displayed at the cursor position. Exaggeration
of the z-scale can be set to improve one's insight
into the geometry of the 3D model (Fig. 9a). The
slice-through feature enables fast creation of model
cut-outs as a series of arbitrary vertical cross-
sections and horizontal slices (Fig. 9b). Finally, a
virtual borehole feature can generate information
on depths of modelled units below any arbitrary
point on the surface. All these visualizations can be
exported for further use.

Quality of the model and open issues
for further work

The 3D geological model is in a continuous
stage of development. It was built according
to a methodology that allows updating and
improvements each time new data is available.
The model was built with available data, hence
its quality could not be verified by information
from new/unused boreholes or cross-sections at
this stage. Therefore, we challenge all interested
parties to test and evaluate it with their own
data, and provide us with feedback on possible
improvements.

It became apparent that comparing the average
and maximum thicknesses between borehole

Legend
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Ptuj-Grad Fm.

Delta plain - Mura Fm.

Delta front - Mura Fm.

Slope - Lendava Fm.

Turbidites - Lendava Fm.

Shallow and deep
marine - Spilje Fm.
(Sarmatian)

Shallow and deep
marine - Spilje Fm.
(Badenian)

[ Shallow and
deep marine -
Haloze Fm.

| Basement rocks

Fm. - Formation

Vertical exaggeration is 3x

Fig. 8. Perpendicular fence diagram of the Mura-Zala Basin fill superimposed on the pre-Neogene basement. View from SW.
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ically calculated form various
data sources. It is subject to the usual
uncertaintes of acquisition, subject to
change without notice and shall not be
relied on as the basis for doing or
failing to do something.

logs and the model is not a straight forward
process. The boreholes were available only for the
Slovenian part of the model, but the model also
includes parts of Austria, Hungary and Croatia
(Fig. 3), which caused noticeable discrepancies
between compared values. Across the state border
the model was constructed based on data from
previous models (see Methodology), and therefore
exhibits a higher level of uncertainty compared
to the central part of the model. Another issue
arise in the Croatian territory, where the model
was built based only on data from the surface
geological maps (Mio¢ & Markovic, 1998; JELEN &
RireLy, 2011).

We verified the Slovenian part of the model by
comparing the modelled average and maximum
formation thickness to data from borehole logs
(Table 3). Discrepancies of maximum formation
thickness range from 107 % to 232 %, for Lendava
Fm. - turbidites and Haloze Fm., respectively.
Surpluses of the rest, except for the Spilje Fm.,,
are attributed to the fact that the boreholes do
not penetrate the synclinal axis of the Ptuj-Grad
Fm. in the Ptuj — Ljutomer Sub-basin (Figs. 1, 3,
5). The largest discrepancy occurs for the Haloze
Fm., penetrated only by 25 boreholes. The surplus
occurs in areas where no boreholes reach the
Haloze Fm.
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Table 3. Comparison of average and maximum formation thicknesses evaluated from borehole log information and the model, and

the number of boreholes penetrating each formation.

Difference (%)
. . No. of boreholes penetrating the Borehole log Model (model/borehole
Formation Subdivision Sy sorn log)
average | max | average | max | average | max
Ptuj - Grad / 45 367 939 312 1161 85 124
Fm.
Mura Fm. delta plain 59 552 1240 638 2005 116 162
delta front 68 262 541 273 952 104 176
Lendava Fm. slope 65 155 482 201 650 130 135
turbidites 55 412 1077 408 1150 99 107
Spilje Fm. Sarmatian 299 1820
7 485 1978 / /
Badenian 517 1533
Haloze Fm. / 25 368 733 404 1700 110 232
pre-Neogene
basement / 59 / / / / / /
rocks

Comparison of average formation thicknesses
ranges from 85 % to 130 % (Table 3). The largest
discrepancy is observed for the Ptuj-Grad Fm. and
Lendava Fm. — slope. We assume that the thicker
Lendava Fm. - slope layer probably reduced the
thickness of Ptuj-Grad Fm.

The major drawback with our model is that
it currently does not include faults. Since many
structural traps are fault-controlled, the absence
of faults is a major shortcoming, for the assessment
of oil and gas reservoirs or storage sites among
others. Unfortunately, the Ljutomer Fault could not
be introduced into the model: due to significantly
different degrees of deformation along the fault
(Fopor et al., 2002, Fig. 12), lack of quality seismic
reflection data and other information along the
fault, especially for the area south of the fault,
made it impossible to interpret the geometry
and offset of its stratigraphic horizons with a
reasonable degree of accuracy. Therefore, the
southern boundary of the model was assigned to
follow its trace. However, in areas where density of
borehole data is high enough, like in Lendava and
the surroundings, our model reveals flexures and
stair-like structures in the modelled stratigraphic
surfaces that we interpret as resulting from offsets
along the fault planes.

The quality of the modelled 3D lithostratigraphical
boundaries can be assessed as very good along the
six input cross-sections, in areas with high borehole
density and in the vicinity of boreholes with
information on formation penetration points. The
model properly describes the regional geometry in
the selected scale due to a reliable conceptual model,
which is constructed based on previous studies of this
area (see Methodology).

Several issues still remain: well-permeable
shallow marine coarse-grained clastic rocks and
limestone of the Spilje Fm., which may form
important hydrocarbon or hydrogeothermal

reservoirs, could not be better distinguished
in the model due to a lack of seismic reflection
data. The boundary between the Badenian
and Sarmatian part of the Spilje Fm. is poorly
constrained, with delineation based only on
paleontological data and six interpretative
cross-sections. The slope facies of the Lendava
Fm. is very heterogeneous, which sometimes
made it difficult to interpret its regional extent
and separate it into two units — the turbidites
and the slope. Moreover, where turbidites of the
Lendava and Spilje Fms. are in direct contact
— which is the case in deeper parts of the basin —
they are difficult to differentiate. Consequently,
the boundary between these formations is
sometimes unreliable.

The Quaternary sediments were not modelled
as a separate formation owing to two issues:
their irrelevance for the evaluation of deep
geopotentials, and because lithostratigraphical
reinterpretation is still in process. Therefore, the
current model needs to be combined with the
latest open-access surface geological map of JELEN
& RireLs (2011) in order to identify areas where
Quaternary sediments overlie the Neogene units.
The cross-sections and virtual boreholes derived
from the model must be treated with discretion in
such areas.

Usability of the model

The presented 3D regional geological model
is intended for use as a general overview of
the geological setting of NE Slovenia. The key
formations that hold out at least some perspective
for various geopotentials are delineated in the
entire area of the Slovenian part of the Mura-
Zala Basin based on the overall average rock
composition at a regional scale. Consequently, the
model should not be used for detailed local studies.
Potential users of the model are notified about
this in a disclaimer that appears when accessing



The three-dimensional regional geological model of the Mura-Zala Basin, northeastern Slovenia 151

the 3D-Explorer. Generally, the level of detail of
the provided information is not suitable for any
visualisation or query at a scale more detailed
than 1:80,000.

The model is very useful for creating virtual
boreholes and cross-sections at an arbitrary
position in space, which enables quick preliminary
testing whether a specific site of interest may have
any geopotentials. Realistic assessments of investor
expectations can be made quickly, e.g. whether
they might find thermal water or not, and at what
depth the aquifer is expected to occur. This should
indirectly result in reduced geological risk, more
feasible approaches to exploration, and lower
financial investments. Similarly, this 3D model
may serve as a source of input data for regional
hydrogeological, geothermal, hydrogeochemical,
etc. numerical models that enable the appraisal of
volumes and capacities of reservoirs, simulation
of regional groundwater flow, heat and mass flow,
and similar.

The presented model currently exhibits a 3D
layer shape. In the future, should be upgraded to a
3D solid model with assigned properties, such as
porosity and hydraulic conductivity. That way the
model will be far more usable and efficient, and
speed up the evaluation of various geopotentials.

Conclusions

The presented 3D framework regional
geological model of the Slovenian part of the
Mura-Zala Basin represents a starting point for
future developers, users and managers of our
subsurface. This is the first 3D geological model
in Slovenia that is published according to the
principles of open-access, and incorporates the
latest lithostratigraphical information about
the area. In the long-term, the model will enable
better assessment of geopotentials since better
forecasting of subsurface geological structure
facilitates faster and easier delineation of
favourable areas for the exploitation of various
commodities, like groundwater and raw materials,
or for locating waste disposal sites. Therefore,
focused and harmonized management can be
achieved when various authorities begin to use the
model to visualise 3D spatial distribution of the
main lithostratigraphic units that hold various
geopotentials.

Obtaining and interpreting the archived seismic
reflection data is a key to any significant future
improvement of the model. The incorporation
of such will enable the inclusion of faults and
individual high-permeability horizons, which will
greatly improve the model's reliability. Another
issue arises from the transboundary character
of the Mura-Zala Basin (NADor et al., 2012). The
delineated units have been harmonised as much
as possible with the Austrian and Hungarian
geologists,butasizeablegapininformationappears
along the border with Croatia. Continuation of

geological structures and geopotentials to Croatia
is undisputable (for example see Borovi¢ et al., in
print), which is why new transboundary projects
are desperately needed to harmonize the data at
the triple-state junction of Slovenia, Croatia and
Hungary.

We would like to invite all interested parties to
test the model, available at http://www.geomol.
eu/3dexplorer/, to evaluate it with their own
data, and provide us with feedback on possible
improvements.
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Abstract

The paper presents the results of a conodont study carried out in the Triassic strata in the area of the Slovenian
part of the Southern Alps, External Dinarides and the Transition region between the External and Internal Dinarides.
The following conodont zones have been distinguished: Hindeodus praeparvus Z., H. parvus Z., Isarcicella lobata Z.,
I. staeschei - I. isarcica Z., H. postparvus Z., Hadrodontina aequabilis Z., Ha. anceps Z., Eurygnathodus costatus Z.,
Neospathodus planus Z., N. robustus Z., Platyvillosus corniger Z., Pl. reqularis Z., Pachycladina obliqua Z., Foliella
gardenae Z., Triassospathodus hungaricus Z., T. symmetricus Z., N. robustispinus - T. homeri Z. and T. triangularis
Z. The introduced conodont zonation spans from the Induan, including the Permian-Triassic boundary interval to
the late Olenekian and is valid for the shallow shelf environments of western Tethys.

Izvleéek

Predstavljeni so rezultati vecletnih raziskav spodnjetriasnih plasti s konodonti na prostoru slovenskega dela
Juznih Alp, Zunanjih Dinaridov in prehodnega obmo¢ja med Zunanjimi in Notranjimi Dinaridi. V raziskanih
profilih so bile ugotovljenje naslednje konodontne cone: Hindeodus praeparvus, H. parvus, Isarcicella lobata, I.
staeschei — I. isarcica, H. postparvus, Hadrodontina aequabilis, Ha. anceps, Eurygnathodus costatus, Neospathodus
planus, N. robustus, Platyvillosus corniger, Pl. reqularis, Pachycladina obliqua, Foliella gardenae, Triassospathodus
hungaricus, T. symmetricus, N. robustispinus - T. homeri in T. triangularis. Izdvojene konodontne cone obsegajo
¢as od spodnjega induana, vkljuéno s permsko triasnim mejnim intervalom, do zgornjega olenekija. Vpeljana je

konodontna conacija za okolja plitvega Selfa zahodne Tetide.

Introduction

Conodont research in Slovenia started back in
the sixties of the last century, during the time of
elaboration of the Basic Geologic Map of Yugoslavia
1:100,000. The first analysis of conodont samples
were carried out by the Serbian paleontologist
Smiljka Panti¢ who determined the fauna from
Lower Triassic strata of the Polhograjsko hribovje
Hills (Grap & Frriancic, 1976). Despite a rapid
development of Slovenian conodontology in the
following period, Lower Triassic strata were
considered for more than two decades being poorly
perspective for conodonts. It was only in the eighties
of the last century when the fauna of the Smithian
Parachirognathus / Furnishius conodont zone was
collected in a section near Idrija (KoLAR-JURKOVSEK,
1990). In the following decades an intensive
conodont research of the lowermost Lower Triassic
succession contributed to definition of the Permian-
Triassic boundary (PTB) interval, first in Slovenia,
and then in the broader area of the Dinarides of
Croatia and Serbia (KorLar-JURKOVSEK et al. 2011c,
2012; ALyNnovi¢ et al., 2014; SuDAR, 2007).

After the Permian-Triassic catastrophe, as
often named the greatest mass extinction, the
global biosphere was greatly impoverished and
needed some time to be able to recover to the
previous diversity, as at the end of the Permian
70 % of genera of terrestrial vertebrates and
85 to 96 % of marine invertebrate species that
lived at the end of the Paleozoic became extinct
(BEnTON, 2005). The first pulse of extinction was
already between the Middle and Upper Permian,
at about 260 million years ago and the second
between the Permian and Triassic, at about 252
million years ago. For the second - the main pulse
between the Permian and Triassic a pronounced
increase in volcanic activity was especially
fatal. In the PTB interval sedimentary rocks is
documented a sudden drop in 6C* that is today
by researchers mostly linked with the release of
frozen gas hydrates on the seafloor (BErRNER, 2002).
The climate changes caused a change in ocean
currents and change of the pH of sea water that
greatly increased aridity in the supercontinent
inland. Some studies indicate long-term global
deep anoxic event in the PTB interval. The
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PALEO-TETHYS
OCEAN

PANTHALASSIC OCEAN

Fig. 1. Paleogeographic ske-
tch of Earth in the Early
Triassic. Star indicates the
location of Early Triassic
beds in Slovenia (modified
from Scortesg, 2001).

Panthalassa Ocean became fully stratified for
almost 20 million years. Beginning, peak and the
end of the oceanic stratification corresponds to
the global biotic events from the decline in the
number of species at the end of the Guadalupian,
and extinction at the end of the Permian to the full
recovery of life during the Anisian (Isozaxki, 1997,
2009). Due to coincidence of timing of different
triggers of the Permian-Triassic extinction, the
biodiversity in the Mesozoic was significantly
reduced for entire 25 million years.

In general, the Triassic Earth's crust was
relatively stable until the Late Triassic, when
disintegration was intensified caused by
continental rifting. The Tethys Ocean, which has
already begun to develop in the Permian south of
the Paleotethys or south of the lands of Cimmeria,
started to incise increasingly to the west during
the Triassic and later already in the Jurassic it
divided the Pangea into two halves, on Gondwana
and Laurasia.

Review of conodont research in Lower Triassic
strata in Slovenia

General geological setting

Slovenia is situated in the area of four major
geotectonic units: the Dinarides, the Southern Alps,
the Eastern Alps and the Pannonian Basin. Today's
geological image of Slovenia is largely result of the
collision of the Adriatic and European plates and
accompanying tectonic processes, which persist
even today. Paleozoic and Mesozoic structures are
thus largely deformed, blurred or covered with
sediments of the Pannonian Basin. All tectonic units
of the Slovenian territory belong to the Adriatic
lithosphere plate, which was originally connected
to the African plate, and from the Mesozoic era
onwards existed as a separate plate.

Paleozoic rocks of today's Slovenia were
formed in the northern part of the former
southern supercontinent Gondwana, mainly on its
epicontinental shelf. More clearly their origin is

Fig. 2. Sketch of macrotectonic subdivision of the border region between the Southern Alps and External Dinarides in Slovenia
showing Early Triassic sections with conodonts (modified and supplemented after Pracer, 2008).

A — Eastern Alps: 1 — in general, 2 — Pluton of tonalite/granodiorite (Pohorje) and Periadriatic intrusive; B — Southern Alps: 3 —in
general, 4 — Paleozoic, 5 — Slovenian Basin sediments; C — External Dinarides: 6 — in general, 7 — Paleozoic, 8 — Trnovo nappe, 9 —
Paleozoic; D — Transition area between External and Internal Dinarides: 10 — in general; 11 — Faults: PAL — Periadriatic lineament,
IDF - Idrija fault, RVF — Ravne and Sovodenj fault, SAF — Sava fault, MRF — Marija Reka fault; 12 — thrust and overthrust faults in
Southern Alps; 13 — thrust and overthrust faults in Dinarides; 14 — tectonic slice; 15 — Induan conodonts; 16 — Olenekian conodonts.

Note: Tertiary and Quaternary, mainly molasse sediments of the Pannonian Basin, are not shown on the map.

Sections:

1 - Lukaé near Ziri, Javorjev Dol

2 — Masore, Idrijeca

3 -Vojsko

4 — Zelin —Vrlejca

5 — Ziri surroundings

6 — Golob, Krko¢ near Spodnja Idrija
7 —Tehovec near Medvode

8 — Horjul surroundings

9 — Sentjost, Samotorca, Prevalc

10 - Iska

11 - Draga near Ig, Skopaé¢nik near Zelimlje

12 — Bor$tnik near Turjak

13 — Cetez near Turjak

14 — Trojane

15 — Grmace near Smartno

16 — Leskovica, Bogensperk - Temnica
17 — Misnica near Jurkloster

18 — Mokrice

19 — Studorski preval — Julian Alps
20 — Spica v sedlcih — Julian Alps
21 - Trziska Bistrica

22 - Sol¢ava surroundings



157

Conodont zonation of Lower Triassic strata in Slovenia

@9l
st
Ty
~V Vgl

¥ gl

Z/K
i
/-
[J°
B
e [ *
ik
— Kk
e

o)

unj 0s

0 vVilvo\Qdod

1Syl
©)\31s3nL

A

A1V 1




158

Tea KOLAR-JURKOVSEK & Bogdan JURKOVSEK

recognized in the late Paleozoic, when most of the
Earth'sland masses were united in a supercontinent
Pangea.From the east the Paleotethys Ocean incised
in it, and at its southern end, however, the Tethys
Ocean began to open (Fig. 1). Then an intensive
intraoceanic carbonate platform gradually began
to form in an autonomous Adriatic lithosphere
plate. During the Permian and Lower Triassic
there was still a unified sedimentation area, and
its smaller part in Slovenia is called the Slovenian
Carbonate Platform (Buser, 1989). During the
Anisian and Ladinian the Slovenian Carbonate
Platform began to disintegrate as a result of
extensional tectonics on the edge of Eurasia, where
the Meliata Ocean began to originate (Vrabec
et al,, 2009). All the activities were accompanied
by strong volcanism. Until that time a uniform
Slovenian Carbonate Platform disintegrated in the
Adriatic-Dinaric Carbonate Platform in the south,
and the Julian Carbonate Platform in the north,
with an intermediate Slovenian Basin (BUSER,
1989; Buskr et al., 2007, 2008).

In today's geotectonic structure of Slovenia
(PracEr, 1999; Porjak, 2000) to the Southern Alps
belong the sedimentary rocks that built large part
of the Southern Karavanke, Julian Alps and the
Kamnik-Savinja Alps. To the Transitional area
between the External and Internal Dinarides belongs
the area which extends from central Slovenia across
the Sava Folds to the east and south-east to the
Dolenjska and Gorjanci regions and continue further
to Croatia. To the External Dinarides corresponds a
greater part of southern and south-western Slovenia.
To the Eastern Alps in Slovenia is ranked a territory
of the Northern Karavanke situated north of the
Periadriatic Lineament (Fig. 2).

Overview of the Early Triassic sections with
conodonts

Lower Triassic marine sedimentary rocks in the
area of the Southern and Eastern Alps, the External
Dinarides and the Transitional area between the
External and Internal Dinarides were sampled for
conodont research.In all units thelithostratigraphic
development of the Lower Triassic strata is more or
less similar. Their lowest part containing conodonts
of the PTB_interval gave positive results only in
the Idrija-Ziri area belonging to the External
Dinarides. In the other units Olenekian conodonts
were identified, whereas the conodont research of
Lower Triassic strata in the Slovenian part of the
Eastern Alps were negative.

Base of the Lower Triassic strata in all these
geotectonic units is formed of limestone and
dolomite of the Bellerophon Formation as a result
of general marine transgression in a shallow
shelf of west Paleotethys in the Late Pemian. For
convenience, it is necessary to clarify the names
of the Late Permian lithostratigraphic units, that
were used in Slovenia. The first is the Karavanke
Formation of the Southern Alps (Buser et al,
1989), which is represented mainly by dolomite

development, and in its upper part there occur
limestone and dolomite with characteristic Late
Permian fossil association of the Bellerophon
Formation (SkasernE et al., 2009). The second is
the ZaZzar Formation of the External Dinarides,
which was named by Ramovs (1958 a, b) and he
distinguished twelve limestone levels with a
brachiopod fauna of the Caucasus-Indoarmenian
type. The name of the Zazar Formation was later
taken up by some researchers (GRap & FERJANCIC,
1976; Buser et al, 1989; Dorenec et al, 2004;
MrakaRr & CAR, 2009), although it is the lithological
and biostratigraphic equivalent of the Bellerophon
Formation of the Carnic Alps and the Dolomites in
Austria and Italy (FaraBeGgorLI et al., 1986; HoLsER
& ScHONLAUB, 1991).

Following a decision of the International
Commission of the IUGS (Yv et al.,2001) to define
the PTB based on the first appearance datum
(FAD) of a globally spread conodont species
Hindeodus parvus (Kozur & PijaTakova), there was
also in Slovenia greatly increased interest to study
the PTB interval. Researchers were particularly
interested in the Idrija Ziri area in the western
Alpine foothills. The geological structure of the
area is relatively well known due to elaboration of
the Basic Geological Map SFRY 1: 100,000, sheet
Tolmin and Udine (Buskr, 1986, 1987) and also
due to extensive geological research of the Idrija
mercury mine area (MrLakAr, 1969; Pracer, 1973,
1981; MLAKAR & CAR, 2009; CAr,2010). In sectionsin
which the PTB is located entirely in the dolomite-
evaporite strata, paleontological research did not
reveal any results. However, in the sections in a
limestone development, the boundary was often
placed on the upper lithological boundary of the
Bellerophon Formation (Grap & OgcoreLEc, 1980;
Buser et al,, 1989; MLAKAR & PLACER, 2000; MLAKAR
& CaR, 2009; Cag, 2010). There are two particularly
interesting well-exposed sections in the limestone
development near Idrija town (Masore and Idrijca
sections), in which the PTB was defined on the
basis of geochemical - isotopic studies (DoLENEC &
Rawmovs, 1998; DoLeENEC & OGORELEC, 2001; DOLENEC
et al., 1999 a, 1999 b, 2001, 2004). The goal of an
ongoing study of the two sections is to define the
PTB based on biostratigraphic evidence.

In the Luka¢ section near Ziri in the External
Dinarides, the PTB was for the first time defined
in Slovenia according to an international criterion
based on the finding of the conodont species H.
parvus (KoLAR-JURKOVSEK & JURKOVSEK, 2007). The
section is similar to most other studied Permian-
Lower Triassic sections in the Idrija-Ziri area of
the Trnovo nappe, which is the highest thrust unit
of the External Dinarides in this area.The obtained
conodont faunas of the Lukaé¢ section enabled
very fine biozonation due to rapid evolution of
the genera Hindeodus and Isarcicella and for this
reason the Lukaé section represents a key section
to define PTB interval strata in Slovenia that is
taken also as a standard for conodont zonation for
the whole Dinaric area (KoLAR-JURKOVSEK et al.,
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2011a,2011b,2012).The Late Permian Bellerophon
Formation is divided into two members, the
lower Bellerophon Limestone and the Evaporite-
dolomite Member of the rauchwacke type at the
top of the formation (KorLar-JURKOVSEK et al.,
2011 b). On the dolomite there concordantly rest
The transitional Beds of the Luka¢ Formation. A
3.3 m thick, shallow-water transitional interval
consists of laminated mudstone, laminated
micrite/biomicritne limestone and grainstone
with parallel and cross-lamination. From the
Transitional Beds a new species of foraminiferal
species Lingulonodosaria slovenica Nestell et al.
has been described (NESTELL et al., 2011).

Above the Transitional Beds concordantly rest
a 30 m of the Lower Triassic Streaky Limestone,
which is composed of very thin strata of bioclastic
limestone with minor siliciclastic component.
Darker intermediate laminae give a »streaky«
appearance to the limestone (MraKAR,2002; KoLAR-
JURKOVSEK & JURKOVSEK, 2007), consisting mainly
siliciclastic-clayey material that was reworked by
organisms. Wavy and hummocky structure of the
Streaky Limestone indicates a shallow subtidal
environment with oscillations and storms.

In the upper part of the Luka¢ Formation than
follows a 80 m strata of the Carbonate-clastic
Member consisting of ooid grainstone, laminated
silty micrite/biomicrite and calcareous siltstone.
Deposition of the calcareous siltstone implies
intensive terrigenous input in a very shallow
depositional environment.

In the Luka¢ section six conodont zones have
been identified, which can be well compared with
biozonation of different sections in the Southern
Alps, Meishan in China and some other sections
in the world (KoLar-JURKOVSEK et al., 2011 a). The
upper Changhsingian (Late Permian) Hindeodus
praeparvus Zone and the Induan (Early Triassic) H.
parvus, lsarcicella lobata, I. staeschei — 1. isarcica,
H. postparvus and Hadrodontina anceps Zones
have been distinguished. The first appearance
datum of the species Hindeodus parvus in the
Transitional Beds indicates systemic boundary
between the Permian and Triassic (KoLaAr-
JURKOVSEK et al., 2006, 2011a, b).

Late Permian-Early Triassic succession of the
Lukac¢ section continues to the northwest and in
a similar form it is exposed in a road cut of the
Javorjev Dol area. GrRap and OcoreLEC (1980) set
the the PTB in a dolomite, which corresponds to the
Evaporite-dolomite Member of the Bellerophon
Formation. Conodont fauna collected in the
limestone of the Bellerophon Formation below
the dolomite yields H. praeparvus Kozur and H.
latidentatus (Kozur, Mostler & Rahimi-Yazd).
However, the actual boundary with the Lower
Triassic strata that outcrop along the road about
30 m in a direction to Sovodenj is covered and
tectonized. In the Lower Triassic oolitic limestone
strata I. isarcica (Huckriede) was collected.

In the Idrija-Ziri area three sections with the
PTB are currently studied: the Masore, Idrijca and
Vojsko sections. Conodont faunas were recovered
from all three sections.

In the Masore section the limestone of the
Bellerophon Formation attains a thickness of about
250 m. Its upper part is characterized by the fauna
of the H. praeparvus Zone that has relatively wide
range. The Bellerophon Limestone passes then
through thin bedded, predominately microbialite
limestone with stylolites into the Lower Triassic
bedded limestone containing typical Induan
conodont association with I. isarcica.

The same strata of the Permian-Triassic
boundary as in the Masore section, occur 2 km
laterally in the valley of the river Idrijca. There is
visible only the highest part of the limestone of the
Bellerophon Formation and the lowest microbialite
part of the Lower Triassic strata (KoLAR-JURKOVSEK
et al. 2015a; ArLymovic et al. 2015). Also here were
identified conodonts of the H. praeparvus Zone
in the highest part of the Permian portion of the
section, and the I. isarcica - I. staeschei Zone in
the Lower Triassic microbialite part of the section.

The Vojsko section is situated on the eastern
slope of the Vojsko plateau at an altitude of 770
m. According to Pracer (1981) it belongs to the
Kanomlja thrust slice, which lies directly below
the Trnovo nappe, and the rocks are in the inverse
position. Unlike the Masore section, where over 250
m thick succession of the Bellerophon Formation
is exposed, in the section Vojsko only around 30 m
of thickness is visible (MLAKAR & CaR, 2009; CAR,
2010). In the highest part of the formation, about 2
m below the lithological boundary with light gray
stromatolitic dolomite, there occur very rare and
small sponge buildups (Sremac et al., submitted).
The conodont fauna of this part is assigned to the
H. praeparvus Zone.

Above the Bellerophon Formation lies medium
gray thin bedded stromatolitic dolomite with
clear lamination and stylolites that passes up to
the medium bedded and slightly recrystallized
dolomite and dolomitized limestone in which
a conodont fauna of the I. staeschei - I. isarcica
Zone was found. In the stratigraphically younger
parts an increased content of limestone and clastic
components is observed, initially in the form of
olive green marl, then reddish brown calcarenite,
siltstone and shale with lenses of oolitic limestone,
followed by more than 100 m grained dolomite.
The Lower Triassic sequence is ended by bedded
dark gray limestone containing marl sheets, above
which concordantly lies Anisian dolomite (Cag,
2010).

In addition to the study in a context of the
previously described sections Luka¢, Masore,
Idrijca and Vojsko that include the PTB interval,
interesting results of conodont study were
obtained also in some other Lower Triassic
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sections in the Idrija- Ziri area. It should be
noted that the names of most Lower Triassic
lithostratigraphic units in the External Dinarides
have been traditionally based on the subdivision
in the Dolomites and the Northern Calcareous
Alps. Therefore also Slovenian geologists often
divided the so-called Werfen Formation into
lower »Seis Beds« (Seiser Schichten) and the
upper »Campil Beds« (Campiler Schichten).
Biostratigraphy of Lower Triassic strata was
based mainly on macrofossills: ammonites,
bivalves and gastropods, rarely on foraminifers,
but conodont study was implemented only in
a recent two decades. Precise litho-, bio- and
chemostratigraphic study have demonstrated the
lateral and vertical differences and similarities in
litho- and biofacies of adjacent areas. Therefore,
the »Seis« and »Campil« beds in the Slovenian
part of the External Dinarides can no longer be
regarded as chronostratigraphic equivalent of the
facies of the Southern Alps (ArLyNovic¢ et al., 2013
a, b). Distribution of Lower Triassic sediments
in the External Dinarides clearly demonstrates
temporal and lateral change of carbonate and
siliciclastic sediments depending on various
transgression-regression cycles on the extensive
epeiric carbonate platform of west Tethys.
Despite lithological variations between different
Lower Triassic sedimentary areas in the External
Dinarides in almost all sections their threefold
division can be recognized into: the oldest part
consisting of carbonates, the middle siliciclastic
or mixed siliciclastic-carbonate part, and the
third or the highest carbonate part (Buser 1969,
1974a; ALiNovic et al., 2013a, b).

Already the first conodont study of the Lower
Triassic strata of the Idrija-Ziri area in the nineties of
the last century demonstrated that the greater part of
the reddish »Seis« shales, siltstones and sandstones
that contain also layers of oolitic limestone are not
of the Induan but Olenekian in age. In the Zelin-
Vrlejca section a characteristic Smithian fauna with
the following taxa: Furnishius triserratus Clark,
Hadrodontina sp., Pachycladina obliqua Staesche
and Parachirognathus ethingtoni Clark was
documented and ranged to the Parachirognathus/
Furnishius Zone (KoLAR-JURKOVSEK, 1990).

The greater part of the Lower Triassic
represented an extended recovery event following
the Permian-Triassic mass extinction, as well as
being marked by three minor crises (StanLEY, 2009),
which were reflected particularly in ammonites
and conodonts during the late Griesbachian,
late Smithian and late Spathian. The Smithian-
Spathian boundary is indicated by a global
warming (GALFETTI et al., 2007; Sun et al., 2012),
which is also indicated by a positive shift of $"*C__
(RicuHOZ, 2006) as well as conodont size reduction
(CHEN et al,, 2013).

A systematic sampling of five Lower Triassic
sections in the Idrija-Ziri area of the Trnovo nappe
has yielded the best Early Triassic conodont sequence

in central and southern Europe. The recovered
conodont faunas enabled us to distinguish nine
conodont biozones spaning from the late Induan
(Dienerian) to the Olenekian (Spathian) (CHEN et
al,, 2015 a). In the five studied sections following
conodont zones were determined: Eurygnathodus
costatus Z., Eurygnathodus hamadai Z.,
Foliella gardenae-Pachycladina obliqua A.Z.,
Neospathodus robustus Z., Platyvillosus corniger
Z., Platyvillosus regularis Z., Triassospathodus
hungaricus Z., Triassospathodus symmetricus
Z., and Neospathodus robustispinus Zones.
The succession of the Lower Triassic zones is of
particular value for stratigraphic correlation in
central and southern Europe and it enables better
correlation studies between the western and
middle-eastern Tethys.

The sections in vicinity of Spodnja Idrija
and Ziri could be regarding their position above
the »Seis« beds traditionally compared with
the »Campil« beds of the Dolomites, that in the
highest part often contain Olenekian fauna
with the ammonites of the genera Tirolites and
Dinarites, gastropods Natiria and Turbo and
foraminifera Meandrospira pusilla (Ho). Since the
development of Olenekian strata of the Ziri area
significantly differs from the typical Campil Beds,
the local beds are ranged to the new informal
lithostratigraphical unit, the “Ziri Beds”

In the western part of the Alpine foothills the
conodont study was directed to the Polhograjsko
hribovje hills, which are situated west of
Ljubljana between the Ljubljana moor in the
south, Podlips¢ica to the west and to the north
it is separated from the Skofja Loka hills by the
Poljanska Sora River. All studies from different
sections and outcrops have confirmed only the
Olenekian age, whereas Induan strata have not
been identified in this area.

In the Tehovec section, southwest of Medvode,
a slightly marly biomicrite limestone lies on a
thick bedded dark gray dolomite and with thin
marlstone intercalations. In several beds also
oolites are encountered. Among fossil molluscs
there are represented Natiria costata (Miinster) and
Costatoria costata (Zenker) as well as rare badly
preserved ammonites. Among the microfossils in
the greater part of a 47 m section foraminifera M.
pusilla occurs and the conodonts are represented
by typical Lower Triassic shallow water elements
P, obliqua and genera Hadrodontina and Ellisonia
(JurkovsEk et al, 1999). Similar Lower Triassic
successions are known from many other localities
in the Polhograjsko hribovje Hills (Grap &
OcGoreLECc, 1980; Ramovs, 1958b). These strata
produced conodonts in the Horjul surroundings
(Koreno, Samotorca, Prevalc and Sentjost).

In the External Dinarides, Lower Triassic
strata with conodonts were also found in several
places of Notranjska and Dolenjska regions.
Detail investigations have been done in the
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sections on the southern and eastern outskirts of
the Krimsko-mokrsko hribovje hills. Buser (1969,
1974) roughly divided Early Triassic strata into
three superposition packages. Below is bedded
gray dolomite with claystone and siltstone
intercallations, in the middle part is reddish
shale and sandstone with intercalations of oolitic
limestone, and in the upper part there is light gray
dolomite with marl beds. In all sections conodonts
were recovered only from the samples of the
middle superposition package. The carbonate
beds (sparitic limestone, calcarenite and oolite
limestone), which are deposited between the
reddish claystones, siltstones and fine grained
sandstone in the ISka River gorge yield conodonts
Ellisonia sp., Foliella gardenae (Staesche)
Hadrodontina sp., P obliqua and P ethingtoni.
The fauna is dominated by the elements of
the conodont apparatus P obliqua at different
ontogenetic stages (Kolar-Jurkovsek & Jurkovsek,
1996). Similar conodont fauna was also found in
Lower Triassic strata at Draga near Ig (KorLar-
JURKOVSEK & JURKOVSEK, 1996), Cetez near Turjak
and Borstnik. The recovered conodont elements of
these localities are comparable with the obtained
Smithian faunas from the Zelin-Vrlejca sections
of the Idrija-Ziri area and near Trzi¢ (KoLaAr-
JURKOVSEK, 1990, KOLAR-JURKOVSEK & JURKOVSEK,
1995). From the middle superposition package of
a variegated clastites containing oolitic limestone
beds at Skopacénik near Zelimlje (DozeT & KoLARr-
JURKOVSEK, 2007) a Smithian species F. gardenae
and P. obliqua are determined, whereas in the
overlying dolomite strata which correspond to
the upper carbonate superposition package the
Spathian elements T. homeri (Bender) and T. ex gr.
triangularis (Bender) were determined.

Similar lithological developments of
Lower Triassic strata with conodonts as in the
External Dinarides are also represented in the
Transitional area between the External and
Internal Dinarides, which extend from central
Slovenia to the east on the territory of Croatia.
The greater part of the Transitional area belongs
to the Sava Folds, where in all of the investigated
Lower Triassic strata conodonts were collected
only in the middle mixed siliciclastic-carbonate
part, which includes also oolitic limestone beds.
Northwest of Trojane in the limestone between the
reddish and olive grey clastites conodont species
Hadrodontina anceps Staesche and P obliqua
have been found, in the Grmace section south of
Litija P obliqua, at Leskovica south of Bogensperk
and along the road between BogenSperk and
Temnica P. obliqua and F. gardenae. In the eastern
Kozjansko region in the valley MiSnica north of
Jurkloster the species P obliqua was collected.
All reported conodont elements indicate to a
Smithian age of the sampled strata. A poorly
preserved Early Triassic conodonts of the genera
Hadrodontina and Pachycladina and some other
non-identifiable fragments yield also some other
test samples from the Sava Folds (Dobovica south
of Podkum, Cebine north of Zagorje, etc.).

To the Transition region between the External
and Internal Dinarides belongs also the Dolinski
potok near Mokrice, which is located in the
easternmost part of the Gorjanci - Zumberak Mt.
near the Slovenian-Croatian border and it includes
sedimentary rocks of the Smithian-Spathian
interval (Kolar-Jurkovsek et al., submitted). The
investigated part of the section is dominated by
a thin bedded limestone with marl intercalations.
Two limestone lithothypes are mainly represented:
biomicrite/packstone and micritic limestone
(mudstone). The following conodont zones
have been distinguished: Ha. aequabilis Zone,
Platyvillosus corniger Zone, Pl. regularis Zone
and Triassospathodus hungaricus Zone. The same
conodont zones were also discriminated in Lower
Triassic sections of the Idrija-Ziri area (KoLAr-
JURKOVSEK et al., 2015b; CHEN et al., 2015 a) and
they are particularly relevant for correlation of the
equvalent strata of the adjacent as well as broader
areas with significant sections of Asia and North
America. The conodont material from this section
has enabled the reconstruction of two conodont
multielements: T. hungaricus (Kozur & Mostler)
and Pl. regularis (Budurov & Pantic).

The conodont research in the Lower Triassic
of the Slovenian part of the Southern Alps was
carried out in the eastern part of the Julian Alps,
the Southern Karavanke and Kamnik-Savinja
Alps. For the Julian Alps, which comprise a large
part of north-western Slovenia, is characterized
by an overthrust structure. The largest is the
Julian nappe (Pracer, 2008) or the Julian Alps
overthrust (Jurkovsexk, 1987 a, b) which is formed
of strata ranging from the Lower Triassic through
the Cretaceous; its greater part is presented by the
Upper Triassic shallow marine carbonates. Lower
Triassic strata most frequently occur in discrete
narrow bands or within smaller tectonic slices.
Their footwall in this part of the Julian Alps is not
visible, and in some places they are concordantly
overlain by Anisian carbonate rocks.

At Studorski preval (Studor Pass), situated 4.5
km southeast of the peak of Mount Triglav (2864
m), the Lower Triassic strata are predominantly
tectonized. In a tectonically undisturbed parts of the
section microfacially two basic types occur: coarse
tempestite sediment (microfacies A) and laminated
or bioturbated calcareous mudstone and / or marl
(microfacies B), pointing to a more distal parts of
the ramp with storm influence. A similar formation
also applies to the depositional environment of the
Werfen Formation of the Southern Alps (BRANDNER
et al,, 2012). The Lower Triassic strata of Studorski
preval are characterized by common gastropods
Natiria costata, bivalves of the genera Bakevellia,
Avichlamys and Eumorphotis, foraminifer fauna
with the genera Ammodiscus, Hoyenella and
Glomospirellacorresponding the global » Glomospira-
Glomospirella« foraminifer association. Ammonites
in the microfacies B show that a connection to
the open sea was unimpeded. The conodont fauna
with T. hungaricus is typical of the lower Spathian
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(KoLAR-JURKOVSEK et al., 2013). From Lower Triassic
strata of the Studorski preval the first discovery of
a fossil amphibian in Slovenia (Temnospondyl) was
found, which most probably belongs to the group
Capitosauridae (Lucas et al., 2008).

Similar Lower Triassic strata with gastropods
Natiria costata, bivalves and very rare ammonites
are tectonically squeezed in the area of Spica v
Sedlcih located about 2 km northeast of the Vrsi¢
pass (JURKOVSEK, 1987 a, b). In the limestone that
corresponds to the microfacies B of Studorski
preval some unidentifiable fragments of conodonts
were found.

In a wider area of the Southern Karavanke on
the dolomite of the Late Permian Bellerophon
Formation there rest Lower Triassic strata that
pass upward to the Anisian dolomite (BUskgr, 1980;
Buser & Casgen, 1978). Lower Triassic strata in
the valley Trziska Bistrica near Trzi¢ belong to the
South Karavanke overthrust that is in the south
limited with the Sava fault, and in the north by the
Kosuta overthrust of the Southern Karavanke. The
lower and upper boundaries of the investigated
sequences are not exposed, but the strata can
be roughly divided into two parts (DorLEnEC et
al, 1981). For the lower part of the sequence are
characterized numerous strata and lenses of
reddish oolitic limestone that are interbedded with
the shale sheets and limestone beds with detritic
admixture. In the upper part there is interbedded
darker limestone, sandstone, marlstone and
dolomite. A total thickness of the Lower Triassic
strata in the section is about 200 m, of which the
two parts of the section of approximately the same
thickness. Conodonts were collected in the oolitic
and sparitic limestone of the lower part of the
section (KoLAR-JURKOVSEK & JURKOVSEK, 1995). The
recovered conodonts F. gardenae, Ha. anceps, P.
obliqua and Pa. ethingtoni suggest a Smithian age.

Lower Triassic strata of the South Karavanke
overthrust built a great part of the Kamnik-Savinja
Alps in the upper part of Savinja valley. In the area
between the Logarska dolina, Solc¢ava, Robanov
kot and the northern slopes of Raduha these strata
attain thickness up to 1000 m (Mioc¢, 1983; Mio¢ &
ZNIDARCIC, 1983; Crrarc, 2002, 2004; ZALOHAR &
CeLARc, 2010), but due to folding their thickness
is only apparant. In the lowest part of the Lower
Triassic strata there rests dolomite, which passes
upwards into a carbonate-clastic succession of
marlstone, siltstones, sandstone and marly limestone.
Preliminary sampling of the limestones in the
upper part of the stratigraphic sequences at several
localities confirmed the presence of the Smithian
conodont taxa P, obliqua and Parachirognathus sp.,
and the Spathian species T. hungaricus.

Conodont zonation
Altogether seventeen conodont zones can be

distinguished in Lower Triassic strata of Slovenia
(Fig. 3, 4). In this section these zones are described

in ascending order, and in the beginning also a
description of the latest Permian conodont Zone is
added.

Hindeodus praeparvus Zone
(latest Changhsingian)

Lower limit: defined by the first occurrence
(FO) of Hindeodus praeparvus Kozur. Upper limit:
first appearance datum (FAD) of H. parvus (Kozur
& Pjatakova). Associated taxa: H. typicalis Sweet,
H. latidentatus (Kozur, Mostler & Rahimi-Yazd),
Hindeodus sp., and H. cf. pisai Perri & Farabegoli.

Occurrence: Lukacé (the upper part of the latest
Permian Bellerophon Limestone Member of the
Bellerophon Formation through the lowermost
Transitional Beds - latest Permian); Javorjev
Dol, Masore, Idrijca, Vojsko (latest Permian;
Bellerophon Formation).

Remarks. In the Masore section the elements
of H. praeparvus and H. latidentatus co-occur in
the uppermost part of the Bellerophon Formation.
Both taxa range also in the lowermost Triassic and
based on their occurrence in absence of H. parvus
these strata are attributed to the H. praeparvus
Zone (Late Permian, latest Changhsingian). H.
praeparvus was reported to range in the lowermost
Triassic in the Dolomites (PErrr & FARABEGOLI,
2003). Very rare elements of Isarcicella with a
widely opened and thickened basal cavity are also
present, of which some specimens are designated
to Isarcicella cf. prisca Kozur, in the uppermost
strata of the Bellerophon Formation. According to
Perri (Perr1 & FarBEGOLL 2003) the genus Isarcicella
made its first appearance in the latest Permian and
is marker to distinguish the Upper from the Lower
H. praeparvus Zone in the Southern Alps. Thus the
presence of isarcicellids in the upper part of the H.
praeparvus Zone in the Masore section enables to
divide this zone in the lower and upper part.

Hindeodus parvus Zone

Lower limit: first appearance datum of H.
parvus. Upper limit: first appearance datum of
Isarcicella lobata Perri & Farabegoli. Associated
taxa: H. cf. pisai and Hindeodus sp.

Occurrence: Lukac¢ (earliest Griesbachian;
Transitional Bedsofthe Luka¢ Formation). Remarks:
H. parvus first appearance datum is documented in
the L1 sample of the Transitional Beds of the Lukac
Formation, and its last appearance datum is in the
I staeschei — I. isarcica Zone (Streaky Limestone
Member of the Luka¢ Formation). This conodont
zone is characterized by scarce fauna of exclusive
representation of hindeodids.

Isarcicella lobata Zone

Lower limit: first appearance datum of I. lobata
Perri & Farabegoli. Upper limit: first appearance
datum of I. staeschei Dai & Zhang and I. isarcica
(Huckriede). Associated taxa: transitional form
H. praeparvus / H. parvus, H. cf. pisai, H. cf.
eurypyge Nicoll et al, H. parvus, H. erectus
Kozur, H. postparvus (Kozur), Hindeodus sp., L.
turgida (Kozur et al.), I. lobata, I. inflata Perri &
Farabegoli, and Isarcicella sp.
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Occurence: Luka¢ (early Griesbachian;
Transitional Beds of the Luka¢ Formation).

Remarks: I. lobata first appears in the
Transitional Beds of the Luka¢ Formation. This
zone is marked by the entry of several other taxa
and it represents a recovery event. The entire
stratigraphic range of the species H. erectus lies
within this zone. Three other taxa (H. postparvus,
I. turgida, I. inflata) have their entry (FAD) in this
zone, whereas H. cf. eurypyge appears only in this
Zone.

Isarcicella staeschei —-Isarcicella isarcica Zone

Lower limit: first appearance datum of two
isarcicellid taxa, I. staeschei and I. isarcica.
Upper limit: last appearance datum of two
isarcicellid taxa, I. staeschei and I. isarcica and
the first appearance of Hadrodontina sp. (Ha.
ex gr. aequabilis). Associated taxa: H. parvus, H.
postparvus, Hindeodus sp., I. turgida, I. lobata, I.
inflata, and Isarcicella sp.

Occurrence: Lukaé¢ (Streaky Limestone
Member of the Luka¢ Formation); Javorjev Dol,
Masore, Idrijca, Vojsko (“Werfen Formation”);
Griesbachian.

Remarks: This zone is marked by the entire
stratigraphic range and co-occurrence of I
staescheiand I.isarcica. Five taxa (H. postparvus, I.
turgida, I. lobata, I. inflata, and Isarcicella sp.) that
appeared already in the previous zone continue
with their presence in this zone. All associated
taxa have the LAD within this zone, except H.
postparvus. For the presence of numerous taxa
the fauna of this zone is still part of the recovery
event.

In the Lukaé¢ section the LAD of I. staeschei
and I. isarcica coincides with the first occurrence
of the genus Hadrodontina of which some
elements can be identified as Ha. ex gr. aequabilis.
In the Dolomites a successive appearance of some
isarcicellid taxa is documented, i.e. I. lobata - I.
staeschei — I. isarcica and moreover, the species
Ha. aequabilis has a synchronous entry together
with I. staesches.

Hindeodus postparvus Zone

Lower limit: first appearance datum of H.
postparvus (Kozur) without the presence of
I. isarcica and I. staeschei. Upper limit: last
appearance datum of H. postparvus. Associated
taxa: Hadrodontina sp., Ellisoniidae.

Occurrence: Luka¢ (latest Griesbachian;
uppermost Streaky Limestone Member through
the lowermost Carbonate-clastic Member of the
Luka¢ section).

Remarks: This conodont zone in the Lukaé
section is marked by the highest portion of the
stratigraphic range of H. postparvus without
the presence of I. isarcica and I. staeschei. The
discriminated H. postparvus Zone in the Lukac
section is partly correlated with the H. postparvus
— H. sosioensis Zone (Kozur, 2003).

Hadrodontina aequabilis Zone

Lower limit: the first occurrence of
Hadrodontina aequabilis Staesche. Upper limit:
the first appearance datum of Ha. anceps Staesche.
Associated taxa: Hadrodontina sp., Ellisoniidae.

Occurrence: Mokrice (late Griesbachian;
“Werfen Formation”).

Remarks: Ha. aequabilis was first described
from the Dolomites (Stakscue, 1964) and its
multielement reconstruction was provided by
Perr1 (1991). In the Mokrice section the Ha.
aequabilis Zone has been distinguished where
the marker taxon is present as a single species
(KoLAarR-JURKOVSEK et al., submitted). In the
Dolomites, the I. isarcica Zone is succeeded by
the succession of the zones based on euryhaline
shallow water species: Ha. aequabilis Zone (latest
Griesbachian - Dienerian), Ha. anceps Zone and
P, obliqua Zone (Perr1, 1991; FarBEGoLl & PERRI,
2012).

Based on comparison with the Dolomites
and regarding long range of Ha. aequabilis it is
reasonable to conclude that the stratigraphicrange
of H. postparvus overlaps with the lower portion
of the stratigraphic range of Ha. aequabilis. The
later species has been reported also from Japan
(Ico, 1996) and South Primorye in Russian Far
East (BonpaRENKO et al., 2015).

Hadrodontina anceps Zone

Lower limit: first occurrence of Ha. anceps
Staesche. Upper limit: first occurrence of P. obliqua.
Associated taxa: Hadrodontina sp., Ellisoniidae.

Occurrence: Luka¢ (Dienerian; middle and
upper part of the Carbonate-clastic Member of
the Lukac¢ Formation).

Remarks: Ha. anceps was first described from
the Dolomites (StaescuE, 1964). The Ha. anceps
multielement was first reconstructed by PEerrI &
ANDRAGHETTI (1987). This zone is well correlated
with the Ha. anceps Zone of the Dolomites
where it is based on the position between the Ha.
aequabilis Zone and followed by P. obliqua Zone
(PERRI,1991).

Eurygnathodus costatus Zone

Lower limit: the first occurrence of Eurygnathodus
costatus Staesche. Upper limit: the last occurrence
of E. costatus. Associated taxon: Eurygnathodus
hamadai (Koike).

Occurence: Golob (latest Dienerian and early
Smithian; “Werfen Formation”).

Remarks: E. costatus has been first described
from the Dolomites, Italy (StaescHE, 1964). In the
Dinaric area and it has been later reported to
occur in western Serbia (Bupurov & PanTi¢, 1973),
Croatia (Arymovi¢ et al., 2006) and in Bosnia and
Herzegovina.The species has been well documented
from many sections in Asia (CHEN et al., 2015a).

The GSSP of the Olenekian Stage has not
been defined yet, but two proposals based on
the FO of Novispathodus waageni have been
put forward (Krystyn et al., 2007; Zuao et al,
2008). Both candidate sections, the Spiti of India
and Chaohu in Anhui Province in China, are
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characterized by presence of E. costatus that has
short stratigraphic range. E. costatus has been
reported to occur already in the latest Induan
in some sections in Asia (ZuanG, 1990; Ico, 2009,
CHEN et al. 2015b).

It is worthy to mention here that Nv. waageni
has not been collected in the European sections
and therefore E. costatus it is currently taken
as an important marker around this boundary.
The hitherto obtained data from Slovenia and
other locations in the Dinarides unabled us to
document its entire stratigraphic range and to
define its precise stratigraphic position. The
preliminary C-isotope data suggests, that the
Induan-Olenekian boundary probably lies within
the Golob section (CHEN et al,, 2015a) that means
within the range of this taxon. Therefore in the
Figure 3 the boundaries of this zone are presented
with dashed lines.

Pachycladina obliqua Zone

Lower limit: the first occurrence of P. obliqua.
Upper limit: the last occurrence of P. obliqua.
Associated taxa: Ha. anceps, Hadrodontina sp.,
Ellisonia sp. 5

Occurence: Tehovec, Horjul and Ziri
surroundings, Trojane, Grmace, Misnica, Dobovica,
Cebine (Smithian; “Werfen Formation”).

Remarks: P obliqua was first reported from
the Dolomites, Italy by StarscuE (1964) and also
its multielement was first reconstructed from
there (PERrRI & ANDRAGHETTI, 1987). The value for
stratigraphy of P. obliqua in the Dolomites was
first emphasized and was later confirmed also
for the Dinarides (Perri, 1991; KoLAR-JURKOVSEK
& JurkovVSEK, 1995, 1996; JELaska et al., 2003;
AvjiNovic¢ et al,, 2011).

P obliqua is the most frequent Early Triassic
element reported from the entire Dinaric area,
including Slovenia (JURKOVSEK ET al., 1999, KoLAR-
JURKOVSEK & JURKOVSEK, 2001; Dozer & KoLARr-
JURKOVSEK, 2007), Croatia (JELaskA et al., 2003;
Avymovi¢ et al.,, 2006), Bosnia and Herzegovina
(Arsmvovi¢ et al., 2011), Serbia (Supagr, 1987). The
exact stratigraphic range of P. obliqua in Slovenia
has not yet been defined, but in the Dolomites it
ranges from the Smithian to the lower Spathian
(PeErRI & ANDRAGHETTI, 1987).

The fauna with dominating species P. obliqua
and joined by Hadrodontina was assigned to the
Smithian P. obliqua Zone and correlated to the
P obliqua Zone in the Dolomites as well as to
the Lower Smithian Zone 7 (Parachirognathus-
Furnishius Zone) of Sweet et al. (1971).

This species has been reported also from South
China (Wanc & Cao,1981; Yanc et al., 1986; Yan et
al., 2013) and North America (BEYERs & ORCHARD,
1991).

Foliella gardenae Zone
Lower limit: the first occurrence of F. gardenae
(Staesche). Upper limit: the last occurence
of F. gardenae. Associated taxa: Ellisonia sp.,
Hadrodontina sp., P obliqua, Furnishius triserratus
Clark, Parachirognathus ethingtoni Clark.

Occurrence: ISka, Draga, Skopacnik, Cetei,
Borstnik, Leskovica, Bogensperk — Temnica, Zelin-
Vrlejca, Ziri and Sol¢ava surroundings, Trzi¢, (late
Smithian and earliest Spathian; ”Werfen Formation”).

Remarks: F. gardenae was originally reported
from north Italy where it co-occurs with P
obliqua, however, in the upper portion of its
stratigraphic range only (Staescur, 1964). This
species has been later reported from the Dinaric
area: Serbia (Bunurov & PanTic, 1973; Supar et al.
2014), Slovenia (KoLAR-JURKOVSEK, 1990 a; KoLAR-
JURKOVSEK & JURKOVSEK, 1995), Croatia (ALJINOVIC
et al., 2006). A limited geographic distribution of
this species suggests it was ecologically restricted.
It is possible that its occurrence is confined to
the environment of the epeiric ramp conditions
(Arsmvovi¢ et al., 2013 a).

In western Serbia, the F. gardenae Zone is
distinguished above the E. costatus Zone (Budurov
& Panti¢, 1974). It is worthwhile to mention that
the two taxa have short stratigraphic ranges
and according to the presented data, there is an
intermediate interval without any evidence of
conodont occurrences. Similar distribution revealing
occurrence of E. costatus in the older strata and F.
gardenae in the younger strata are supported by the
situation in the Dolomites (StaEscHE, 1964).

Neospathodus planus Zone

Lower limit: the first occurrence of
Neospathodus planus. Upper limit: the first
occurrence of N. robustus Koike. Associated taxon:
Neospathodus sp. 5

Occurrence: Ziri surroundings (Smithian; “Ziri
Beds”).

Remarks: This zone is distinguished based
on a new species defined from Slovenia (CHEN et
al., 2015 a). The specimens of the namebearer of
this zone are associated with other neospathodid
elements determined as Neospathodus sp.

This zone can be roughly correlated to the
lower protion of the P. obliqua Zone. It can be
also correlated with the Novispathodus waageni
waageni and Discretella discreta Zones which are
reported from South China (Cuen et al., 2013,2015
b;Yan et al., 2013).

Neospathodus robustus Zone

Lower limit: the first occurrence of N. robustus.
upper limit: the last occurrence of N. robustus.
Associated taxon: Neospathodus sp. 5

Occurrence: Ziri surroundings (Smithian; “Ziri
Beds”).

Remarks: N. robustus was first reported from
western Malaysia, and the first entry of this
species is documented approximately 10 m higher
(ca. 10m) than the LOs of E. costatus and Nv. cf.
waageni (Koike, 1982). The reports on occurence of
N. robustus are very rare.

In the Ziri area the lower N. planus and the
succeeding N. robustus Zones are followed by the
level with the Platvyllosus elements. Based on
obtained data from Slovenia we may conclude
that the N. planus and the N. robustus Zones can
be correlated to the P. obliqua Zone.
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Platyvillosus corniger Zone

Lower limit: the first occurence of Platyvillosus
corniger. Upper limit: the first occurrence Pl
regularis (Budurov & Pantic).

Occurrence: Ziri surroundings (“Ziri Beds”),
Mokrice (“Werfen Formation”); Smithian.

Remarks: This zone is marked by the occurrence
of a single species, the zonal namebearer. The P
corniger Zone can be together with the following
Pl. regularis Zone roughly correlated with the F.
gardenae Zone (see the remarks of the following
zone).

Platyvillosus regularis Zone

Lower limit: the first occurrence of Pl. reqularis.
Upper limit: the first occurrence Triassospathodus
hungaricus (Kozur & Mostler).

Occurrence: Ziri surroundings (“Ziri Beds”),
Mokrice (“Werfen Formation”); Smithian.

Remarks: This zone is marked by the occurrence
of a single species, the zonal namebearer. The
Pl. regularis has been reported from Serbia for
the first time (Bupurov & Panti¢, 1973) and was
assigned to the Ladinian genus Pseudofurnishius
(e.g., Bupurov & PanTi¢ 1973). However taxonomic
revision and new discoveries indicate that it
should be assigned to genus Platyvillosus (CHEN
et al., 2015a, c).

Both Platymllosus taxa have been collected in
two sections in Slovenia, Ziri and Mokrice sections.
The older strata in both sections are marked
with the fauna of PIl. corniger that are followed
by the strata with the fauna of Pl. regularis. Also
in the first description of Pl. regularis there is no
information about the composition of the fauna
that enables us to speculate that the species in
the type locality was collected as a monofauna.
The absence of any accompaning fauna suggests
to stressful conditions controlled by ecollogical
factors that renders their comparison difficult.

In both Slovenian sections the Pl. corniger and
the Pl. regularis Zones lie below the T. hungaricus
Zone, similar as the F. gardenae Zone. Therefore
it is reasonable to conclude that the faunas with
Platyvillosus and Foliella are contemporaneous in
Slovenia.

Triassospathodus hungaricus Zone

Lower limit: the first occurrence of T
hungaricus. Upper limit: the first occurrence of T.
symmetricus Orchard.

Occurrence: Studorski preval (Werfen Formation),
Ziri surroundings (“Ziri Beds”), Mokrice, Sol¢ava
surroundings (“Werfen Formation”); Spathian.

Remarks: T. hungaricus was originally reported
from Hungary from the strata with the ammonoid
Tirolites (KozUr & MOSTLER, 1970).

In the Dinarides T. hungaricus has been just
recently collected from Slovenia, as well as from
Bosnia and Herzegovina (KoLAR-JURKOVSEK et al.,
2013, 2014). The species has been also reported
from the Sichuan Province, China (Tian et al,
1983). Some specimens determined as “N.” cf.
hungaricus have been collected in Nevada (North
America) (Lucas & ORrcHARD, 2007).

Tirolites is widely accepted by stratigraphers
as a marker for the Smithian-Spathian boundary
(e.g., Kozur, 2003). According to Kozur (2003)
the T. hungaricus Zone is presented as the first
conodont zone of the Spathian. In the shallow
western Tethys, T. hungaricus Zone lies in the
lower Spathian, where Icriospathodus collinsoni
(Solien) is missing (KoLArR-JURKOVSEK et al., 2013).
The present zone can be roughly correlated with
the lowermost Spathian Pl. asperatus Zone of the
Great Basin, USA (CLARK et al., 1979).

In the Mokrice section T. hungaricus
occurs as the only species of this zone and
it ranges up to the lowermost portion of the
following zone characterized by the presence of
Neostrachanognathus tahoensis Koike (KoLar-
JURKOVSEK et al., submitted).

Triassospathodus symmetricus Zone

Lower limit: the first occurrence of T
symmetricus. Upper limit: the first occurrence
of Neospathodus robustispinus Zhao & Orchard
Occurrence: Ziri surroundings (Spathian, “Ziri
Beds”).

Remarks: T. symmetricus was first reported
from Oman and North America and it is
accompanied by Ic. collinsoni and T. homeri
(MosHER, 1968; OrcHARD, 1995). In the Slovenian
section no accomapanied species were collected.
T. symmetricus has also been reported from Italy
(Perri, 1986), Greece (Durkoop et al., 1986), North
America (MosHER, 1973) and many sections in Asia
(see CHEN et al., 2015a, b).

This zone can be correlated with the T.
symmetricus Zone of North Vietnam and the
Ic. collinsoni zone of Jiarong, South China,
as both zones lie immediately above the Nw.
pingdingshanensis Zone (CHEN et al., 2013, 2015b;
Maerawa & Kowmatsu, 2014).

Neospathodus robustispinus — Triassospathodus
homeri Zone
Lower limit: the FO of N. robustispinus and/
or the FAD of T. homeri (Bender). Upper limit:
the LO of N. robustispinus and/or LAD T. homersi.
Accompanied taxa: T. symmetricus, N. ex gr.
robustispinus. 5
Occurrence: Ziri surroundings (“Ziri Beds”),
Skopaénik (Werfen Formation); Spathian.
Remarks: N. robustispinus was first reported
from Chaohu, Anhui province (South China),
and it occurs in the lower Spathian ammonoid
Columbites-Tirolites Zone (Zuao et al, 2008). T.
homeri (Bender) was first described from Greece
(BENDER, 1970) and a worldwide distribution of
the species is well documented (OrcHARD, 1995).
In the Slovenian section N. robustispinus is
documented higher than the FO of T. symmetricus.
The stratigraphic position of this zone can be
roughly correlated to T. homeri Zone that is
just below the T. triangularis Zone according to
(Kozur, 2003). The N. robustispinus - T. homeri
Zone in Slovenia probably correlates with the T.
homeri Zone in South China (CHEN et al., 2013,
2015Db).
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Fig. 4. Conodonts from the Lower Triassic of Slovenia.

1 a—c Triassospathodus hungaricus (Kozur & Mostler). Spathian, Triassospathodus hungaricus Zone. Mokrice, sample R1/3.
2 a-c Eurygnathodus costatus Staesche. Latest Dienerian - early Smithian, Eurygnathodus costatus Zone. Golob, sample 44/8.
3 a— ¢ Platyvillosus regularis (Budurov & Panti¢). Smithian, Platyvillosus regularis Zone. Ziri surroundings, sample 28/17.
4 a —c Pachycladina obliqua Staesche. Late Smithian — earliest Spathian, Foliella gardenae Zone. Ika, samples IS1, IS2.

5 — Foliella gardenae (Staesche). Late Smithian — earliest Spathian, Foliella gardenae Zone. Trzi¢, sample 66.

6 — Hadrodontina anceps Staesche. Late Smithian — earliest Spathian, Foliella gardenae Zone. Trzi¢, sample 59.

7 a —c Hindeodus parvus (Kozur & Pjatakova). Griesbachian, Hindeodus parvus Zone. Luka¢, sample L1.

8 a— b Isarcicella lobata Perri & Farabegoli. Griesbachian, Isarcicella lobata Zone. Lukaé¢, sample T.

9 a-c Hindeodus postparvus Kozur. Griesbachian, Hindeodus postparvus Zone. Lukac¢, sample 41.

10 a — b Isarcicella staeschei Dai & Zhang. Griesbachian, Isarcicella isarcia — Isarcicella staeschei Zone. Lukac, sample V.

All species are presented by the Pa element, except fig. 4 — P, obliqua is presented by the Pa, Sc, M elements in ascending order.
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Triassospathodus triangularis Zone

Lower limit: the FAD of T. triangularis (Bender).
Upper limit: the LAD of T. triangularis.

Accompanied taxa: T. ex gr. triangularis.
Occurrence: Skopaé¢nik (Werfen Formation);
Spathian.

Remarks: T. triangularis was first reported
from Greece by BenpErR (1970) and it has been
documented also from the Dolomites (STAESCHE,
1964; Perr1 & ANDRAGHETTI, 1987). The species has
widespread distribution and has been extensively
reported from many sections of the world (see
ORCHARD, 1995; CHEN et al., 2013, 2015b).

The marker taxon of the zone was collected also
in a few sections south of Ljubljana, however, its
entire range has not been well defined. Nevertheles,
this zone can be compared to the T. triangularis
Zone (Kozugr, 2003).

Discussion and conclusions

The PTB interval in Slovenia is characterized
by the genera Hindeodus and Isarcicella and the
absence of gondolellids is obvious. Therefore,
a conodont zonation for shallow facies of the
Meishan section in China introduced by Wanc
(1996) and later refined for the Dolomites in
Italy (Perr1 & FaraBEGoLI, 2003) was applied. The
Lukacé section represents a key section to define
the PTB interval strata in Slovenia as well as in
the wider Dinarid area (KoLAR-JURKOVSEK et al.,
2011a,2012).

Certain levels of the Lower Triassic succession
in Slovenia are marked by shallow water
and euryhaline genera. Due to the absence of
worldwide biozonal markers, a stratigraphic use
of some taxa (i.e. Hadrodontina aequabilis, Ha.
anceps, Pachycladina obliqua) was first recognized
in the Dolomites, Italy (PerrI, 1991) and was later
applied also in the Dinarides (JELAsKA et al., 2003).
Therefore the use of euryhaline genera is important
regional biostratigraphic tool in western Tethys.

Certain Olenekian faunas in Slovenia show
very low diversity and many collected faunas
are characterized by the presence of a single
species, for example Eurygnathodus costatus,
E. hamadai, Platyvillosus corniger, Pl. regularis
and Triassospathodus hungaricus. The two
Platyvillosus taxa have been hitherto reported
only from the Dinarides. Stratigraphically
important taxa for example: Neospathodus
dieneri, Novispathodus waageni, Icriospathodus
collinsoni, Nv. pingdingshanensis have not been
documented to occur in Slovenia or the Dinarides.

For some time it was believed that the genus
Eurygnathodus Staesche is a junior synonym
of Platyvillosus Clark, Sincavage & Stone (e.g.,
Kozur & MosTLER, 1973). Therefore there was
certain misunderstanding in recognition of some
Olenekian genera. In the Treatise of Invertebrate
Paleontology (CLaRK et al., 1981), in the volume of
the genus Platyvillosus as a synonym is regarded
Eurygnathodus as well as ? Foliella Budurov &

Panti¢. The three genera have markedly different
morphology and they are regarded as separate
genera (e.g., OrcHARD, 2007; CHEN et al., 2015a). The
genus Platyvillosus was first described from North
America and the type species is Pl. asperatus
Clark, Sincavage & Stone. The relationship
among all known occurrences of Platyvillosus
representatives from Europe and North America
is not clear.

In Slovenia, Eurygnathodus and Platyvillosus
do not co-occur and this is in accordance with
the data from Serbia (Bupurov & Pantic, 1974).
However, their relation is not yet solved. The
P, element of Platyvillosus is demonstrated by
the transitional forms from a neospathodid type
ancestor as already suggested by OrcHARD (2007)
and CHEN et al. (2015a).

In Slovenia, the genera Foliella and Platyvillosus
also do not co-occur and the recovered material
does not reveal their relationship. Foliella gardenae
has been documented only in Europe, however,
the accompanied Pachycladina with an extensive
geographical distribution enables worldwide
comparison of the fauna.

Platyvillosus taxa have also limited geographic
occurrence outside Slovenia. Of the two recognized
species, only Pl. regularis has been known to occur
in Serbia (Bupurov & PanTi¢, 1973). Their occurrence
outside the Dinarides has not yet been reported.

The two neospathodid taxa, Neospathodus
planus and N. robustus occur in a level with obvious
absence of Novispathodus waageni.

Certain recovered conodont faunas from
Slovenia markedly differ from the contemporaneous
conodont faunas of North America and Asia. A
limited geographic distribution of some genera
confined to the European sections suggests they
were ecologically restricted and probably adapted
to shallow water environments.

Triassospathodus hungaricus has been lately
reported from few sections in the Dinarides
where it occurs as single conodont species.
Outside the area this species has been reported
to occur in the Sichuan Province of South China
(T1an et al., 1983) and moreover, Lucas & ORCHARD
(2007) reported elements morphologically close
or identical to “Neospathodus” cf. hungaricus
from Nevada.

Representatives of the T. symmetricus-homeri-
triangularis lineage are well documented and
quite common worldwide.
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Izvlecek

Na prehodnem obmoé¢ju med gricevnatim Gori¢kim in uravnanim Prekmurskim poljem je bilo aprila 2014
izvedeno podrobno hidrogeolosko kartiranje, v okviru katerega so bili registrirani pojavi podzemne in povrsinske
vode. Opravljene so bile meritve gladine, temperature, elektroprevodnosti in pH vrednosti podzemne vode izbranih
vodnjakov. Na podlagi teh podatkov je bila izrisana karta gladin podzemne vode in dolo¢ene smeri njenega toka.
Na obmocju Gori¢kega podzemna voda tece od severa proti jugu, na stiku med Gorickim in Prekmurskim poljem
se smer toka zaradi spremembe reliefa in hidrogeoloskih karakteristik sedimentov, spremeni proti jugovzhodu, kar
se odraza v povijanju hidroizohips. Tok podzemne vode v osrednjem delu Prekmurskega polja je vzporeden toku
reke Mure, to je v smeri od severozahoda proti jugovzhodu. Meritve terenskih fizikalno-kemijskih parametrov so
pokazale, da se pH vrednost in temperatura podzemne vode na Gori¢kem in Prekmurskem polju ne razlikujeta.
Vrednosti elektroprevodnosti so na Prekmurskem polju nekoliko visje kot na Gorickem.

Abstract

In April 2014 a detailed hydrogeological mapping was performed in the transition area between the hilly Gori¢ko
in the north and the flatland of Prekmursko polje in the south (NE Slovenia). The occurrence of groundwater and
surface water phenomena were registered and groundwater levels determined in a number of dug wells. Some
basic physico-chemical parameters of water, i.e. temperature, electrical conductivity and pH were measured.
Groundwater level map of the area was drawn and groundwater flow directions determined. In the Goric¢ko area,
groundwater flows from north to south, while in Prekmursko polje groundwater flow is parallel to the flow of
the Mura River, i.e. NW-SE. In the transition area between Gori¢ko and Prekmursko polje groundwater countor
lines bend substantialy indicating a change in the relief as well as change of the hydrogeological characteristic of
sediments. The groundwater pH and temperatures in Gori¢ko and Prekmursko polje, are simillar. However, the
electrical conductivity of groundwater in Prekmursko polje is higher than in Goric¢ko.

Uvod se v smeri proti Prekmurskemu polju povecuje.
Pas se razteza od Cankove na zahodu do Zitkovcev

Goricko je hribovito obmotje v severovzhodni na vzhodu, njegova povrSina pa je ocenjena na

Sloveniji, s povpre¢no nadmorsko visino priblizno
300 m, ki se na severu in zahodu nadaljuje v
Avstrijo ter na vzhodu na Madzarsko, na jugu pa
postopoma prehaja v ravnino Prekmurskega polja.
Geomorfolosko stik med njima predstavlja pas,
sestavljen iz sistema nizkih pleistocenskih teras,
ki jih je ustvarila reka Mura z akumulacijo in
erozijo (Gawms, 1959). Na obmotju teras so odlozeni
prodi, pesceni prodi, glinasti prodi in prodnati
peski (JELEN & RireLs, 2011), katerih prepustnost

priblizno 180 km? (sl. 1). Prekmursko polje in
Goricko se razlikujeta tako po hidrogeoloskih,
litoloSkih kot tudi po tektonskih razmerah.

Iz arhivskih kart gladin podzemne vode KraLs
(1979) izhaja, da je na stiku med Gorickim in
Prekmurskim poljem drugatna smer toka kot
na osrednjem delu Prekmurskega polja in da se
podzemna voda na severnem obrobju Prekmurskega
polja napaja z Gorickega.
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Vodotoki na zahodu Gorickega tecejo proti jugu
in se na osrednjem delu Prekmurskega polja izlijejo
v reko Ledavo. Na severovzhodnem delu Gorickega,
tetejo proti jugovzhodu in vzhodu, v isti smeri kot
Mala in Velika Krka. Ti reki te¢eta proti vzhodu na
Madzarsko kjer se zdruzita v Krko (madz. Kerka), ki
se na drzavni meji med Slovenijo in Madzarsko izlije
v reko Muro. Na zahodnem Gori¢ckem, ob Ledavi,
so potoki daljsi kot v vzhodnem delu.V Ledavo so
v smeri od zahoda proti vzhodu izlivajo: Bodonski,
Petarovski, Beznovski, Mackovski, Sebeborski,
Martjanski, Krnski, Bogojinski, Sukic¢ev, Andrejski
in Dolinski potok, Lipnica, Lukaj, Crnec, Dobel
in Bezjak (sl. 1). Stalni pretok je prisoten le v
Bodonskem, Mac¢kovskem in Martjanskem potoku,
drugi pa predvsem v poletnih mesecih, presahnejo
(CicLAR, 1975).

Ledava je z 71 km dolZzine najdaljSa reka na
Goric¢kem. Izvira v blizini Gleichenberga, v Avstriji,
nato tec¢e po Gorickem od severa proti jugu. Pri
Topolovcih seka pleistocensko teraso ter tece v
smeri proti jugovzhodu, po ravnini vse do drzavne
meje z Madzarsko, kjer se izliva v Muro (sl. 1). Je
njen glavni pritok v Sloveniji, ki ima zaradi prevlade
slabse prepustnih tal, zelo gostoto drenazno mrezo.
Tudi drugi potoki na Gori¢kem imajo razvejane
drenaZne mreze, na prehodu v ravninski del, kjer so
tla bolj prepustna kot na Gori¢kem, za¢nejo zaradi
majhnega naklona povrSine vijugato. V povirnem
delu so struge ozje in globlje.

Goricko je pomembno tudi z vidika pojavljanja
mineralne vode, predvsem na obmoc¢ju Nuskove
(ZLEBNIK, 1974), ki pa se trenutno Se ne uporablja
v komercialne namene. Prekmursko polje je glede
teh virov bogatejse, na obmocju Petanjcev se nahaja
mineralna voda, na obmoc¢ju Renkovcev, Moravskih
Toplic in Lendave pa termalna voda. Na obmocju
Prekmurskega polja, zlasti na SirSem obmocju
Petisovcev, so v preteklosti potekale intenzivne
raziskave nafte in plina, kjer so bila odkrita
ekonomsko pomembna naftna polja (PLENICAR, 1954).

Namen ¢lanka je podati hidrogeoloske razmere
na sticnem obmoc¢ju med hribovitim Gorickim in
ravninskim Prekmurskim poljem. Razpolozljivi
podatki (Novak, 1966; Krary, 1979) nakazujejo,
da se del podzemne vode na severnem obmocju
Prekmurskega polja napaja z Gorickega, in da stik
med tema dvema pokrajinskima enotama predstavlja
obmocje hidrogeoloskega prehoda, kjer se v smeri
od severa proti jugu spremenijo hidrogeoloSke
razmere in s tem tudi smer toka podzemne vode.
S hidrogeoloSkim kartiranjem smo Zeleli potrditi
domnevi o obstoju prehodnega obmocja in o smeri
napajanja na severni meji Prekmurskega polja.

Predhodne raziskave na obravnavanem obmoc¢ju
V preteklosti so se geoloske raziskave izvajale

lokalno, predvsem z namenom opredelitve
geomehanskih pogojev za gradnjo manjsih objektov
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(Novag, 1966; CicLar & FiLieic, 1987). To je razlog
za Sibko poznavanje geologije Gorickega v celoti,
v primerjavi z juzno leze¢im Prekmurskim poljem.
Rezultati vecine opravljenih raziskav na obmocju
Gorickega niso bili objavljeni in so na razpolago
le v obliki delovnih poro¢il, predvsem v arhivu
Geoloskega zavoda Slovenije.

Obmocje severnega dela Prekmurskega
polja je hidrogeolosko raziskal Krary (1979) in
rezultate strnil v diplomskem delu. Novak (1966)
je raziskoval lokalne hidrogeoloSke razmere
na obmoc¢ju Puconcev in izdelal hidrogeolosko
karto, ki prikazuje gladino podzemne vode na
Prekmurskem polju in na stiku z Gori¢kim na
sami lokaciji. V zadnjem obdobju vec¢ina raziskav
zajema hidrogeolosko interpretacijo monitoringa
gladin podzemne vode na odlagaliS¢u Puconci.
Hidrogeolosko opredelitev obmoé¢ja odlagalisca je
podal DrosnE (1989), podrobnejso karakterizacijo
pa Brencic (2003). Raziskave morebitnih
nahajalis¢ kremenovega proda in peska (CIGLAR
& Frrric, 1987) so potekale predvsem na obmocju
vasi Bodonci, Kustanovei, Korovci in Puconci. Za
ekonomsko primerno nahajaliS¢e se je izkazalo le
nahajalis¢e v Puconcih. V ob¢ini Puconci, pa so
bile na obmoc¢ju Doline opravljene tudi inzenirsko
geoloske raziskave (Carman, 2014). Na obmodju
Nuskove je bilo izvrtanih nekaj vrtin za dolocitev
koli¢in mineralne vode ter opredelitev vodonosnih
plasti (ZreBnik, 1974), na obmoéju celotnega
Pomurja pa je bilo v zadnjih letih izvedenih tudi
veliko raziskav geotermalnih virov (Rman et al.,
2012). Izvedene so bile tudi petrografske raziskave
(KraLs, 1999) v okolici Grada na Gori¢kem, v
katerih je bil podrobneje raziskan apofilit iz
zgornjepliocenskih vulkanoklastov. Geokemicne
raziskave  zgornjepliocenskih  meljastih in
pescenih sedimentov iz vrtine Mt-7 (KRraLJ,
2003) so potekale na obmoc¢ju Moravskih toplic.
Rezultate geofizikalnih raziskav izvedenih za
potrebe skladis¢enja plina v strukturah Pecarovci
in Dankovci je opisal Gosar (1996).

Hidrogeoloski opis obmoc¢ja

Goricko gradijo slabSe prepustni, heterogeni
sedimenti, predvsem gline in melji, ki seizmenjujejo
z dobro prepustnimi peski in prodi (CigLar, 1975).
Glede na to sklepamo, da je infiltracija padavin
na Gorickem zaradi slabSe prepustnih krovnih
plasti, nizja kot na Prekmurskem polju. Slednje
je zgrajeno pretezno iz dobro prepustnih prodov
in peskov, slabse prepustne plasti sedimentov pa
se v glavnem pojavljajo v le¢ah oziroma v podlagi
kvartarnega vodonosnika.

Povrsje  Gorickega  prekrivajo predvsem
sedimenti Spiljske, Murske in Ptujsko-grajske
formacije (JELEN & RireLs, 2011) neogenske
starosti. Med Kué¢nico in Ledavo prevladujejo
sedimenti Spiljske formacije, ki so se odlagali v
plitvomorskem okolju, obmoc¢je ob Ledavi (na

Gorickem) prekrivajo sedimenti Murske formacije,
odloZeni na deltni ravnici in deltnem ¢elu, na njih
pa so v osrednjem in vzhodnem delu Gorickega
odloZeni sedimenti aluvialne ravnice Ptujsko-
Grajske formacije. Vrhove grebenov na vzhodnem
Gorickem prekrivajo slabo sortirani re¢ni prodi, z
lecami glin in peskov (CicLAr & Frripic, 1987; BEGUS
et al,, 2002) domnevno pliocenske ali pleistocenske
starosti (JELEN & RireLy, 2011).

V holocenu so manjsi potoki in hudourniki z
obmocja Gorickega nanasali sedimente v smeri
proti jugu (PrLENICAR, 1970). Tako so v strugah
potokov na Gorickem in na severnem robu
Prekmurskega polja odlozeni prodi, peski, melji
in peScene gline (JELEN & RireLJ, 2011). PovrSje na
obmoc¢ju Gorickega se zniZzuje v smeri od severa
proti jugu (sl. 1).

Podzemna voda na Gori¢ckem se nahaja vsrednje
izdatnih kvartarnih in pliocenskih medzrnskih
vodonosnikih, ki jih gradijo prodne, peSc¢ene in
meljne plasti ter vmesne, tanjsSe slabo do zelo slabo
prepustne plasti. Zaradi tega so pogosti lokalni
polzaprti vodonosniki, nekatere med njimi lahko
opredelimo tudi kot vise¢e vodonosnike (PrESTOR
et al., 2006).

Predkvartarna podlaga na obravnavanem delu
Prekmurskega polja tone v smeri od severozahoda
proti jugovzhodu. Predstavljajo jo predvsem
zelo slabo prepustni pliocenski sedimenti (glina,
melj in lapor), med njimi pa prevladuje glinena
komponenta (meljna glina, peScena glina,
laporasta glina).

Visokoizdaten kvartarni medzrnski vodonosnik
na obmoc¢ju Prekmurskega polja vsebuje
pomembne koli¢ine podzemne vode za oskrbo
prebivalstva s pitno vodo (Mau: & HotzL, 1990).V
nekaterih primerih kemijsko stanje te podzemne
vode ni primerno za pitno vodo, predvsem zaradi
prisotnostinitrata in pesticidov (MrHoRKO & GACIN,
2014).

Na stiku med Gorickim in Prekmurskim
poljem se sedimenti razlikujejo po poroznosti
in prepustnosti. Za kvartarni medzrnski
vodonosnik sta znacilni visoka prepustnost
in izdatnost, s koeficientom prepustnosti med
1,0-10-® in 5,0-10* m/s, poroznostjo od 0,15 do
0,35 in gradientom podzemne vode od 0,001 do
0,002 (BrRENCIC, 2009).

Na obmoc¢ju Puconcev, na meji med Gori¢kim
in Prekmurskim poljem, se nahajajo izmenjujoce
plasti heterogenih pliocenskih in pleistocenskih
sedimentov, ki imajo razli¢no prepustnost ter
se lecasto prepletajo. Zato pride do razlike v
smeri hidravliécnega gradienta (Brenci¢c, 2006).
Koeficient prepustnosti je v razponu med 1,4-10-¢
in 1,3-10* m/s (Brencic 2008; Bokan, ustna
informacija).
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Metode
Hidrogeolosko kartiranje

Hidrogeoloske razmere smo opredelili s
podrobnim kartiranjem obmocja juznega roba
Gorickega in severnega roba Prekmurskega polja.
Kartiranje smo izvedli v aprilu 2014.

Pregledali smo vse dostopne hisne vodnjake na
obrobju Gori¢kega v naseljih Strukovci, Puzevci,
Brezovci, Puconci, Martjanci, TeSanovci, Bogojina,
Sebeborci, Vaneca, Bodonci in Salamenci (sl. 1).
Tovrstne objekte za monitoring uporabljamo
ve¢inoma v primerih, ko na razpolago ni
primernejSih  objektov za odvzem vzorcev
podzemne vode. Pri tak$nih objektih je potrebno
racunati z moznostjo tockovnega onesnazenja
z bliznjih povrSin, Se posebej v vodnjakih na
kmeckih dvoris¢ih (Prestor et al., 2006). Pri tem
je potrebno poudariti, da v ve¢ primerih lastniki
niso dovolili dostopa do vodnjakov, zaradi ¢esar je
gostota opravljenih meritev na nekaterih obmocjih
majhna. Pri interpretaciji smo upostevali tudi
podatke o meritvah gladin podzemne vode na
merilnih mestih s katerimi upravlja Agencija RS
za okolje (sl. 2).

Vsi preiskani vodnjaki so bili izkopani ro¢no
in okrepljeni s cevmi premera 1 m ali ve¢. Prav
tako so vsi zaSc¢iteni pred neposrednim vdorom

padavinske vode s pokrovom ali s streho. Naj globlji
vodnjak se nahaja v Salamencih in je globok
36 m.Vecina vodnjakov se za lastno oskrbo s pitno
vodo ne uporablja ve¢, ker so hiSe priklopljene na
javni vodovodni sistem. Ve¢inoma lastniki vodo
iz vodnjakov uporabljajo le ob¢asno za zalivanje
vrtov.

Enkratne meritve gladin podzemne vode
in fizikalno-kemijskih parametrov podzemne
vode so potekale 25. aprila 2014. V dneh pred
opravljenimi meritvami je rahlo deZevalo, prav
tako na dan meritev. Poleg gladin podzemne vode
so bili v vodnjakih izmerjena Se elektroprevodnost,
temperatura in pH vrednost (tabela 1). Fizikalno—
kemijski parametri so bili merjeni z merilnikom
pH/Cond 340i proizvajalca WTW. Natanc¢nost pri
meritvah elektroprevodnosti znasa +0,5%, pri pH
vrednosti +0,03 in pri temperaturi +0,1°C.

Izris hidroizohips

Pri izrisu karte gladin podzemne vode sta
bili uporabljeni dve interpolacijski metodi.
Hidroizohipse so bile izrisane s triangulacijo z
linearno interpolacijo in s pomoc¢jo navadnega
krigiranja, ki je bilo uporabljeno kot kontrolna
metoda (Yanc et al., 2004). Izris je bil na podlagi
strokovne ocene tudi ro¢no korigiran. Podatki
gladin podzemne vode so grafiéno predstavljeni in
izdelani s pomocjo programa ArcGIS (ESRI, 2014).
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Ker pa podatki izmerjenih gladin niso bili zadostni,
saj je mreZza merilnih mest bila preredka, smo pri
izrisukarte gladin podzemne vodena obravnavanem
obmocju,upostevali tudi opazovalna mesta Agencije
RS za okolje ter morfologijo povrsja na obmod¢jih,
kjer tecejo potoki. Zaradi pomanjkanja podatkov
o gladinah podzemne vode smo predpostavili, da
so potoki v stiku s podzemno vodo, in da njihove
pretocne visSine predstavljajo gladino podzemne
vode na stiku potoka in vodonosnika.

Koordinate lokacij individualnih vodnjakov
so dolocene s pomocjo Atlasa okolja (INTERNET
1), na podlagi najblizjih hisnih stevilk in lokacij
vodnjakov na pripadajo¢ih parcelah. Kote ustij
vodnjakov, so dolo¢ene na podlagi sestevka kote
terena, ki izhaja iz digitalnega modela reliefa
(DMV 5) podanega v Atlasu okolja (MOP-GURS,
2011) in na terenu izmerjene visine ustij vodnjakov.

Rezultati in interpretacija

Napodlagipodrobnegahidrogeoloskegakartiranja
in meritev gladin podzemne vode v vodnjakih smo
dolocili obliko gladine podzemne vode na prehodnem
obmoc¢ju med Gorickim in Prekmurskim poljem
(sl. 2) ter izrisali dva reprezentativna profila poteka
podzemne vode (sl. 3, 4).

V vodnjakih na severnem robu Prekmurskega
polja se podzemna voda nahaja plitvo pod
povrsjem, plitveje od 5 m. Najvisja gladina
podzemne vode na stitnem obmocju, ki reliefno
pripada Prekmurskemu polju, je bila izmerjena
v PuZevcih (203,04 m.n.v.) in najnizja v Bogojini
(182,70 m.n.v.). Gradienti gladine podzemne
vode se gibljejo v razponu od 0,0010 do 0,0015.
Podzemna voda ima enotno smer toka, od
severozahoda proti jugovzhodu.
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Podzemna voda na juzZnem obrobju Gorickega
je kot pricakovano, globlja. Izjema je vodnjak
v Vaneci, kjer je bila gladina podzemne vode
izmerjena na globini 0,5 m (241,90 m.n.v.). V tem
primeru gre najverjetneje za vise¢i vodonosnik,
vezan na plast gline, katere pojavljanje je v tem
predelu pogosto (CicrLar, 1975; Brenci¢, 2006). V
ostalih vodnjakih se podzemna voda nahaja na
globini med 8 in 24 m.

Prevladujoc¢a smer toka podzemne vode na
juznih obronkih Gori¢kega je vezana na smeri
vodotokov, ki tecejo v smeri od SSV proti JJZ, ter
na oblikovanost reliefa, ki pada v enaki smeri.
Dodaten vplivna obliko gladine podzemne vode na
juznih obronkih Gori¢kega imajo tudi sedimenti,
v katerih se izmenjujejo drobnozrnati (gline
in melji) in debelejsi (pesek in prod) sedimenti.
Zaradi tega smo obmocje opredelili kot slabSe
prepustno od Prekmurskega polja. Posledica
tega so visji gradienti gladin podzemne vode na
juznem robu Gorickega. Vrednosti gradientov se
gibljejo na intervalu od 0,011 do 0,013. Vzpetine
med povrSinskimi  vodotoki  predstavljajo

razvodnice, kjer se podzemna voda razteka na
vzhod in zahod, lokalno tok podzemne vode
praviloma sledi poboéjem. Izrazita razvodnica
je tako prisotna med Bodonskim potokom in
Salamenskim potokom ter med Puconskim
potokom in Sebeborskim potokom.V vzhodnem
delu obravnavanega obmoc¢ja lahko glede na
podatke iz =zahodnega dela obravnavanega
obmoc¢ja, interpretiramo smer toka podzemne
vode v smeri severa proti jugu.

Na prehodu z Gorickega v Prekmursko polje
se smer toka podzemne vode spremeni, tok se iz
smeri SSE-JJZ obrne v smeri SZ-JV.Tako korenita
sprememba smeri in gradientov gladine na sti¢énem
obmocju, ki se gibljejo okoli 0,01 nakazujejo, da
je prepustnost sedimentov relativno nizka. Od tod
izhaja, da je bilan¢no gledano prispevek napajanja
podzemne vode iz obmoc¢ja Gori¢kega na obmocje
Prekmurskega polja relativno majhen.

Na danmeritev fizikalno-kemijskih parametrov
podzemne vode, je znasala povpre¢na temperatura
zraka na meteorolo$ki postaji Murska Sobota

Tabela 1. Fizikalno-kemijski parametri podzemne vode in njena gladina izmerjena 25. 4. 2014.

Table 1. Groundwater’s physicochemical parameters and groundwater level, measured 25. 4. 2014.
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(m.a.s.l) P (m.a.s.l) Ly
- Bodonci 176821 585466 240,25 16,75 223,50 20 6,8 282 13,8
& Salamenci
_“5 o 1 176809 | 585906 247,10 23,90 223,20 36 71 422 14,0
292 =
g @g i
O g ; Salar;em 176607 | 586087 235,65 13,70 221,95 17 7,0 1492 13,0
42 Vaneéa 176773 | 589237 242,40 1,40 241,00 4 70 201 13,7
N N2
5
- Sebeborei | 175197 | 591929 230,20 8,30 221,90 17 71 441 13,7
<. Strukovei | 174023 | 581487 205,32 1,65 203,67 6 73 785 13,3
.2
=79
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~3
8 % Nemcavei 171380 590400 193,43 3,75 189,68 / / / /
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— Rakic¢an 14,2 °C (INTERNET 3). Terenske meritve
fizikalno-kemijskih parametrov so pokazale,
da se vode zelo razlikujejo (Tabela 1). Najvisje
vrednosti elektroprevodnosti so bile izmerjene v
vodnjaku Puzevci (1516 pS/cm), sledi mu vodnjak
Salamenci 2 (1492 pS/cm). Dokaj visoke vrednosti
elektroprevodnosti so prisotne tudi v nekaterih
drugih vodnjakih (Bogojina in Strukovci) in kazejo
na onesnazenje, katerega izvor sta najverjetneje
kmetovanje in pridelava ohiSnice. Povprec¢na
temperatura in pH vrednost podzemne vode,
znasSata 13,4 °Cin 7,1.

Sklep

Na podlagi hidrogeoloskega kartiranja smo na
obmoc¢ju prehoda med Gori¢kim in Prekmurskim
poljem izdelali podrobno karto gladin podzemne
vode. S pomocjo te kartesmo potrdili hipotezo, da
se podzemna voda severnega dela Prekmurskega
polja napaja z Goric¢kega. Glede na prostorsko
porazdelitev gladine podzemne vode ocenjujemo,
da je bilan¢ni prispevek tega dotoka relativno
majhen. Zaradi vertikalnega in horizontalnega
izmenjavanja sedimentov razli¢ne zrnavosti
in s tem prepustnosti, se pojavljajo razliéne
hidrodinamsko pogojene vodonosne strukture,
od odprtih do polzaprtih vodonosnikov. Kaks$no
je medsebojno hidravlicno razmerje podzemne
vode v njih Se ni znano.V zvezi s hidrogeoloskimi
razmerami na obravnavanem obmocju ostaja vrsta
vpraSanj Se odprtih.

Donadaljnjega ostaja odprto tudi vprasanje, ali
povrsinski vodotoki vodonosnikom predstavljajo
hidravliécno mejo in v kak$ni meri napajajo
podzemno vodo. V prispevku smo taksno vlogo
vodotokov le predpostavili, ker je bila gostota
opravljenih meritev gladin podzemne vode v
prostoru premajhna, da bi omogocila zanesljiv
izris gladin podzemne vode.

Navkljub analizi vseh razpolozljivih
podatkov, brez dopolnilnih raziskav, ki bodo
vkljucevale vrtanje dodatnih opazovalnih
vrtin ter geofizikalne raziskave, podrobnejse
interpretacije = hidrogeoloSkih  razmer na
obravnavanem obmoc¢ju, ni mogoce podati. K
razjasnitvi vpraSanj in izra¢unu vodne bilance
bi veliko prispeval tudi matemati¢ni model toka
podzemne vode, katerega zanesljivost je pogojena
z dobrim 3D geoloskim modelom in nizom
podatkov za njegovo umerjanje.
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Abstract

Nitrate pollution in groundwater, originating mainly from agricultural activities, remains a worldwide issue.This
is also pertinent to Slovenia, where nitrate leaching from agricultural areas is one of the major groundwater resource
management problems. The contamination spread in the aquifer is directly related to the hydraulic properties of
the upper, unsaturated and the lower, saturated zone. The article presents study of water and nitrate pollution
transport in the unsaturated zone in a field laboratory — lysimeter in Selniska dobrava. Water and nitrate transport
parameters were estimated by a combined tracing experiment with deuterated water and Ca(NO,),. Deuterium was
used as a conservative tracer of water movement, and Ca(NO,), was used as a nitrate tracer in the unsaturated zone.
The 8*H and nitrate concentrations in the unsaturated zone water were measured monthly during the period from
April 2006 to July 2007. All together 36 samplings were performed. The fastest and dominant flow velocities were
calculated based on injection time, the first tracer appearance time, and the time of highest concentration. Mean
flow velocity and vertical dispersion were estimated by an analytical best-fit method using the one-dimensional
convection-dispersion model. The results were used to estimate the nitrate transport parameters in the coarse
gravel aquifer SelniSka dobrava. They can be used also for nitrate transport estimations in other aquifers with
similar hydrogeological characteristics and can serve as a base for determining the measures for nitrate reduction
in groundwater.

Izvleéek

Onesnazenje podzemne vode z nitratom, ki izvira predvsem iz kmetijske dejavnosti, Se vedno ostaja v svetu
velik problem. To velja tudi za Slovenijo, kjer je spiranje nitrata iz kmetijskih povrsin eden glavnih problemov pri
upravljanju z viri podzemne vode. Sirjenje onesnaZzenja v vodonosniku je neposredno povezano s hidravli¢nimi
lastnostmi zgornje nezasicene in spodnje nasi¢ene cone. Clanek predstavlja Studijo prenosa vode in onesnazenja z
nitratom v nezasiceni coni v terenskem laboratoriju - lizimetru v Selni§ki dobravi. Prenos vode in nitrata smo ocenili
s kombiniranim sledilnim poskusom z uporabo devterijeve vode in Ca(NO,),. Devterijevo vodo smo uporabili kot
konzervativno sledilo, Ca(NO,), pa smo uporabili kot sledilo nitrata.V vodi nezasicene cone smo mese¢no merili 6*H
in koncentracije nitrata v obdobju od aprila 2006 do julija 2007. Opravili smo 36 vzorcenj. NajhitrejSe in dominantne
Povprecno hitrost toka in vertikalno disperzijo smo ocenili z analiti¢cno metodo, z uporabo enodimenzionalnega
konvekcijsko-disperznega modela. Rezultate smo uporabili za oceno parametrov transporta nitrata v vodonosniku
s podobnimi lastnostmi, visoko prepustnem vodonosniku Selniska dobrava. Rezultati raziskave se lahko uporabijo
za oceno transporta nitrata tudi na drugih vodonosnikih s podobnimi hidrogeoloskimi pogoji in lahko sluzijo kot
osnova za dolocitev ukrepov za zmanjsanje pojavov nitratov v podzemni vodi.

Introduction

Itiswellknownthat groundwater contamination
from agricultural nonpoint sources is one of the
major pollution problems (LockHArT et al., 2013;
Wancetal., 2013; Loprez et al.,2015), often occurring
as the result of anthropogenic activities, lack of
management,and over-exploitation of groundwater

resources (Pisciorra et al.,, 2015). Excess nitrogen
from agricultural fertilizers and manure poses a
significant environmental issue (Kronvang et al.,
2009; Rerscaarp et al, 2015), pertaining also to
Slovenia, where nitrate leaching from agricultural
areas is one of the major groundwater resource
management problems. In the last few decades
in Slovenia, nitrate concentrations in granular
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aquifers on same places have increased, mainly as
a consequence of the agricultural application of
manure and fertilizers (EARS, 2014). The excessive
use of chemicals and fertilizers increases the risk
of groundwater pollution. Thus, the prevention of
contamination is the primary strategy of water
quality management (CEPLECHA et al., 2004).

The prevention, control and combat of
groundwater pollution are addressed in various
European Union (EU) and national legislative acts
(PiscrotTa et al., 2015). The EU Water Framework
Directive (EC, 2000), WFD, and its daughter
Directive on the Protection of groundwater against
Pollution (EC,2006), GWD, establish criteria for the
characterization of groundwater status (quality and
quantity). Regarding nitrates, GWD sets the quality
standard for assessing groundwater chemical status
at 50 mg/l. Moreover, the Nitrates Directive (EEC,
1991) is an integral part of the WFD and it was
drawn up with the specific purpose to reduce water
pollution caused by nitrates from agricultural
sources, and to prevent further pollution from
nitrates. EU members are required to identify
waters affected by nitrate pollution and designate
nitrate vulnerable zones. Slovenia acknowledged
this directive with a national regulation The Water
Act (OrriciaL. GAZETTE, 67/2002, 110/2002, 2/2004,
41/2004, 57/2008, 57/2012), and the Regulation on
the protection of waters against pollution caused
by nitrates from agricultural sources (OFFICIAL
GAazETTE, 113/09, 5/13, 22/15).

Nitrogen is a widely used plant nutrient, which
is essential for the growth and development of a
healthy crop. Excessive application of nitrogen
fertilizers can lead to significant nitrate leaching
out of the root zone, because plant uptake and
microbial immobilization cannot remove the
entire nitrate from the solution (PrarT & ADRIANO,
1973). Nitrate is not actively absorbed by roots and
has a high potential to move downwards. So the
amount of nitrate lost is dependent on the quantity
of nitrate available to be leached. Other factors
affecting nitrate leaching are the precipitation-
intense rainfall events or surplus of water provided
by irrigation, evapotranspiration, drainage, soil
texture, soil porosity, occurrence of preferential
flow paths, etc. (Wu et al.,, 1997; CamEer1a et al., 2003).

Since nitrate is soluble, it has high mobility
and is thus easily leached from the unsaturated
zone (Vinop et al., 2015). So, the spread of
contamination in the aquifer is directly related to
the hydraulic properties of the upper unsaturated
and lower saturated zone (SeLErR & ZoJER, 2001).
In order to solve this problem it is very important
to determine the hydraulic properties of materials
in the unsaturated zone and pollutant transport
through the unsaturated zone. The unsaturated
zone largely controls groundwater recharge by
retaining precipitation, while at the same time
providing preferential flow paths for infiltration
(KerziMiNskA et al., 2014). The determination of
unsaturated zone properties is an important point

to be tackled for an advanced understanding of
hydrological systems. The residence time of water
and its distribution within the aquifer may help
to define the vulnerability of the groundwater
system (ScuwienTEK et al., 2009). Furthermore, it
presents the time span provided for attenuation
processes (dispersion, diffusion, and sorption).
Therefore, it is crucial for scientific studies and
for water resources management to know the
transport characteristics and velocities within the
investigated system (ScHWIENTEK et al., 2009).

Nitrate transport was studied with tracer
experiments using a lysimeter facility in the
SelniSka dobrava aquifer, which lies in the
north-east of Slovenia. The aim of this study
was to describe the nitrate transport processes
in a high-permeable coarse gravel unsaturated
zone by means of a tracing experiment. The
lysimeter was designed on the basis of previous
hydrogeological investigations in the area (MaL1
et al, 2007). A combined tracing experiment
was performed using both deuterated water
and calcium nitrate as fertilizer. Conservative
tracers are necessary to obtain groundwater
transport properties. Deuterated water is known
as a very useful tracer for this purpose (BECKER
& CorrLEN, 2001; MaL! et al., 2007) due to its
conservative behavior. Moreover, deuterated
water is easy to handle, simple to analyse, non-
toxic, and has a reasonable price. Compared to
other groundwater tracers, deuterium shows
the highest degree of conservativeness (LEs
& BeniscHkE, 2004), therefore it was chosen to
study water movement.

The EU WFD (EC, 2000) requires an additional
reduction of nitrate load, which will be very
costly for the agricultural sector. To improve
the groundwater quality status of groundwater
bodies at risk, measures must be taken. For this
purpose, it is necessary to determine the mass
balance of nitrogen from the application to their
occurrence in groundwater. The objective of this
study was to determine the nitrate transport
properties and velocity through the unsaturated
zone of a gravel aquifer Selniska dobrava with a
tracing experiment. One of the aims is to specify
parameters of nitrate transport in coarse gravel
unsaturated zone which will be used to model
nitrate transport in other aquifers with similar
hydrogeological characteristics such as for
example Dravsko polje, which was declared as a
water body at risk due to the presence of nitrate.

Material and methods
Lysimeter area description

The lysimeter is located in the area of the
principal aquifer of SelniSka dobrava, in the
north-east of Slovenia (Fig. 1) (X = 5154641,Y =
5536401 according to Gauss-Kriiger). The main
aquifer SelniSka dobrava can be classified as an
intergranular aquifer of high permeability (MarL1
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et al., 2005; Marr, 2006). The thickest coarse gravel
deposit is estimated at about 50 m. Thickness of
unsaturated zone is specified from 25 to 37 m on
the average. Thickness of the saturated layer along
the aquifer is estimated at 7-14 m, and even more
in the deepest sections (Mar1 et al., 2005; Maui,
2006). The hydraulic conductivity of the coarse
gravel aquifer is estimated to be 5 x 103 m/s
(MaLr & Janza, 2005). The area has a moderate
continental climate of central Slovenia with a
typical continental precipitation regime and an
average annual rainfall between 1200 and 1300
mm. The average annual air temperature lies
between 8 and 12 °C (Marr & Janza, 2005).

The larger area of the lysimeterlocation is covered
by mixed forest. The soil at this location was defined
as distric cambisol (Gosar, 2000). The hydraulic
conductivity of the soil was estimated at 1.5-4.5 x
10 m/s by double ring infiltrometer method (MaL,
2006). The gravel at lysimeter location consists
of metamorphic rock and carbonates (limestone,
marble-sandstone, marble and agglutinated
carbonate gravel). In places, the gravel is incrusted
by calcite. Based on granulometric analyses the
hydraulic conductivity of the coarse gravel was
estimated at 2.9x10-%-6.9 x 102 m/s (MaL1, 2006).

Experimental set-up

The lysimeter site is designed as a field laboratory
(Fig. 2). Dimensions are 2 m x 2 m, 5 m deep, with
walls 0.2 m thick. There are 10 sampling and
measuring points at different depths (from JV-1 to
JV-10) with approximately equal distances by depth.
For groundwater sampling in the unsaturated zone
drainage samplers connected to a water sampling
system were installed (Mars, 2006). A detailed
description of the lysimeter is in previously published
papers (Mat1 et al. 2007; Mart & Ursanc, 2009).

Fig. 1. Study area location
Sl. 1. Obmoc¢je raziskav

Deuterium and nitrate tracing experiment

The tracing experiment was performed in 20%"
of April 2006 after a period of intensive snow
melting. Water and nitrate transport processes
were assessed by a combined tracing experiment
with deuterated water and calcium nitrate
(Ca(NO,),). Deuterium was used as a conservative
tracer of water movement, and Ca(NO,), was used
as a tracer of nitrate in an unsaturated zone. Before
tracer injection, irrigation with groundwater
was performed to reach good field capacity.
1.2 kg of Ca(NO,), and 1000 ml of D,0 (70%)
were dissolved in 50 1 of pumped groundwater
in barrel and injected by sprinkler irrigation.
After injection the tracer was again splashed by
irrigated groundwater. The area of irrigation was
9.5 m? The distribution of the artificial rainfall
was controlled by 10 precipitation measuring
points. The average amount of irrigated water was
50 mm.

Sampling and analytical methods

The §*H values and nitrate concentrations in the
unsaturated zone water were measured monthly
during the period from April 2006 to July 2007.
During the first period, samples were collected at
14-day intervals, and then the sampling period was
extended to one month. All together 36 samplings
were performed.

Measurements for &?°H were carried out
in the laboratory of Joanneum Research
Forschungsgesellschaft mbH, Institute of Water
Resources Management, Hydrogeology and
Geophysics, and chemical analyses of samples for
nitrate were carried out in laboratory of Water
Supply Company Vodovod-Kanalizacija from
Ljubljana.



186

Nina MALI & Anja KOROSA

Fig. 2. Lysimeter cross-section
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Deuterium was measured in continuous flow
mode by chromium reduction using a ceramic
reactor slightly modified from Mozrrison et al.
(2001). A high temperature oven (HEKAtech,
Germany) was fitted with a EuroAS 300 liquid
auto sampler (EuroVector, Italy). The elemental
analyzer (EA) was configured with a Cr packed
reactor held isothermally at 1050 °C. Water
samples contained in 2 ml capacity septa-sealed
vials were placed on the carousel of the liquid auto
sampler which was fitted with a 10pl injection
syringe (SGE Europe). A sequence of one wash
cycle of 3.5 pl volume was carried out for each
sample prior to injection into the Cr reactor.
Water samples were injected into a septa-sealed
injector port. The resulting water vapour was
flushed into the reactor by the carrier helium gas
via a 1-mm-i.d. stainless steel probe extending
into the ceramic reactor tube (ALO,). A sample
size of 1.4 pl of water was used for the analysis.
Water injected into the reactor was reduced by
Cr, resulting in the quantitative conversion to
hydrogen gas according to Eq 1.

2Cr,, +3H,0,=Cr,0, + 3H2(g) (1)

2 2736

The H, generated in the Cr reactor was carried
in the He stream through the GC column to an
open split sampling capillary and into the source
of a Finnigan DELTAP™ continuous flow stable

isotope ratio mass spectrometer.

Nitrate analyses were performed in an
ISO 17025 accredited laboratory by ion
chromatography according to ISO 14911:1998

standard. The apparatus was ion chromatograph
Metrohm MIC-3, Switzerland, controlled by IC
Net 2.3 SR4 software. Calibrations were made by
Merck CertiPUR reference materials, Germany.
QC control samples were purchased from Fluka,
Switzerland. All necessary dilutions were made
with ultra-pure water from the system Easypure
LF, Barnstead/Thermolyne International, USA.The
working range was from 2.2 mg/L to 110 mg/L (as
NO,). Nitrate in the analysis is expressed as NO,-N
concentrations. For evaluation of breakthrough
curves NO,-N concentrations were used.

Evaluation and interpretation of tracing tests

Based on the injection time, the first tracer
appearance time, the time of highest concentration
and the distance between the top of the lysimeter
and the observation point, the fastest flow velocity
and dominant flow velocity were calculated.

For the evaluation of breakthrough curves
from a tracing test we used a best-fit method of
the computer program TRACI’'95 (1998). TRACI'95
was used to estimate the mean flow velocity and
vertical dispersion. For analytical solution, the
one-dimensional convection-dispersion model
with standardizing values for single porosity was
chosen.

0 [ o ;
Cp(xt)= (’; ) (’t] exp ;(PD—’;J @)



Assessment of nitrate transport in the unsaturated (coarse gravel) zone by means of tracing experiment 187

with boundary conditions:

C,(0,0) =%a(t)

C(0,0)=0
C,(x,t)=0

Where C, is the tracer concentration in water,
C, normalized concentration, t, mean transit
time, t time variable, t time after injection
when normalized concentration was observed,
x is the distance between the injection and the
observation point, P is a dispersion parameter,
M is the mass of injected tracer and @ is the

volumetric flow rate.

In the case of the multiple peak phenomena
in breakthrough curves the Multi-Peak-Modus
model was used.

Dispersion parameter P, is related to the
dispersion coefficient by:

D
P =—
Poyx ()
where D is in this case the vertical dispersion
coefficient and v the mean flow velocity.

Because the basis of the analytical best-fit
model is the concentration of tracer (mg/m?),
the %o, 0°H values of results had to be converted.
The mg/l concentrations of *H were calculated
from the slightly modified equation published by
Brcker anp CoprLEN (2001), taking into account
the influence of water density (Marr et al., 2007).

_34.721] 1099+ 0Dysion (4)
1000

Deuterium

conc

Results and discussion

Fig. 3 present breakthrough curves of both
tracers with the precipitation amount for the
entire sampling period. Both tracers were
detected at all ten sampling points. The tracers
occurred shortly after injection, within one day
at almost all points. At some points the highest
values were detected immediately after tracer
injection (JV-1, JV-3, JV-4), and they are most
likely a consequence of intensive irrigation at the
time of injection or contamination. These values
are not taken into account in further processing.
At the first sampling point JV-1 that was the
only peak of breakthrough curve, since which
the values only decreased (Fig. 3). Therefore, this
point is not included in further processing for
determining transport parameters.

The precipitation data shows that several
periods with heavy precipitation occurred
during the tracing experiment (end of May 2006,

in the middle of August and September 2006,
and in February 2007). All these events were
well identified in breakthrough curves of both
tracers. Diagrams show that the high amount
and intensity of precipitation (heavy rain events)
are reflected in some measuring points (JV-5, JV-
6, JV-7, JV-9) and have effect on 0*H values and
nitrate concentrations (Fig. 3), but not equally in
all sampling points.

On the basis of tracing experiment results
for both tracers the fastest and dominant flow
velocities were calculated (Table 1, Table 3).
Based on tracing experiment results, estimations
of the mean flow velocity and vertical dispersion
(Table 1, Table 3) were made by analytical best-
fit method, using a one-dimensional convection-
dispersion model with standardising values for
single porosity. At some sampling points more
breakthrough curve peaks were detected. In these
cases, for the evaluation of tracing experiment
results the Multi-Peak-Modus model was used
(JV-3,JV-5,JV-6,JV-9, and JV-10) (Fig. 4, Fig. 5).

Deuterium

The highest values of deuterium among
all sampling points occurred in JV-1 (4670 %o)
immediately after injection. If we do not take into
account the value of the first day, the maximum
value detected in JV-1 was 1305 %0 and in JV-3
1139 %o. As in JV-3, the highest values in JV-2
(212 %0), JV-4 (659%0) and JV-5 (509 %) were
observed at the end of May, but in a different
order of magnitude. In this period the highest
concentrations were also observed in sampling
points JV-9 (284 %) and JV-10 (175%.) at the
bottom of the lysimeter. In both sampling points
more peaks in the deuterium breakthrough curves
were recorded in August 2006 and February 2007.
The maximum value in JV-6 (159 %o) was detected
in September 2007, while in JV-8 at the end of
November 2007 Finally, there was a maximum
value at sample site JV-7 in February 2007, when
the peaks in JV-9 and JV-10 were last registered.
Different hydrogeological conditions at specific
points result in a various occurrence and height
of peaks at a certain time.

The fastest flow velocity (Table 1) increases
with depth from 0.19 to 0.493 m/day. Due to the
breakthrough of tracer at the time of irrigation,
the fastest flow velocity was not calculated for
JV-1, JV-2 and JV-3. Because of the different
depth position of the sampling points and
because of the detection of tracer at the same
sampling time it seems that velocity increases
with depth. Irrespective of this, it is important
for the estimation of the fastest flow velocity to
assess the probability of fastest pollution effect
on the aquifer through the unsaturated zone.

The dominant flow velocity is related to the
time of the highest concentration (Kaiss, 1998).
The graph of precipitation and &*H values shows
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Fig. 4. Best fit curves for deuterium concentrations (10-* mg/m?).
Sl. 4. Modelirane krivulje koncentracij devterija (10-* mg/m?).

that also the occurrence of the highest 8*H values
coincides with the stronger precipitation event.
The lowest values of dominant velocity occurred
in JV-3 and JV-7 (0.010 m/d). JV-8 has a dominant
flow velocity of 0.015 m/day, and JV-6 of 0.017 m/
day, whereas at other sampling points dominant
flow velocities range from 0.023 to 0.036 m/day
(Table 1).

The best evaluation of the matrix water flow
is the mean flow velocity (Table 1). In Fig. 4 the
modeled best fit curves for estimation of deuterium
mean flow velocity are presented. Through the
entire lysimeter, mean flow velocities based on
0’H values were estimated between 0.002 and
0.029 m/day. In the upper part of the lysimeter
the estimated mean flow velocities were lower
compared to the lower part. To a depth of 1.08 m
they were in the range from 0.002 m/d (JV-2) to
0.006 m/d (JV-3). From the depth of 1.5 m (JV-4) to
the bottom of the lysimeter, the calculated mean
flow velocities were higher, between 0.007-0.029
m/d. The average value of the mean flow velocity
is estimated at 0.012 m/d and corresponds to the
previously published results (Mari, 2006).

The volume of discharge water in the drain
systems was measured as the water volume in the
water collector. During the winter, because of snow
cover and frozen soil, there were no conditions

for water flow in the unsaturated zone. So there
was no outflow water from JV-1 up to including
sampling point JV-7. However, from cumulative
values of outflow water volume (Table 2) we can
evaluate the discharge dynamics. From the initial
injection to 12.7.2007 the outflow volume of the
water at the deepest sampling point was 3951.
The next most productive drain was JV-8 (1671).
The deepest sampling drains discharge more
groundwater from the unsaturated zone (JV-10,
JV-9, and JV-8) than the upper sampling points
(JV-1, JV-2, and JV-3) because of wider recharge
area. In the gravel deposits deeper than 3m (JV-
8, JV-9 and JV-10) vertical water flow exists all
the time so we assume the field capacity was
constantly high. Other points are affected more by
dry conditions during periods of low precipitation
and ground frost.

Tracer recovery was estimated based on outflow
water volume and *H concentrations. Table 2
shows the quantities, percentages of recovered
and injected deuterium tracer by the sampling
points. Until the end of July 2007, 5101 mg of *H
in the outflow water represents 3.64 % of the total
injected tracer. The highest amounts of deuterium
occurred at JV-10, JV-9, and JV-8 (1612mg,
986 mg, and 874mg), which accounts for 32 %,
19 %, and 17 % of the entire recovered tracer
and 0.6-1.1 % of the total injected tracer. In the
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Table 1. Fastest, dominant (dom.) and mean flow velocities (m/s) of deuterium tracer.
Tabela 1. Najhitrejsa, dominantna (dom.) in srednja hitrost toka (m/s) devterijevega sledila.

JV-2 JV-3 JV-4 JV-5 JV-6 JV-7 JV-8 JV-9 JV-10
Distance m 0.820 1.080 1.580 2.040 2.41 2.95 3.4 3.93 4.390
Fastest f. m/d - - 0.190 0.255 0.241 0.295 0.34 0.393 0.439
Dom. f. mid  0.023 0.010 0.036 0.034 0.017 0.01 0.015 0.032 0.029
Mean f.-1 m/d  0.002 0.006 0.010 0.025 0.009 0.01 0.012 0.021 0.015
Mean f.-2 m/d - - - 0.007 - - 0.026 0.029
Mean f.-3 m/d - - - - - - 0.012 0.014
Dispersion-1 mZ%s  0.003 0.002 0.011 0.013 0.005 0.002 0.005 0.066 0.108
Dispersion-2 M’/ . - - 0.002 - - 0.002 0.097
Dispersion-3  m?/s - - - - - - 0.002 0.001

Table 2. Cumulative outflow water volume (1) and recovery amount (%) of deuterium tracer.

Tabela 2. Skupni iztok vode (1) in delez (%) povrnjenega devterijevega sledila.

JV-1 JV-2 JV-3 JV-4 JV-5 JV-6 JV-7 JV-8 JV-9 JV-10  Cumulative
outflow water volume I 7.61 26.39 2891 9522 5336 8279 8076 167.10 153.93 395.09
amount of recovery tracer mg 64.83 9158 10556 371.62 509.09 306.65 178.34 874.28 986.78 1612.64 5101.37
% of recovery tracer amount % 1.27 1.80 2.07 7.29 9.98 6.01 3.50 17.14 19.34 31.60 100.00
% of whole amount of tracer %  0.05 0.07 0.08 0.27 0.36 0.22 0.13 0.62 0.70 1.15 3.64

remaining sampling points tracer recovery values
were between 64 mg and 509 mg accounting for
1.2-10 % of the total recovered tracer and 0.04-
0.4 % of the initial amount of tracer injected.

Nitrate

Like deuterium, also nitrate was detected
at all sampling points. From the breakthrough
curves it appears that the nitrate behaves slightly
differently from deuterium. Fig. 3 indicates that the
nitrate breakthrough curves have several peaks.
This is explained by the dependence on rainfall
and vegetation activity which affects the nitrate
content in the unsaturated zone. Even in zero
sampling, different background concentrations of
nitrate were detected. At lower sampling points,
background concentrations reach also 12-19
mg/l (NO,-N). Thus, in the diagrams the natural
fluctuation of nitrate can be followed as a tracer.
Like for deuterium, the highest concentration of
nitrate was detected at JV-1 (134.4 mg/1 NO,-N) on
the first day, and after that the concentrations fall.
The next high concentration was recorded at JV-3
(51.4 mg/l NO,-N) at the end of May. At that time
the highest nitrate concentrations were reached
also at sampling points JV-2 (13.3 mg/l NO,-N),
JV-4 (31.7 mg/l NO,-N), and JV-5 (27.9 mg/l
NO,-N). At sample sites JV-9 (19.7 mg/1 NO,-N)
and JV-10 (16.6 mg/1 NO,-N) the first peak appears
at that time. The next two peaks followed at these
sites in August 2006 and in February 2007. Nitrate
concentrations at that time were 14.4-14.7 mg/1
NO,-N at JV-9, and 12.4-15.5 mg/l NO,-N at JV-
10. At sampling point JV-6 nitrate concentrations
reach the first peak (20.8 mg/l NO,-N) at the
same time as deuterium reaches its maximum in
September 2006. The next peak was documented
in the end of January 2007 (25.2 mg/l NO,-N). At
sampling site JV-T7 a completely different behavior
of breakthrough curve was detected. In the first

period we perceive a lower curve due to the higher
background concentrations of nitrate. Elevated
levels as a result of the tracer injection occurred
until the end of 2006 and increase to the maximal
recorded concentration of nitrate at JV-7 (28.1
mg/l NO,-N) in April 2007.

Table 3 gives the estimates of water flow
velocity obtained from the nitrate tracing data.
Because the nitrate tracer appears immediately
after injection because of contamination, we do
not give the maximum velocity for JV-2 and JV-
3. The evaluation for the fastest flow velocity of
nitrate is the same as in deuterium at sampling
points JV-4 (0.190 m/d) and JV-5 (0.255 m/d)
(Table 3). At points JV-6 to JV-10 the estimation of
nitrate flow velocity is slightly higher than in case
of deuterium (0.301- 0.549 m/d).

The lowest dominant velocity of nitrate is
determined at sampling points JV-6 and JV-7
(0.009 m/day) (Table 3). The highest dominant flow
velocity, 0.036 m/day, is found at JV-4. Dominant
velocities for other sampling points vary from
0.015 to 0.032 m/day (Table 2).

InTable 3 mean flow velocities for all recognized
peaks of nitrate breakthrough curves are given.The
mean flow velocities based onnitrate concentration
breakthrough curves were estimated by analytical
best-fit method (Fig. 5). For JV-2, JV-3, JV-5, JV-6,
JV-9, and JV-10 the Multi-Peak-Modus model was
used. Up to the depth of 1.08 m (JV-2, JV-3) the
mean flow velocities are estimated at 0.003-0.019
m/d, on average 0.011 m/d. In JV-4 the mean flow
velocity is 0.016 m/s. From sampling point JV-5
to JV-8 the mean flow velocities range between
0.008-0.12 m/d, on average 0.010 m/d. The highest
mean flow velocities were calculated in the lower
part of the lysimeter at JV-9 and JV-10. Tracer is
moving between 0.014-0.197 m/d. Not considering



Assessment of nitrate transport in the unsaturated (coarse gravel) zone by means of tracing experiment 191

Table 3. Fastest, dominant (dom.) and mean flow velocities (m/s) of nitrate.

Tabela 3.Najhitrej$a, dominantna (dom.) in srednja hitrost (m/s) toka nitrata.

JV-2 JV-3 JV-4 JV-5 JV-6 JV-7 JV-8 JV-9 JV-10
Distance m 0.82 1.08 1.58 2.04 2.41 2.95 3.4 3.93 4.39
Fastest f. m/d - - 0.19 0.255 0.301 0.369 0.425 0.491 0.549
Dom. f. m/d 0.02 0.026 0.036 0.032 0.009 0.009 0.015 0.028 0.023
Mean f.-1 m/d 0.019 0.019 0.016 0.01 0.011 0.008 0.012 0.117 0.197
Mean f.-2 m/d 0.003 0.004 - 0.01 0.009 - - 0.03 0.015
Mean f.-3 m/d - - - - - - - 0.014
Dispersion-1 m?/s 0.003 0.003 0.024 0.016 0.003 0.000 0.006 0.019 0.051
Dispersion-2 m?/s 0 0 - 0.016 0 - - 0.005 0.001
Dispersion-3 m?/s - - - - - - - 0.001 -

Table 4. Cumulative outflow water volume (1) and recovery amount (%) of nitrate tracer.

Tabela 4. Skupni iztok vode (1) in delez (%) povrnjenega nitratnega sledila.

JV-1 JV-2 JV-3 JV-4

JV-§ JV-6 JV-7 JV-8 JV-9 JV-10 Cumulative

outflow water volume | 7.61 26.39 28.91 95.22
503.40
% of recovery tracer amount % 0.98 1.25 213 10.48

amount of recovery tracer mg 46.87 59.61 102.19

% of whole amount of tracer % 0.02 0.03 0.05 0.25

5336 8279  80.76 167.10 153.93 395.09

607.87 360.45 289.05 96545 725.18 1144.20 4804.27
12.65 7.50 6.02 20.10 15.09  23.82 100.00
0.30 0.18 0.14 0.47 0.35 0.56 2.35

the highest estimated mean flow velocities at
JV-9 and JV-10, the average mean flow velocity is
estimated at 0.013 m/d. We anticipate that these
unrealistically high concentrations of first peak
occurred due to high background concentrations.

Tracer recovery was estimated based on the
outflow water volume and nitrate concentrations.
Table 4 shows the quantities, percentages of
recovered and injected tracer by the sampling
points. Until the end of the tracing experiment
(July 2007) 4804 mg of NO,-N drained through the
sampling system in the lysimeter, which is 2.35 %
of the total injected tracer. The highest amounts of
recovered nitrate were recorded at JV-8 and JV-
10, 1144 mg and 965 mg NO,-N, which accounts
for 24 % and 20 % of the entire recovered tracer
and 0.47-0.56 % of the total injewcted tracer. In
the remaining sampling points tracer recovery
concentrations were between 47 mg and 725 mg
NO,-N accounting for 0.98-15.09 % of the total
recovered tracer and 0.02-0.35 % of the initial
amount of tracer injected.

Discussion

A comparison of the deuterium and nitrate
breakthrough curves shows that the results of
deuterium and nitrate tracers give a similar
distribution (Fig. 3). At sampling points JV-1, JV-
5, JV-8, JV-9 and JV-10 breakthrough curves of
deuterium and nitrate tracer have the same shape
at the same time. A maximum concentration of
nitrate at sampling points JV-4 and JV-5 coincides
with the first higher increase in deuterium values
during a period of high precipitation.

From the calculations of the fastest and
dominant velocities for both tracers (Table 1
and Table 3), we can see that the results are
comparable. The fastest average flow of nitrate in

the unsaturated zone is estimated at 0.369 (0.019-
0.549) m/day, and of deuterium 0.308 (0.019-0.439)
m/day. An estimate of the strongest impact of
pollution can be made on the basis of the dominant
flow, which is calculated on the basis of the
occurrence of the highest tracer concentrations.
The dominant flow in the unsaturated zone for
nitrate is estimated at 0.022 (0.009-0.036) m/day,
and for deuterium at 0.023 (0.01-0.036) m/day. The
highest values of the dominant flow were assessed
in the middle of the lysimeter at sampling sites
JV-4 and JV-5, where the highest concentrations
were achieved between 40 and 50 days from the
beginning of the experiment. At the bottom of
the lysimeter the highest concentrations occurred
between 230 and 313 days.

The long-term impact of pollution is estimated
on the basis of the mean flow velocity (Kass, 1998).
This is the velocity which determines the transfer
of most of the tracer. The mean flow velocity
calculations of both tracers show some differences
(Table 1, Table 3). In breakthrough curves of
nitrate several peaks could be recognized (Fig.
5), while the deuterium breakthrough curves are
more homogeneous, with one peak (Fig. 4). The
phenomenon is the consequence of the presence
of nitrate in the natural environment of the
lysimeter. The content of nitrate in the soil and in
the unsaturated zone is linked to the vegetation
activity in relation to the use of nitrogen in
various stages of plant growth. Background levels
of nitrate have an impact on an indicated nitrate
concentration during the tracer experiment. As a
result, the calculated mean flow velocities of nitrate
are slightly higher than of deuterium. Given the
fact that deuterium is the ideal tracer, according to
the results of individual peaks analysis and taking
into account background nitrate concentrations,
it can be concluded that the retention times of
both tracers are comparable. The estimation of
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Fig. 5. Best fit curves for nitrate concentrations (10-* mg/m?)
Sl. 5. Modelirane krivulje koncentracij nitrata (10-* mg/m?)

the mean flow velocity for nitrate in coarse gravel
unsaturated zone (the hydraulic conductivity
2.9x1073-6.9x10"2 m/s) is 0.0013 m/d.

The nitrate flow velocity in the unsaturated
zone is important for assessing the impact of
nitrogen excess from agriculture on groundwater.
The problem is exceeded threshold nitrate
concentrations at some places. The results of
tracing experiment will be used in further
modeling of nitrate transport in order to identify
measures to improve groundwater quality status.
Based on our results, some conclusions about
transport of nitrate in Selniska dobrava can be
made. The thickness of the unsaturated zone on
lysimeter location reaches 27.5 m. If it is assumed
that the ground water level is 27.5, average first speed
of nitrate is 0.369 m/d the first contamination can
reach the water in 74 days. Based on the average
dominant flow velocity (0.022 m/d) the percolation
time is 3.42 years. When the estimated mean flow
velocity is 0.013 m/d, the time of pollution arrival
is estimated at 5.80 years.

Conclusions

The aim of the tracing experiment in a
lysimeter was to determine the characteristics
of nitrate transport in the unsaturated zone. The
results revealed that nitrate travels with almost

the same dynamics as deuterium, which is used
as a conservative tracer. The differences in results
between individual points show local differences
in the structure of the unsaturated zone, which
affects different flow properties. Some differences
between the two tracers’ breakthrough curves
were recognized. At the same sampling sites the
nitrate breakthrough curves have more peaks. The
phenomenon is the consequence of the presence
of nitrate in the natural environment of the
lysimeter. The content of nitrate in the soil and in
the unsaturated zone is linked to the vegetation
activity in relation to the use of nitrogen in
various stages of plant growth. Background levels
of nitrate have an impact on an indicated nitrate
concentration during the tracer experiment.

Based on the results of the tracer experiment,
the characteristics of nitrate flow dynamics
through the coarse gravel unsaturated zone with
a hydraulic conductivity in the range of 2.9x10-3
- 6.9x10%2 m/s were estimated. The evaluation for
the fastest flow velocity of nitrate is 0.190-0.549
m/d, on average 0.369 m/d. The dominant flow
of nitrate in the unsaturated zone is estimated
at 0.022 (0.009-0.036) m/day. Calculations of
the fastest and dominant velocities for both
tracers are comparable, while the calculated
mean flow velocities of nitrate are slightly higher
than those of deuterium. Given the fact that
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deuterium is the ideal tracer, according to the
results of individual peaks analysis and taking
into account background nitrate concentrations,
it can be concluded that the retention times of
both tracers are comparable. The estimation of
the mean flow velocity for nitrate in our case is
0.013 m/d.

The purpose of determining the movement
of nitrate through the unsaturated zone is
also to assess the impact of nitrate pollution
from agriculture on groundwater. If we assume
an average thickness of the coarse gravel
unsaturated zone at 27.5 m with a conductivity
of about 5 x 10 m/s, as is the case in Selniski
dobrava, we come to the following assessment of
nitrate pollution movement:

- At an average fastest flow of 0.369 m/d,

pollution reaches the groundwater level in 74

days.

- With the thickness of the unsaturated zone
and the dominant velocity of 0.022 m/d, the
percolation time is estimated at 3.42 years.

- The mean flow velocity in the matrix flow was
estimated at 0.013 m/d. The mean residence
time is estimated at 5.80 years.

The tracing experiment has again proved to be a
very useful tool to assess the behavior of nitrate as
the selected pollutant in the unsaturated zone. On
the basis of the determined range of nitrate flow
properties, the estimation of pollution influence
on aquifer and groundwater measures can be
provided. The results of tracing experiment will
be used in further modelling of nitrate transport
in order to identify measures for groundwater
quality status improvement.
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Izvleéek

Okolica Komna na Trzasko-komenski planoti je ze dve stoletji znano najdis¢e krednih vretencarjev. Med
njimi prevladujejo ribe kostnice, ki so posebej pogoste v Komenskem apnencu Povirske formacije. Iz plosc¢astih
apnencev prihaja nova najdba primerka majhne ribe Protriacanthus gortanii, ki je bila prvi¢ opisana ravno iz
teh plasti. Riba ima znacilno morfologijo z mo¢nimi bodicami plavutnic na hrbtni in trebusni strani. Najdba
predstavlja verjetno ze deveti raziskani primerek iz stratigrafsko dobro opredeljenega najdisc¢a na Trzasko-
komenski planoti.

Abstract

Surroundings of Komen on Trieste-Komen Plateau are known more than two centuries as Cretaceous vertebrates
site. Most frequent finds are of teleostei fishes in Komen Limestone within the Povir Formation. From platy and
laminated limestone a new specimen of Protriacanthus gortanii is described. The new specimen has a characteristic
morphology with strong dorsal and pelvic fin spines. The new find of Protriacanthus gortanii is probably the ninth

specimen discovered so far, but it is only one with a well established stratigraphic position.

Uvod

Kredne ribe iz okolice Komna so znane ze od
prve polovice 19. stoletja, o cemer pri¢ajo nekateri
zapisi v takratnih ¢asopisih (Carricaris et al., 1994;
Kri1znar, 2013). Kredne vretencarje (predvsem ribe
in morske plazilce) iz okolice Komna so raziskovali
zlasti HEckeL (1850), STEINDACHNER (1860), KNER
(1867), Bassant (1882), GorjaNOVIC-KRAMBERGER
(1895) in D'Erasmo (1946). V zadnjih desetletjih
so kredno ribjo favno proucevali in omenjali
tudi Carvricar:s (1992), Cavin s sodelavei (2000) in
KRrizNar (2014).

Zdruzbe fosilnih rib in drugih fosilov Trzasko-
komenske planote se pojavljajo v razlicno starih
plasteh, ¢eprav so si nekateri faciesi litolosko zelo
podobni (Cavin et al., 2000; JurkovSEK et al., 2013).
V Komenskem apnencu Povirske formacije so
ostanki rib ponekod pogosti. Iz teh plosc¢astih in
bituminoznih apnencev z rozenci izhaja tudi novi
ostanek Protriacanthus gortanii.

Komenski apnenec (Povirska Formacija) in
paleontoloska vsebina

Med kamninami Povirske formacije se
pojavljajo tudi razliéno debeli vlozki Komenskega
apnenca (JurkovSsEk et al.,, 2013; Pavrct et al,
2008), ki ga predstavljajo predvsem ploscasti
apnenci z rozenci (sl. 1). Starost Komenskega
apnenca je cenomanijska (JUrRkovSEK et al., 2013).
Med mikrofosili se v Povirski formaciji pojavlja
biostratigrafsko pomembna Broeckina (Pastrikella)
balcanica Cherchi, Radoi¢i¢ & Schroeder. Predvsem
so iz Komenskega apnenca znane fosilne ribe
Belonostomus lesinaensis Bassani, Chirocentrites
coroninii Heckel, Chirocentrites microdon Heckel,
Sauroramphus freyeri Heckel, Coelodus saturnus
Heckel, nekatere druge pikdontne ribe ter mnoge
druge (CaLrLigaris, 1992; Cavin et al., 2000). Pregled
ribje favne iz Komenskega apnenca so prikazali
tudi Pavrcr s sodelavei (2008), kjer prikazujejo okoli
trideset rodov, ki se pojavljajo v najdis¢ih okoli
Komna. Poleg ostankov vretencéarjev se v plos¢astih
apnencih Povirske formacije pojavljajo tudi
rastlinski ostanki (JurkovSEek et al., 2013) in redkejsi
fosili nevretencarjev, tudi morske zvezde (KRriZNAR et
al,, 2008). Cenomanijsko starost Povirske formacije
opredeljuje tudi pojavljanje Skoljk Chondrodonta
joannae (Choffat) (JurkovSEexk et al, 2013).
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Paleontoloski del
Sistematika po: TYLER & SorBINI, 1996

Classis Actinopterygii Klein, 1885
Ordo Tetraodontiformes Berg, 1940
Superfamilia Plectocretacicoidea Tyler &
Sorbini, 1996
Familia Protriacanthidae TyLER & SorBini, 1996

Genus Protriacanthus D'Erasmo, 1946

Za ribe rodu Protriacanthus je znacilna ena
mocéna in druga Sibkejsa hrbtna (dorzalna) bodica.
Se daljSe so bodice na trebusni plavutnici. Rod
Protriacanthus je poznan le iz najdis¢ v okolici
Komna.D'Erasmo (1946) je nov rod opisal na osnovi
enega primerka (sl. 2). Dodatnih sedem primerkov
rodu sta opisala SorBint & GuiporTI (1984) (sl. 2).
Rod Protriacanthus sta TyLErR & SorsiNt (1996)

pripisala novi druzini Protriacanthidae in opravila
tudi revizijo vrst iz te druZine.

Protriacanthus gortanii D'Erasmo, 1946
(Tabla 1, a-e / Plate 1, a-e)

1946 Protriacanthus gortanii n. gen. et n. sp. —
D'Erasmo, 116-117, fig. 31-33.

1984 Protriacanthus gortanii d'Erasmo, 1946 —
SoreINT & GUIDOTTI, 247-263, fig. 1-4.

1996 Protriacanthus gortanii d'Erasmo, 1946 —
TYLER & SoRBINI, 27-36, fig. 18-24.

Material: Primerek na kamniti plos¢ (tabela 1),
ki je nekoliko poskodovan zaradi izpostavljenosti
vremenskim vplivom. Ohranjen je velik del telesa
z glavo. Primerek (brez evidenéne Stevilke) je
shranjen v zasebni paleontoloski zbirki Damjana
Jensterleta (Bled, Slovenija).

ep— i\:ﬂ S
. SP.G

Sl. 2. Protriacanthus gortanii D'Erasmo, 1946. Levo: Risba holotipa (po D'Erasmo, 1946). Desno: Delna rekonstrukcija vrste (po

TvYLER & SORBINI, 1996)

Fig. 2. Protriacanthus gortanii D'Erasmo, 1946. Left: drawing of holotype specimen (from D'Erasmo, 1946). Right: Reconstruction

of the species (from TyLER & SorBinI, 1996)
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Tabela 1. Primerjava nekaterih dimenzij (kostnih elementov) pri primerkih Protriacanthus gortanii. '‘Dimenzije povzete po TYLER

& SorsINI (1996, str. 35, Tab. 2).

Table 1. Comparison of dimensions (of some bones) of specimens Protriacanthus gortanii. '‘Measurements after TYLER & SORBINI

(1996, p. 35, Tab. 2).

- - Dolzina trebusne Dolzina 1. hrbtne
o . Dolzina telesa / Visina telesa / . .
znake primerkov / S plavuti / bodice /
. tandard length (SL) Body depth S « e
specimens Pelvic-spine length 1t dorsal-spine length
mm mm
mm mm
1 h"l}’]?]g éI;;)F:UB 20,5 7,6 7,9 4,9
2 MCSNV T919* 18 6,9 7,3 44
3 MCSNV T916* 16 6 .7 5,3
4 MCSNV T913! 14,5 6 6,8 3,9
5 MCSNV T915* 14 5,7
6 MCSNV T914! 13 49 5,5
7 MCSNV T918* 12 44 4,7
Nov primerek
8 (v tem delu) 13,2 5,3 5,2 2,35
New specimen
(this work)

Najdisce: Najdisce lezi ob cesti med Komnom
in Skrbino, zahodno od naselja Jablanec,
priblizno 1,2 km severno od Komna. Ob cesti
je vecji vsek, kjer so razkriti ploscasti apnenci
z redkimi vlozki rozencev (sl. 3). Najdisce je
zastiteno kot mnaravna vrednota drzavnega
pomena. Na najdiséu, na povrSini kamnitih
ploséic, so bili odkriti tudi drugi ostanki fosilnih
rib iz druZin Pycnodontidae (zobje) in Dercetidae
(ostanki glave) ter najpogostejSih ostankov
redu Clupeiformes (verjetno iz rodu Clupavus
Arambourg), ki Se niso bili raziskani.

Opis primerka: Dolzina (SL) ohranjenega
primerka je 13,2 mm, viSina telesa je priblizno 5,3
mm. Na zgornjem delu je ohranjena prva bodica
hrbtne plavuti. Dolzina bodice je 2,34 mm (tab.
1, sl. d). Telo primerka je v osrednjem delu telesa
pokrito s ploS¢icami (okostenele luske). Glava

je mo¢no poskodovana oziroma je razloten le
frontalni del (tab. 1, sl. a) in parafenoid pri oc¢esni
odprtini. Ostali znaki so nerazlo¢ni. V spodnjem
delu primerka je ohranjena moéna bodica (PS)
trebusne plavuti (tab. 1, sl. e). Dolzina bodice
trebusne plavutnice je 5,2 mm. Od vretenca (Ver)
sta razlocni le dve, verjetno PU4 in PU3 (po TyLER
& SorBINI, 1996) in nerazlo¢ne kosti repne plavuti
(tab. 1, sl. ).

Primerjava: Nekoliko slabsa ohranjenost
primerka Se vedno dovoljuje primerjavo z
ostalimi. Glede na ostale opisane primerke
Protriacanthus gortanii, ki jih podajata TYLER
& SorsInt v tabeli 2 (1996, str. 35) se primerek
najbolje ujema s primerkom MCSNV T914. Sicer
pa tudi razmerja (dolzina telesa, viSina telesa,
dolzina hrbtne bodice) pri ostalih primerkih
sovpadajo (tabela 1).

R B - Komenski apnenec |
@ Temnica ‘ (Povirska formacija) | a
—_— -~ > X\ Komen Limestone |
T Skrbina o (Povir Formation) '
}(OTen Tomagevica™
D (] \ Kobjeglava.
7 "_@Gabrovica.
@ Gorjansko . <
Vol&ji Srad )
2 km
I

Sl. 3. Polozaj najdis¢a (oznacen z zvezdico) in razsirjenost Komenskega apnenca (a) (prirejeno po JURKOVSEK et al., 2013). Najdisce

ob cestnem useku med Komnom in Skrbino (b).

Fig. 3. Locality map showing the outcrop of Komen Limestone (a) (adapted from Jurkovsex et al., 2013), fossil site is marked with

asterisk. Outcrop at locality on road Komen — Skrbina (b).
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Geografska in stratigrafska razSirjenost:
Vrsta Protriacanthus gortanii je do sedaj
poznana le iz najdis¢ na Krasu (Slovenija).
D'Erasmo (1946) in SorBint & GUIDOTTI omenjajo
kot najdisca primerkov le okolico Komna, brez
natané¢nih lokacij. TvyLER & Sorsint (1996), ki
sta taksonomsko ponovno raziskala primerke
stratigrafsko uvrSc¢ata primerke v zgornji
cenomanij do spodnji turonij. Nas primerek izhaja
iz Komenskega apnenca (Povirska formacija)
zgornje cenomanijske starosti (Parct et al., 2008;
JURKOVSEK et al., 2013).

Zakljucki

Iz Komenskega apnenca Povirske formacije
je opisan Se en primerek ribe Protriacanthus
gortanii. Primerek je tudi edini z znano natanéno
stratigrafsko pozicijo, v primerjavi z ostalimi
primerki (osem primerkov iz muzejskih zbirk),
ki so jih predstavili D'Erasmo (1946), SorBINT &
Gumortt (1984) in pri reviziji vrste tudi TyrLErR &
SorsINT (1996). Nas primerek se morfoloSko dobro
ujema s preostalimi primerki, kljub nekoliko
slabs$i ohranjenosti.Vrsta Protriacanthus gortanii
se verjetno pojavlja le v cenomanijskih plasteh v
okolici Komna.

Zahvala

Zahvaljujem se dr. Jamesu C. Tyleru (National
Museum of Natural History, Smithsonian Institution)
za posredovanje nekaterih literarnih virov in opombe
ob pregledu slikovnega gradiva. Zahvaljujem se tudi dr.
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pomo¢ pri fotografiranju primerka pod elektronskim
mikroskopom.

New specimen of Protriacanthus gortanii D'"Erasmo,
1946 (Protriacanthidae, Tetraodontiformes) from the
Upper Cretaceous beds near Komen (Slovenia)

Extended summary

From Upper Cretaceous beds near Komen
on Trieste-Komen Plateau (Slovenia) a new
specimen of Protriacanthus gortanii is described.
The specimen (stored in a private collection of
D. Jensterle, Bled) is the first with a documented
stratigraphic position and it derives from the
Komen Limestone within the Povir Formation
(Upper Cenomanian age) (Fig. 1). Fossil site
(outcrop) of the new specimen is the road cut
between Komen and Skrbina village in platy and
laminated limestone (Fig. 3). Some other fossil
fishes from Pycnodontidae and Dercetidae family
and additional numerous disarticulated specimens
of Clupeiformes fishes (probable genus Clupavus)
were collected from the same beds.

Preservation of the new specimen is
moderately good (PI. 1), with missing caudal-fin
region. Specimen length (SL) is 13.2 mm, with
body depth 5.3 mm. On head the frontal region
bones and parasphenoid bone are disctinctive
(jaws and rostral bones are absent). The carapace
scale plates are preserved in the middle part of
specimen. The first dorsal spine and pelvic spines
are disctinctive. Only tree vertebrae are visible.

The new find of Protriacanthus gortanii is
probable the ninth specimen discovered. This
species is present only on the Trieste-Komen
Plateau (Slovenia) and is stratigraphically limited
to platy and laminated limestone of the Komen
Limestone (Povir Formation).

TABLA 1 -PLATE 1

Protriacanthus gortanii, Komen — Skrbina, Komenski apnenec (Povirska formacija).

a — Primerek na kamnini. Merilo 5 mm.
b — risba primerka iz slike a. Merilo 5 mm.

¢ — vretenca na zadnjem delu primerka. Merilo 500 pm.*

d - prva bodica hrbtne plavuti. Merilo 500 pm.*

e — vrhnji del bodice trebusne plavuti. Merilo 500 pm.*

Okrajsave: DS —bodica hrbtne plavuti, F — frontalni del glave, PS — bodica trebusne plavuti,Ver — vretenca.
*Fotografije narejene na SEM JEOL JSM 6490LV, Geoloski zavod Slovenije.

Protriacanthus gortanii, Komen — Skrbina, Komen Limestone (Povir Formation).

a — Specimen on matrix. Scale bar 5 mm.
b — Drawing of specimen from a. Scale bar 5 mm.

¢ —Vertebrae (Ver) on posterior part of specimen. Scale bar 500 pm.*

d - First dorsal spine. Scale bar 500 pm.*
e — Pelvic spine. Scale bar 500 pm.*

Abbreviations: DS - Dorsal spine, F — Frontal, PS — Pelvic spine, Ver —Vertebrae.
*Photo by JEOL JSM 6490LV scanning electron microscope (SEM), Geological Survey of Slovenia)
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Nove najdbe rakovice Styrioplax exiguus Glaessner, 1928
(Decapoda, Brachyura) v miocenskih plasteh okolice Maribora
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Izvleéek

V ¢lanku predstavljamonove najdberakovice Styrioplax exiguus Glaessner, 1928, ki dopolnjujejo nase poznavanje
paleogeografske in stratigrafske razSirjenosti te zanimive paratetidne vrste. Opisani so primerki s treh najdis¢ v
miocenskih plasteh Slovenskih goric v neposredni blizini Maribora. S preiskavami fosilne kalcitne nanoflore smo
dolo¢ili srednjemiocensko starost plasti, ki so se odlozile v globjemorskem okolju Centralne Paratetide.

Abstract

In this paper we report new specimens of an interesting Paratethyan decapod Styrioplax exiguus Glaessner,
1928, which extend the known palaeogeographic and stratigraphic distribution of the species. The described
specimens originate from three different localities from Miocene beds in the Slovenske gorice, in the vicinity of
Maribor. By analysing the fossil nannoplankton assemblages we were able to determine a Middle Miocene age of

these deep water beds of the Central Paratethys.
Uvod

Najdb celih in dolo¢ljivih ostankov fosilnih
rakovic je na podro¢ju danasSnje Slovenije
razmeroma malo. Najve¢ tovrstnih fosilnih
ostankov v Sloveniji najdemo v eocenskih plasteh
Istre (Pavioviec & Pavsie, 1985; Mikuz, 2010a) in
miocenskih plasteh okolice Kamnika in Zasavja
(KRr1zNAR, 2006; Kr1ZNAR & PREISINGER, 2008; MIKUZ,
2010b; Mikuz & Pavsic, 2003). Iz miocenskih plasti
slovenskega dela Stajerskega bazena Paratetide
imamo do sedaj podatke o redkih posameznih
najdbah fosilnih rakovic (GLAESSNER, 1928;
Mikuz, 2003), o bogati zdruzbi fosilnih rakov
deseteronozcev iz spodnjemiocenskih plasti
nahajalis¢a Cinzat na severnem pobocju Pohorja
pa sta porocala Gaspari¢ in Hyzny. (2015).

_ Graessner (1928) je iz nahajalis¢ St. Egidij
(Sentilj) in St. Leonard (Lenart) prvi¢ opisal
vrsto majhne rakovice Microplax exiguus.
Posamezne primerke te vrste poznamo tudi iz
globjemorskih spodnjemiocenskih (karpatijskih)
plasti nahajalis¢a Cerova - Lieskove na Slovaskem
(Hyzny & ScuLOGL, 2011), preko 70 primerkov pa
je bilo pred kratkim opisanih tudi iz miocenskih

plasti karpatijske starosti na nahajalis¢u Cinzat
na severnem poboc¢ju Pohorja (Gasparic & Hyzny,
2015), ki so se prav tako usedale v globjemorskem
okolju.

V pricujocem ¢lanku predstavljamo nove
najdbe rakovic vrste Styrioplax exiguus Glaessner,
1928, z dveh Se neopisanih najdis¢ (Meljski hrib in
Maleénik) v okolici Maribora, in Se nepredstavljen
primerek (inv. §t. LMJ 5749) iz Glaessnerjeve
zbirke, ki je bil najden pri Jarenini v Slovenskih
goricah, in ga hranijo v avstrijskem Univerzalnem
muzeju Joanneum v Gradcu. Plasti z ostanki
rakovic na najdisc¢ih Meljski hrib in Male¢nik smo
vzor¢ili tudi za pregled kalcitne nanofiore.

Geoloska zgradba okolice najdis¢

Na povrsju Slovenskih goric izdanjajo predvsem
miocenske, pliocenske in kvartarne kamnine
(ZNIDARCIC & Mioc, 1989; Mikuz & GASPARIC, 2014).
Miocenske plasti v okolici omenjenih novih najdisé¢
rakovic so sestavljene iz laporjev, sljudnatih
meljevcev in redkih vmesnih plasti pesc¢enjakov in
konglomeratov (Zniparcic & Mioc¢, 1989).
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Sl. 1. Poenostavljena geoloska skica (po Mio¢ & ZNIDARCIC, 1977; ZNIDARCIC & Mioc, 1989) in geografski polozaj nahajalis¢ rakovice
Styrioplax exiguus. 1 — Sentilj, 2 — Lenart v Slovenskih goricah, 3 — Jarenina, 4 — Cinzat na Pohorju, 5 — Meljski hrib, 6— Male¢nik.

Fig. 1. Simplified geological sketch (after Mioc & ZNIDARCIC, 1977; ZNIDARCIC Mioc, 1989) and sites of fossil specimens of decapod
Styrioplax exiguus. 1 — Sentilj, 2 — Lenart v Slovenskih goricah, 3 — Jarenina, 4 — Cinzat na Pohorju, 5 — Meljski hrib, 6 — Male¢nik.

Strukturno pripadajo Slovenske gorice
Panonskemu bazenu (Pracer, 1999), v ozjem
smislu pa k tektonski enoti Slovenskih goric
(Pavsic & Horvar, 2009). Miocenske plasti na obeh
novih najdis¢ih so se odlagale v jugozahodnem
delu Stajerskega bazena, ki je predstavljal del
Centralne Paratetide. V spodn]em delu srednjega
miocena (badenija) je Centralna Paratetida
dosegla svoj najve¢ji obseg in se je povezovala
preko t. i. slovenskega koridorja na jugozahodu
z Mediteranom in preko Vzhodne Paratetide z
Indijskim in Tihim oceanom (RocrL, 1999; BarTor,
2009).

Ekstenzijska tektonika, ki je povzrocila lokalno
pogrezanje manjsSih sedimentacijskih bazenov
in transgresija morja v spodnjebadenijskem
globalnem evstati¢cnem ciklu TB2.3 (Kovac et al,,
2007) (sl. 2), pa sta omogocila nastanek globokih
bazenov in mocan dotok klasti¢cnega materiala z
blizjih kopnih predelov (JELEN in RireLJ, 2002).

Novi primerki rakovic so bili najdeni v sivih
meljevcih Slovenskih goric, severovzhodno od
Maribora, na najdis¢ih Meljski hrib (46°33'38"'N,
15°40'33"'E) in Male¢nik (46°33'26''N, 15°42'05"'E)
(sl. 1).

Na SirSem obravnavanem obmoéju je
Ruavec (1976, 1978) dolocila spodnjebadenijsko
foraminiferno biocono Praeorbulina-Orbulina
saturalis. Spodnjebadenijska foraminiferna favna

je znacilna za globokomorsko sedimentacijsko
okolje, najve¢ja paleobatimetrija (globina okoli
1000 m) je korelirana s prej omenjeno transgresijo
morja v ciklu TB2.3 (RireLs & JeLEN, 2001).

Paleontoloski del

Sistematika povzeta po: Nc et al. (2008) in DE
Grave et al. (2009).

Infraorder BRACHYURA Linnaeus, 1758
Superfamily GONEPLACOIDEA MacLeay, 1838
Family CHASMOCARCINIDAE Seréne, 1964
Subfamily CHASMOCARCININAE Seréne, 1964

Genus Styrioplax Glaessner, 1969

Styrioplax exiguus (Glaessner, 1928)
Sl 4,1-7

v*1928 Microplax exiguus Glaessner, 1928, GLAESSNER,
195, tabla 3, slike 14, 14a; tekst - slika 8.

1929 Microplax exiguus Glaessner; GLAESSNER,
258.

1969 Styrioplax exiguus (Glaessner); GLAESSNER,
R527, slika 335/2.

2003 Styrioplax exiguus (Glaessner);
in Karo, 145.

2011 Styrioplax exiguus (Glaessner); Hyzny in
ScHLOGL, 338, slike 12-15.

2015 Styrioplax exiguus (Glaessner); GASPARIC in
Hyzny, 149, slike 10-12.

Karasawa
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Material: Primerek RGA/SMNH 1676 iz  viSini okoli 100 m. Primerek rakovice je bil najden

najdiséa Meljski hrib pri Mariboru predstavlja
odtis trebusne strani rakovice, povezan s
pripadajo¢imi okonc¢inami. Dva primerka sta bila
najdena tudi na nekaj kilometrov oddaljenem
najdiséu Male¢nik: primerek RGA/SMNH 1135
predstavlja ostanek notranjega odtisa hrbtnega
oklepa in del trebuSne strani istega osebka,
primerek RGA/SMNH 1136 / 1140 (odtis / jedro)
pa sta polovici istega primerka, na katerem je
ohranjen oklep z ostanki okon¢in.Vse tri primerke
je nasel avtor ¢lanka. Prikamnina je temnorjav
sljudnat meljevec.

Fosilni ostanki so v drobnozrnatih meljastih
in lapornatih plasteh obeh najdiséih dobro
ohranjeni. Oklepi opisanih rakovic so povezani z
okonc¢inami in kazejo na minimalen transport po
smrti ter na hitro stopnjo sedimentacije. Nekateri
ostanki so delno razpadli, vendar ohranjeni
skupaj. Pri primerku RGA/SMNH 1135 lahko
opazimo obe polovici oklepa (hrbtno in trebusno)
razprti in loceni, vendar pa v tem primeru to ni
posledica transporta, ampak znacilen primer
levitve rakovice.

Najdisée: Najdisce Meljski hrib je poznano po
Stevilnih fosilnih ostankih miocenske makrofavne in
kosih fosilnega lesa, ki jih je moc¢ najti v teh plasteh.
Srednjemiocenske plasti se na severovzhodnem
delu mesta Maribor ob male¢niSkem mostu strmo
dvigajo nad reko Dravo in v profilu izdanjajo v

v spodnjem delu profila, kjer izdanjajo plasti
meljevca, sive do temnorjave barve, v katerih so
tudi lece pescenjakov.V teh plasteh so makrofosilni
ostankiredki,zasledili smo le Seredke ostanke §karij
kalianasidnih rakov rovcev in pogoste bioturbacije.
ViSje na najdiS¢u prehajajo v trSe, svetlosive
apnenceve laporovce, v katerih so pogosti ostanki
Skoljk (Mikuz & GaSPARIC, 2014), nekaj centimetrov
veliki ostanki iregularnih morskih jezkov iz
druzine Shizasteridae in vecji kosi okamenelega
lesa.V najviSjem delu profila izdanjajo svetlo rjavi
do rumeni apnencevi laporovei, v katerih so pogosti
ostanki kacjerepov (Mikuz & GASPARIC, 2014).

Le 1500 m vzhodno od Meljskega hriba lezi
najdiS¢e Malec¢nik, kjer so pri kmetijskih delih
spomladi leta 2013 ob urejanju vinograda v blizini
malec¢niske cerkve razkrili temno sive sljudnate
meljevce, ki so litolosko enaki kot bazalne plasti
najdis¢a Meljski hrib. Na najdis¢u Malecnik, ki
smo ga spomladi leta 2013 veckrat obiskali, so
poleg dveh primerkov rakovice Styrioplax exiguus
najdeni redki ostanki iregularnih morskih jezkov
iz druzine Shizasteridae.

Vsi fosilni ostanki so zaradi velikega
kompakcijskega indeksa meljastih sedimentov zelo
stisnjeni, vendar nedeformirani. Kalcitne lupine
mehkuzcev in kalcitno - hitinska povrhnjica skeleta
deseteronozcev niso ohranjeni, vsi fosilni ostanki so
ohranjeni le kot kamena jedra oz. odtisi v kamnini.
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Sl. 3. Styrioplax exiguus
(GLAESSNER, 1928), rekon-
strukcija. A - hrbtna stran
oklepa; B —trebusna stran
oklepa samca (po GASPARIC
& Hyznvy, 2015).

Fig. 3. Styrioplax exiguus
(GLAESSNER, 1928), recon-
struction. A — dorsal cara-
pace; B — male venter (after
GaSpARIC & Hyzny, 2015).

Tabela 1. Seznam znanih nahajali§¢ rakovice Styrioplax exiguus in primerjava dimenzij najvecje Sirine in dolZine oklepa.

Table 1. List of known localities for Styrioplax exiguus specimens and comparison of maximum width and length of their dorsal

carapace.

Vrsta / Taxon Primerek / Specimen Nahajalis¢e / Locality Avtorji /Authors max. dolzina / length (mm) | max. $irina / width (mm)
Styrioplax exiguus LMJ 5453 (holotype) Sentilj, Slovenija Glaessner, 1928 5,6 6,1
Styrioplax exiguus LMJ 5753 Lenart, Slovenija Glaessner, 1928 5,5 6,9
Styrioplax exiguus SNMZ 24868 Cerova Lieskove, Slovaska Hyzny in Schlégl 2011 8,3 8,5
Styrioplax exiguus SNMZ 35507 Cerova Lieskove, Slovaska Hyzny in Schlégl 2011 6,5 8,0
Styrioplax exiguus RGA/SMNH 0889 Cinzat, Slovenija Gaspari¢ in Hyzny, 2015 9,1 9,4
Styrioplax exiguus RGA/SMNH 1208 Cinzat, Slovenija Gaspari¢ in Hyzny, 2015 5,5 6,2
Styrioplax exiguus RGA/SMNH 1135 Male¢nik, Slovenija v tem ¢lanku 5,5 6,5
Styrioplax exiguus RGA/SMNH 1140 Male¢nik, Slovenija v tem ¢lanku 7,3 8,4
Styrioplax exiguus RGA/SMNH 1676 Meljski hrib, Slovenija v tem ¢lanku 5,3 6,5
Styrioplax exiguus LMJ 5749 Jarenina, Slovenija v tem ¢lanku 8,4 8,5

Opis: Majhen oklep je ovalno-kvadratne oblike
(sl. 3A) in skoraj enake dolzine kot Sirine (koli¢nik
Sirina/dolzina je okoli. 1,10) (tab. 1). Oklep je najsirsi
v zadnjem delu, naprej se zozi. V preseku je oklep
konveksne oblike in predvsem v zadnjem delu visoko
dvignjen s strmim stranskim in zadnjim robom,
proti sprednjemu robu pa je poloznejSi. Kljunec
(ang. rostrum) je dvodelen, zaokroZen in obrobljen
(sl. 4, 2-3). Pri odraslih osebkih je kljunec zrascen

in dvojen, raven do konkaven, ter predeljen s plitvo
brazdo, medtem ko je pri mlajsih osebkih kljunec
sestavljen iz dveh locenih grebenov. Oc¢esne jamice
so plitve in ozke in se nadaljujejo s sinosoidnim
sprednjim robom ter majhnim zaoc¢esnim trnom, ki je
razvit le pri odraslih osebkih. Sprednji stranski rob
je zaobljen in konkaven (sl. 4, 5-6). Stranski rob je
sinusoiden in se proti zadnjemu delu Siri, v zadnjem
delu na stranskem robu ima tudi opazen izrastek,

Sl. 4. Styrioplax exiguus (GLAESSNER, 1928)

1 -RGA/SMNH 1676, cel primerek s povezanimi hodilnimi okon¢inami (P) in kleséami (C);
2 - RGA/SMNH 1135, lo¢ena hrbtni (d) in trebusni del oklepa (v) lev;

3 - RGA/SMNH 1135, notranji odtis hrbtnega dela oklepa;

4 - RGA/SMNH 1135, trebusni del oklepa samca, prsnica s sterniti (S) in zadek (A);

5 -~ RGA/SMNH 1140, hrbtni del oklepa z vidnimi sterniti (S);

6 - RGA/SMNH 1136, odtis hrbtnega dela oklepa primerka RGA/SMNH 1140;
7 — LMJ 5749, cel primerek iz Jarenine s povezanimi hodilnimi okoné¢inami (P) in kles¢ami

(C), hranjen v Univerzalnem muzeju Joanneum. Velikost vseh meril je 5 mm.

Fig. 4. Styrioplax exiguus (GLAESSNER, 1928)

1 - RGA/SMNH 1676, complete specimen with articulated pereiopods (P) and chelipeds (C);
2 - RGA/SMNH 1135, disassociated dorsal (d) and ventral carapace (v), exuvie;

3 — GA/SMNH 1135, internal cast of dorsal carapace;

4 - RGA/SMNH 1135, ventral carapace with sternum (S) exhibiting male abdomen (A);
5 - RGA/SMNH 1140, dorsal carapace showing exposed ventral sternites;

6 - RGA/SMNH 1136, cast of dorsal carapace of specimen RGA/SMNH 1140;

7 - LMJ 5749, complete specimen from Jarenina with articulated pereiopods (P) and

chelipeds (C), deposited in Universalmuseum Joanneum. All scale bars are 5 mm.
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kjer se srednjepljuc¢ni greben seka s stranskim
robom. Zadnji rob oklepa je raven, v sredini
konkaven, obrobljen in na zadnjem stranskem robu
tvori manjSe konkavne zajede, v katerih lezijo zadnji
par hodilnih okon¢in.

Hrbtna stran oklepa, ki je dobro ohranjena na
primerku RGA/SMNH 1135 (sl. 4, 2-3) ter primerku
RGA/SMNH 1140 (sl. 4, 5-6), je ve¢inoma gladka in v
sprednjem stranskem, pljuénem in Zelodénem predelu
posejana s posameznimi manjSimi bradavicami.
Zelod¢ni predel je jasno izrazen in v zadnjem delu
nabrekel, zadnji rob omejuje globoko zarezana in
konkavna materni¢na (cervikalna) brazda, manj
izrazita stranska robova pa se konvergentno
ozita proti sprednjemu robu, kjer za kljunom
tvorita poglobljen del. Sréni predel je ovalne do
trapezoidne oblike in poleg Zelod¢nega edini jasno
opazen (primerek RGA/SMNH 1135). Sréni predel
je v sredini dvignjen in s sinosoidno brazdo lo¢en
od pljucénih predelov. Zgornjepljuéni predel je
Sirok in na zgornji strani omejen z nadaljevanjem

maternic¢ne brazde, na spodnji pa s srednjeplju¢nim
grebenom, ki poteka diagonalno od stranskega roba
oklepa, kjer tvori zaobljen izrastek, proti srénemu
predelu. Srednje in spodnjepljucni predel sta slabse
izraZena in v opazovanih primerkih nista opazna.

Prsnica je lepo ohranjena na primerku RGA/
SMNH 1135 (sl. 4, 4) in se proti zadnjemu delu razsiri.
Kontakti med posameznimi sterniti so konkavno
oblikovani, sternita 1-2 sta zrascena, prav tako sta
zraSCena sternita 3-4, ostali sterniti pa so loceni.
Zadek lahko opazujemo na primerkih RGA/SMNH
1135 (sl. 4, 4) in RGA/SMNH 1676 (sl. 4, 1); v obeh
primerih glede na ozko in koni¢asto obliko zadka
ugotavljamo, da gre za moski osebek rakovice. Pri
primerku RGA/SMNH 1140 (sl.4,5)lahko skozi delno
odstranjen hrbtni del oklepa opazujemo posamezne
sternite na prsnici, vendar spola ne moremo dolo¢iti.
Moski zadek je ozek in trikotno konic¢ast z ravnimi
tretjega somitnega segmenta (sl. 3B). Rep (ang. telson)
je trikotne oblike, njegova dolzina je ve¢ja od Sirine.

Sl. 5. Kalcitna nanoflora.

1-5 Helicosphaera waltrans Theodoridis, 1984

6 Helicosphaera walbersdorfensis Miller, 1974

7-9 Helicosphaera carteri (Wallich, 1877) Kamptner, 1954

10 - 14 Sphenolithus heteromorphus Deflandre, 1953

15 Calcidiscus premacintyrei Theodoridis, 1984

16 Umbilicosphaera rotula (Kamptner, 1956) Varol, 1982
17 Umbilicosphaera jafari Miiller, 1974

18 -20 Coccolithus miopelagicus Bukry, 1971

21 -22 Coccolithus pelagicus (Wallich, 1877) Schiller, 1930

23 Pontosphaera multipora (Kamptner, 1948) Roth, 1970

24 Reticulofenestra pseudoumbilicus (Gartner, 1967) Gartner, 1969

25 R. haqii Backman, 1978

26 R. minuta Roth, 1970

27 Cyclicargolithus floridanus (Roth & Hay, 1967) Bukry,1971

28 Braarudosphaera bigelowii (Gran et Braarud, 1935) Deflandre, 1947
29 Discoaster variabilis Martini & Bramlette, 1963

30 Discoaster spp.

Velikost vseh meril je 10 pm.

Fig. 5. Calcareous nannofossils.

1-5 Helicosphaera waltrans Theodoridis, 1984

6 Helicosphaera walbersdorfensis Miiller, 1974

7-9 Helicosphaera carteri (Wallich, 1877) Kamptner, 1954

10 - 14 Sphenolithus heteromorphus Deflandre, 1953

15 Calcidiscus premacintyrei Theodoridis, 1984

16 Umbilicosphaera rotula (Kamptner, 1956) Varol, 1982

17 Umbilicosphaera jafari Miiller, 1974

18 -20 Coccolithus miopelagicus Bukry, 1971

21 -22 Coccolithus pelagicus (Wallich, 1877) Schiller, 1930

23 Pontosphaera multipora (Kamptner, 1948) Roth, 1970

24 Reticulofenestra pseudoumbilicus (Gartner, 1967) Gartner, 1969
25 R. hagii Backman, 1978

26 R. minuta Roth, 1970

27 Cyclicargolithus floridanus (Roth & Hay, 1967) Bukry, 1971

28 Braarudosphaera bigelowii (Gran et Braarud, 1935) Deflandre, 1947
29 Discoaster variabilis Martini & Bramlette, 1963

30 Discoaster spp.

All scale bars are 10 pm
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Somit 6 je skoraj kvadratne oblike in nekoliko Sirsi
kot dolg. Somiti 3-5 so zras¢eni, pri primerku RGA/
SMNH 1135 (sl. 4, 4) lahko opazimo tudi ostanek
Siva med sicer negibljivima somitoma 3 in 4. Somita
1 in 2 v preiskovanem materialu nista ohranjena.
Zanimiva je oblika sternita 8, ki je Sirok in v sredini
prepognjen. Na njem lezi pomozna koléno-prsna
plosca, ki varuje spolni kanal, v katerem pri moskih
osebkih lezi penis.

Z oklepom povezane okoncine so ohranjene
le pri primerku iz Meljskega hriba (RGA/SMNH
1676) (sl. 4, 1). Hodilne okonc¢ine P2-P5 so tanke,
dolge in neoklescene. NajdaljSe so P4, medtem
ko so P5 krajse in lezijo pod oklepom v posebej
oblikovanih zajedah na spodnjem stranskem
delu. Okonc¢ine so splos¢ene in ornamentirane s
posameznimi manjsimi bradavicami. Zakljucujejo
se s konicastimi kon¢nimi segmenti. KleSce so
neenake, desne kleSce nekoliko moc¢nejse od levih,
enostavne s tankimi prsti z zasSiljenimi konicami
in preprostimi zobmi na rezalni povrsini.

Primerjava: Posamezne lastnosti, ki rakovico
Styrioplax exiguus uvrS¢ajo med pripadnike
druzine Pilumnidae, sta opisala ze HyzNY in SCHLOGL
(2011), vendar sta menila, da najverjetneje pripada
poddruzini Rhizopinae; pred tem so to rakovico
uvrscali v druzino Goneplacidae (GLAESSNER,
1969). Pred kratkim opisan nov material (GASPARIC
& Hyzny, 2015) je razkril podrobnosti na prsnici
moskih primerkov, ki rakovico Styrioplax exiguus
zanesljivo uvrS¢ajo v druzino Pilumnidae in
podruzino Chasmocarcininae, na kar sta sicer
opozorila ze Karasawa in Kato (2003).

Pripadniki poddruzine Chasmocarcininae
imajo trapezoidno obliko oklepa, dvojno oblikovan
kljun, majhne ocCesne jamice s sinosoidnim
sprednjim robom. Oklep je v predelu sprednjega
roba priblizno enako Sirok kot zadaj, kljun in
oCesne jamice pa predstavljajo vecji del sprednjega
dela oklepa. V zadnjem stranskem delu imajo
pripadniki te poddruzine dobro razvite zajede za
zadnji par hodilnih nog (ScHWEITZER & FELDMANN,
2001). Zapripadnike Chasmocarcininae je znac¢ilno
tudi, da so somiti 3-5 na zadku samcev zrasceni,
hodilne noge pa so dolge in tanke (FELDMANN et
al,, 2010). Vse nastete lastnosti lahko opazimo pri
rodu Styrioplax, dodatno pa imajo primerki te
rakovice razvito Se pomozno koléno-prsno plosco
na somitu 8 (Guinor et al., 2013).

Po opisanih morfoloskih lastnostih bi rod
Styrioplax lahko primerjali le s Se danes zZive¢im
rodom Chasmocarcinus Rathbun, 1898, ki
pa ima hrbtni oklep preprostejSe morfologije
z neizrazitimi osnovnimi hrbtnimi podro¢ji
(zelodéni in sréni predel, srednjepljuéni greben),
ki pa so pri rodu Styrioplax jasno opazni. Nekaj
podobnosti v obliki in morfologiji oklepa lahko
opazujemo s pripadniki rodu Falconoplax Van
Straelen, 1933, ki pa imajo na sternitu 8 odprt
spolni kanal in nimajo pomozZne koléno-prsne
plosce. To pomembno morfolosko lastnost si delijo
pripadniki rodu Styrioplax in Chasmocarcinus.

Stratigrafska in paleogeografska razsirjenost:
Najdbe  primerkov  rodu  Styrioplax  so
evidentirane iz spodnjemiocenskih (karpatskih) in
srednjemiocenskih (badenijskih) plasti centralne
Paratetide (Grarssner, 1928; Hyzny & ScCHLOGL,
2011; Gasparic & Hvzny, 2015). Ostanki rakovic
Styrioplax exiguus so pogosti v miocenskih
plasteh severovzhodne Slovenije (GLAESSNER,
1928; Gasparic & Hyzny, 2015), kjer jih sedaj
poznamo s Sestih nahajalis¢ (sl. 1), opisani pa so
tudi iz miocenskih plasti karpatijske starosti na
slovaskem nahajaliS¢u Cerova iz okolice Bratislave
(Hyzny & ScHLoGL, 2011).

Do sedaj zbrani podatki kazejo na to, da
je Styrioplax exiguus endemit na podroc¢ju
centralne Paratetide, fosilne ostanke te vrste pa
najdemo izkljuéno v finoklasti¢énih kamninah,
ki so se odlagale v globjemorskih okoljih (Hyzny
& ScaLOGL, 2011). Dejstvo, da fosilnih ostankov
rakovice Styrioplax exiguus ne najdemo Vv
miocenskih plasteh Mediterana potrjujejo teorijo,
da je v srednjem miocenu anti-estuarijski morski
rezim prepreceval selitev organizmov iz podrocja
Paratetide v takratni Mediteran (HARZHAUSER
et al., 2007), po drugi strani pa organizmom iz
Mediterana omogocal poselitev morskih obmocji
Paratetide.

Kalcitni nanoplankton:
Sl 5,1-30

V vzorcih iz obeh nahajalis¢ je bilo pregledanih
okoli 300 primerkov Kkalcitne nanoflore.
Nanoplankton v pregledanih vzorcih je Stevilcen,
vendar je vrstna pestrost omejena le na nekaj
znacilnih taksonov. Nanofosili v vzorcih so razli¢no
dobro ohranjeni, od dobro ohranjenih primerkov
do primerkov, pri katerih so opazne mehanske
poskodbe in poskodbe nastale pri raztapljanju
skeletov.

Opisano zdruzbo definirajo pogosto pojavljanje
kljuéne biostratigrafske vrste Sphenolithus
heteromorphus Deflandre, 1953, skupaj s pogosto
prisotnimi primerki vrste Helicosphaera waltrans
Theodoridis, 1984 in redkimi primerki vrste
Helicosphaera walbersdorfensis Miiller, 1974.
Opisano sopojavljanje omenjenih vrst je znacilno
za spodnjebadenijsko biocono NN5 (MarTINt, 1971).
V pripravljenih vzorcih so pogosti tudi primerki
vrst Coccolithus pelagicus (Wallich, 1877) Schiller,
1930, skupaj z velikimi primerki Coccolithus
miopelagicus Bukry, 1971 in Helicosphaera carteri
(Wallich, 1877) Kamptner, 1954. V analiziranih
vzorcih se redko pojavljao Se vrste Calcidiscus
premacintyrei Theodoridis, 1984, Pontosphaera
multipora  (Kamptner, 1948) Roth, 1970,
Umbilicosphaera rotula (Kamptner, 1956) Varol,
1982 in U. jafari Miller, 1974, Reticulofenestra
pseudoumbilicus (Gartner, 1967) Gartner, 1969,
R. haqii Backman, 1978 in R. minuta Roth, 1970,
Discoaster variabilis Martini & Bramlette, 1963
ter Thoracosphaera sp.
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Prisotni so tudi vredki presedimentirani
zgornjekredni nanofosili, npr. Arkhangelskiella
cymbiformis Vekshina, 1959, in pogostejsi
presedimentirani peleocenski nanofosili, npr.
Discoaster lodoensis Bramlette & Riedel, 1954 in
Reticulofenestra bisecta (Hay, Mohler in Wade,
1966) Roth, 1970.

Stratigrafsko najpomembnejSe je hkratno
pojavljanje vrst Sphenolithus heteromorphus
z Helicosphaera waltrans in odsotnost — H.
ampliaperta Bramlette and Wilcoxon, 1967, kar
datira kamnine v spodnji del biocone NN5 (MARTINTI,
1971) (sl. 2). Raziskana tafocenoza omogoca tudi
korelacijo plasti z biocono NNba (GriGorovi¢ et
al,, 2001) oziroma z biohorizontom Helicosphaera
waltrans (SVABENICKA, 2002; CoRIC & SVABENICKA,
2004). Pogostnost pOJaVIJan]a omenjene vrste v
Paratetidi znotraj te biocone omenjajo tudi drugi
avtorji (GricoroviC et al., 2001; Cori¢, 2003; Coric
et al, 2007; Barror, 2009) Tomanova Petrova in
Svébenické (2007) povezuj eta plastiizhorizonta H.
waltrans, ki imajo bogato nanofloro, s transgresijo
v spodnjebadenijskem globalnern evstatiénem
Meljski hrlb in Male¢nik ocenjujemo na 14,91 do
14,36 milijonov let na podlagi zadnjega pogostega
pojavljanja (LCO) vrste Helicosphaera waltrans
(ABpuL-Aziz et al, 2008) in zadnjega pojavljanja
(LO) vrste H. ampliaperta (Lourens et al., 2004).

Sedimentacijsko okolje: Dosedanje najdbe
rakovice Styrioplax exiguus so bile opisane
iz globjemorskih sedimentacijskih okolij, kjer
je na podlagi spremljajoée makrofavne in
foraminifernih ter nanoplanktonskih zdruzb
dolocena paleobatimetrija med 125 in 250 m
(Hyzny & ScHLOGL, 2011; Gasparic & Hyzny, 2015).

Poleg fosilnih  ostankov  deseteronoZcev,
globjemorsko sedimentacijsko potrjuje tudi
foraminiferna favna (Ruavec, 1976; 1978) s pogosto
makroskopsko opazno bentosSko foraminifero
Bathysiphon taurinensis Sacco, 1893, ki je
znacilna za globjemorska okolja (Sasa et al., 2009).

Nizka vrstna raznolikost zdruzbe fosilne kalcitne
nanoflore s Stevilénimi helikosferami in redkimi
diskoastri kaZe na morsko okolje z_ normalno
slanostjo in blizino kopnega (Coric & SVABENICKA,
2004). Prisotnost diskoastrov, pogosti prlmerkl
vrste Coccolithus pelagicus in Stevilni majhni
primerki retikulosferidnih vrst kaZejo na dotok s
hranili bogatih in hladnejSih oceanskih vod (Coric&
Rocr, 2004). Podobno velja za prisotnost vrste
Sphenolithus heteromorphus, ki potrebuje s hranili
Se nekoliko bogatejsSe okolje kot diskoastri (BarTor &
Pavsic, 2005). Zaradi prisotnosti presedimentiranih
paleocenskih reliktov lahko sklepamo na bliZino
obale in z orogenetsko aktivnostjo povezano
pogrezanje sedimentacijskega bazena.

Glede na navedeno ugotavljamo, da so se
tudi plasti z najdbami rakovic Styrioplax

SV e

odlagale v globjemorskem okolju zgornjega
batiala, v globini do 250 m. Nanoplanktonska
zdruzba kaze na globjemorsko priobalno okolje.
Plasti so =zapolnjevale enega izmed S$tevilnih
sedimentacijskih bazenov, ki so se zaradi
ekstenzijske tektonike hitro pogrezali, v to
globjemorsko okolje pa je iz bliznjega kopnega
dotekal drobnozrnat klasticen material.

Zakljucki

Novo opisani primerki rakovice Styrioplax
exiguus Sirijo poznavanje te zanimive vrste na
nasem ozemlju. Vrsta predstavlja endemitsko
vrsto v miocenskih plasteh centralne Paratetide
in velika ve¢ina do danes odkritih primerkov
je najdena na podroc¢ju severovhodne Slovenije.
Vsi do sedaj najdeni primerki so opisani iz
finoklasti¢nih globjemorskih sedimentov in
potrjujejo teorijo, da je v srednjem miocenu
anti-estuarijski morski rezim prepreceval selitev
organizmov iz podroc¢ja Paratetide v takratni
Mediteran.

Novi primerki in najdis¢a rakovice Styrioplax
exiguus kazejo, da je bila to ena izmed najbolj
razSirjenih vrst deseteronozcev v miocenskih
plasteh severovzhodne Slovenije. Posamezni
primerki so najdeni tudi v podobnih miocenskih
plasteh na Slovaskem in MadZarskem. S preko
80 pri nas najdenimi primerki je vrsta vsekakor
pomemben del miocenske zdruzbe deseteronozcev
v Paratetidi.

Zahvale

Za fotografije primerkov shranjenih v graskem
muzeju Joanneum se zahvaljujemo M. Hyznyu
(Univerza Comenius v Bratislavi, Fakulteta za
naravoslovje, Oddelek za paleontologijo) ter A. Zibrat
Gaspari¢ (Univerza v Ljubljani, Filozofska fakulteta,
Oddelek za arheologijo) za potrpezljivo lektoriranje.
Del raziskav soavtorice Eve Halasove je podprt s strani
Slovaske raziskovalne agencije s projektom st. APVV
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Abstract

Samarskite-Y, with an average assay of about 43.23% Nb,0, and 17.43%Y,0,has been identified in the mineralized
pegmatite bodies injected in Gabal Umm Lassifa monzogranite. The mineral is associated with columbite, zircon,
monazite, cassiterite, ilmenite and rutile. The mineralogy and geochemistry of the studied samarskite variety were
determined using microscopic examination and X-ray Diffraction (XRD) as well as quantitative analysis by both
Field emission scanning electron microscope and electron microprobe analysis. Microscopic investigation revealed
that the defined samarskite crystals are characteristically velvet-yellow brown to bloody red in color and having a
characteristic pendent vitreous or resinous luster.

Analytical data confirmed the presence of samarskite-Y whose composition corresponding to empirical formula:
REE, ,,, Th Si Ca U, Fe o) 2,1 Nb ., Ta, ,, Ti ) ¥, Ol Accordingly, the mineralized Umm

[(Yo.4g’ 0.447 “7770.0767 N70.057 0,007 T 0.077 L~ . ; " 4 . .
Lassifa pegmatite can be considered as a promising target ore for its rare-metal mineralization that includes mainly

Nb, Ta,Y, REE and Zr together with U and Th.

Introduction

Several studies worldwide have revealed the
presence of granite-pegmatite-hosted rare-metal
mineralization including Nb-Ta oxides and zircon
(e.g., MarsuBara et al., 1995; Hanson et al., 1999;
Erict, 2005; WrLLiaM et al., 2006; PaL et al., 2007,
Rasran et al, 2010). The Umm Lassifa area is
located some 70 km to the southwest of El Qusier
city at the Red Sea Coast, Central Eastern Desert
of Egypt. It lies between longitudes 34° 12' and 34°
20" E and latitudes 25° 36' and 25° 38' N (Fig.1).
Several workers studied the regional geology
of the studied area (e.g., AMiN & MoHAMED, 1954;
Kawmar Er-Din.; 1995, Kuupier et al., 1995; Arr,
2001, ABpEL WAHED et al., 2005).

The studied pegmatites present in the
monzogranite of Umm Lassifa pluton are restricted
to along the contact with granodiorite (Fig. 1).
The monzogranite forms the main granitic mass
of Umm Lassifa pluton. The studied pegmatites
occur either as small pockets or as vein like bodies
and usually of composite type. These pegmatite
bodies are of variable size ranging between 1-3
m in width and 2-6 m in length (Fig.1). The mica
pockets are common and restricted in association
with feldspar.

Most occurrences of radioactive minerals of
Egypt are in granites and associated pegmatites.
Several Nb-Ta occurrences have been recorded in

different localities of the Eastern Desert, namely,
El Naga, Abu Khurg, Abu Dabbab, Noweibi, and
Abu Rushied (Husskin, 1990; Rasran & Arr, 2011).
It is interesting in this regard to mention that
author identified Samarskite-Y, columbite and
zircon from Ras Baroud granite -pegmatite in
the Central Eastern Desert (RasrLan et al, 2010)
and in the stream sediments surrounding the Ras
Baroud granitic pluton (Rasran, 2009). Moreover,
ishikawaite (uranium-rich samarskite) with an
average assay of approximately 50% Nb,O, and
26% UO, has been identified for the first time in
Egypt in the mineralized Abu Rushied gneissose
granite (Rasran, 2008).

Abu Rushied gneissose granite (Rasran, 2008).
In addition, RasLan and Awnr (2011) identified
ferrocolumbite, ishikawaite, uranopyrochlore, and
fergusonite in the rare-metal pegmatites of Abu
Rushied granitic gneisses. Accordingly, the aim of
the present paper is to identify the mineralogical
and geochemical characteristics of samarskite-Y
variety in the studied area.

Methodology

To verify the objectives of this study, a
representative sample of the mineralized Umm
Lassifa pegmatite was collected. The sample
was properly crushed, ground and sieved to size
fractions between 0.800 mm - 0.063 mm before
subjecting to heavy liquid separation using
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Philips XL 30 energy-dispersive spectrometer
(EDS) unit. The applied analytical conditions
were an accelerating voltage of 30 kV with a beam
diameter of 1-2 pm for a counting time of 60-120 s
and a minimum detectable weight concentration
ranging from 0.1 to 1 wt%. All these analyses were
carried out at the laboratories of the Egyptian

microscope (ESEM). This instrument includes
Nuclear Materials Authority (NMA).
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Wy Radioactive pegmatites.
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Fig.1. Geologic map of G. Umm Lassifa, Central Eastern Desert, Egypt and sketch showing the studied composite pegmatite pocket

in the monzogranite of G. Umm Lassifa.
of samarskite variety were handpicked and

investigated under the binocular microscope.
to X-ray Diffraction analysis using a Phillips

X-ray diffractometer (Model PW-105018) with a
scintillation counter (Model PW-25623/00) and

Some of the picked mineral grains were subjected
Ni filter and an environmental scanning electron

bromoform (specific gravity
the obtained heavy fractions
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In addition, the studied samples were
analyzed wusing the field emission scanning
electron microscope (JEOL 6335F) at the Particle
Engineering Research Center (PERC), University
of Florida, USA. This instrument is fitted with
an Oxford Energy Dispersive X-ray spectrometer
(EDS) for elemental analysis of micro areas,
a backscattered electron detector that allows
compositional imaging. The applied analytical
conditions were an accelerating voltage of 0.5 — 30
kV,1.5nm (at 15 kV/5.0nm (at 1.0 kV).Theimagining
modes were secondary electron imaging (SEI) and
backscatter electron imaging (BEI). Lines scan of
relative concentrations of multiple elements, and
X-ray maps of relative concentrations of multiple
elements were also performed.

Finally, thin, polished sections of some
mineral grains were also analyzed using a JEOL
Superprobe 733, at the Particle Engineering
Research Center (PERC), University of Florida,
USA, with an accelerating voltage of 15 kV and
a beam size of approximately 1 pm. The used
standards for analysis included niobium metal
(for Nb), tantalum metal (for Ta), biotite (for Ti-
Fe-Si), uranium metal (for U), monazite (for Th),
fluorite (for Ca), and cubic zirconia (for Zr-Y).

Results and discussion
Microscopic investigation

Under the binocular microscope, the examined
samarskite crystals were found to be distributed
in almost all size fractions between 0.800 mm -
0.063 mm. The defined samarskite crystals are
generally massive with a granular form and having
a characteristic vitreous or resinous luster (Fig. 2).
Also, the investigated mineral crystals are generally
translucent, compact, metamict and hard. Under a
polarizing microscope, the samarskite grains are
mainly velvet-yellow brown to bloody red in colour
(Figs.3 AB,C and D). They occur as translucent
grains that are 0.1- 0.5 mm in size (Fig.3). Separated
samarskite grains are present as short prismatic
to tabular crystals, exhibiting vitreous luster and

Fig. 2. Samarskite-Y crystals exhibiting massive granular
shape with reddish brown colour, Binocular microscope

conchoidal fractures. Samarskite grains commonly
exhibit partial to complete alteration effects along
micro cracks and grain boundaries as well as the
metamictization effect (Fig.3). Altered varieties are
darker brownish to opaque in thin sections and
whitish grey in reflected light (Figs.3E and F).
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Fig. 3. Umm Lassifa samarskite-Y crystals in thin sections:

A-B: velvet-yellow brown to bloody red crystals exhibit partial to complete alteration effects along micro cracks and grain
boundaries, Polarized light, PL.. C-D: The same crystals as in previous photos between crossed Nichols, C.N. E-F: Altered crystals
showing variation in colour between reflected light and crossed Nichols respectively.

X-ray Diffraction

Pure monomineralic sample from samarskite
grains was prepared by hand picking and subjected
to XRD analyses. The obtained XRD data for
samarskite after annealing (heat treatment) are
presented in (Fig. 4). The data conforms to the
ASTM card index No. 2-0690 for samarskite.

Scanning electron microscope study

ESEM data of the studied samarskite grains
(Figs. 5A and B) show that the mineral is enriched
in Nb and Y whereas the contents of the other
REEs are much lower such as Ce, Nd, Sm, Gd and
Yb. Uranium and thorium are commonly present
as minor elements. On the other hand, several
samarskite grains have also been subjected to semi-
quntitative analyses using a field emission scanning
electron microscope coupled with EDS. The
obtained EDS data (Figs. 5E and F) show Nb,Y and
REE as the essential components and U and Th as
minor elements, which confirmed the ESEM/EDS
results. The distribution of uranium and thorium
within the crystal is actually heterogeneous and
their contents increase in the bright parts within
the crystal and also with increasing Y. Scan- line
elemental analyses along the crystals (Figs. 5C and
D) and the elemental scan maps for some samarskite
crystals reflect the predominant elements in the
mineral such as Nb and Y (Fig. 6). The presence

308
27
262
88
163
157
8,

50 60 (*28]

Fig.4. XRD diffractogram for samarskite (ASTM card No. 2-0690).

of Br and Rb indicated in Figs. 5e, f and Fig. 6 is
probably a result of spectral overlap between Al Ka
and Br Lo peaks, and between Rb Lo and Si Ka.

Electron microprobe analyses

The obtained microprobe analyses (Table 1) of
the investigated samarskite have resulted in the
following average composition in wt%: Nb,O,,
43.23; Ta,0,, 3.66; TiO,, 0.44; UO,, 4.38; ThO,,
4.65;Y,0,, 17.43; MnO, 0.32; CaO, 0.26; FeO, 2.30;
Si0,1.74 and total REE of 22.09 with an average
sum of 100.50 wt%. Table 1 shows the chemical
empirical formulae that is recalculated on the
basis of 4 oxygen; viz, [(Y,.., REE_,,,Th = Si

0.357 0.44? 0.077 0.05?

Ca0.007’ UOA0:7’ Fe0.07) Z1,05 (NbOA67’ Ta0A55’ T10A01 0.74
0,]. The microprobe analyses were plotted on a
ternary diagram of Hawnson et al., (1999) which
shows the A-site occupancy of the samarskite
group of minerals (Fig. 7). It was found that all

the data points plot in the samarskite-Y field.

Samarskite belongs to a group of Nb-Ta mineral
varieties that occur in granite pegmatite and have
the general formulaA B O, . where A represents
Fe, Ca,REE,Y, U and Th whereas B represents Nb, Ta
and Ti. According to Hanson et al., (1999), samarskite
—group minerals should include only those that
have Nb>Ta and Ti in the B-site. Additionally, this
group of minerals contains at least three species
based on A-site chemistry. If REE+Y are dominant,
the name samarskite-(REE+Y) should be used
with the dominant of these cations as a suffix. If
U+Th is dominant, the mineral is properly named
ishikawaite whereas if Ca is dominant, the mineral
should be named calciosamarskite. However, the
exact nature of these minerals cannot be determined
due to inability to quantify the valence state of
iron present and dominant at the A-site in these
minerals. Ishikawaite and calciosamarskite are light
rare-earth element (LREE) depleted and heavy rare-
earth element (HREE) enriched with Y dominant.
Recently, samarskite-Yb has been identified as a new
species of the samarskite group (WiLLiam et al, 2006).
NickeL and MaNprmvo (1987) described samarskite-Y
as a mineral withY+REE dominant at A-site.
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Fig. 5. SEM data of Umm Lassifa samarskite-Y. A-B: Backscattered electron image and corresponding EDX spectrum. C-D: BEI
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From the obtained data, it is quite clear that
the studied Nb-Ta mineral variety of Umm Lassifa
pegmatite reflects the chemical composition of
Y- and REE-rich samarskite species. The lines
of evidence of the latter (samarskite-Y) can be
summarized as follows:

1. The obtained EMPA data revealed that Nb,O,
is dominant in the investigated mineral where
it attains content of 43.23 wt% in average. The
sum of average content of Ta,O, and TiO, attains
4.10 wt%, which is much lower than content of
Nb,O,.The samarskite group comprises only those
species in which the Nb content in B-site is higher
than that of Ta and Ti. (Hanson et al., 1999).

2. The studied mineral actually falls within the
compositional limits of both samarskite-Y and
ishikawaite. Both samarskite-Y and ishikawaite
have a dominant Nb in the B-site and the

4.

distinction between the two varieties must be
based on the content of A-site occupancy.

In the studied Umm Lassifa samarskite species,
the Y,O, content ranges from 16.25 wt% to 18.87
wt% with an average of 1743 wt% and the sum
of REE ranges from 18.20 wt% to 24.19 wt% with
an average of 22.09 wt%. Accordingly, the average
Y+REE would attainupto39.52% and samarskite-Y
has been described as the mineral species in which
Y+REE are the dominant components at the A-site
(N1ckEL & MANDARINO, 1987).

The studied samarskite species separated from
Umm Lassifa pegmatite is characterized by
the dominance of Y+REE in the A-site whereas
Nb in the B-site is higher than both Ta+Ti.
Therefore, the studied mineral species belongs
to the compositional limits of samarskite-Y
mineral species as specified in the literature.

Table 1. Selected EMPA analyses of samarskite-Y from Umm Lassifa pegmatite. Oxide contents are in wt%.

Samarskite-Y
Oxides Average
1 2 3 4
TiO, 0.54 0.20 0.57 0.46 0.44
Nb,O, 46.42 43.54 42.24 40.70 43.23
Sio, 0.72 0.65 2.99 2.61 1.74
Ta,O, 2.53 3.53 5.13 3.46 3.66
MnO 0.25 0.36 0.12 0.55 0.32
uo, 2.60 4.01 6.60 4.32 4.38
CaO 0.15 0.18 0.48 0.23 0.26
ThO, 4.72 3.80 6.36 3.71 4.65
FeOe 1.56 1.19 2.72 3.74 2.30
Y,0, 17.05 17.55 16.25 18.87 1743
YREE 22.50 24.19 18.20 23.48 22.09
Total 99.04 99.20 101.66 102.13 100.50
Chemical formula of Samarskite-Y based on 4 oxygen
Ti 0.017 0.006 0.018 0.014 0.014
Nb 0.87 0.83 0.80 0.75 0.81
Si 0.02 0.02 0.09 0.08 0.05
Ta 0.03 0.04 0.06 0.04 0.04
Mn 0.009 0.013 0.004 0.019 0.01
U 0.04 0.06 0.11 0.07 0.07
Ca 0.004 0.005 0.013 0.006 0.007
Th 0.07 0.067 0.11 0.06 0.076
Fe 0.05 0.04 0.09 0.13 0.077
Y 0.41 0.43 0.39 0.44 0.42
YREE 0.45 0.48 0.36 0.46 0.44
Sum A 1.05 1.11 1.17 1.26 1.15
Sum B 0.917 0.876 0.878 0.804 0.86

FeOe=total iron as oxide
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REE+HY

Samarskite-Y

Calciosamarskite Ishikawaite

Ca U+Th

Fig. 7. Ternary diagram showing A-site occupancy of the
samarskite group of minerals after Hanson et al. (1999). Umm
Lassifa samarskite-Y is represented by closed squares.

Conclusions

Microscopic investigation, SEM, XRD and
microprobe analyses confirm the presence of
a samarskite-Y mineral species. The obtained
microprobe analyses of the investigated samarskite
have resulted in the following average in wt.%:
Nb,O,, 43.23; Ta,0,, 3.66; TiO,, 0.44; UO,, 4.38;
ThO,, 4.65;Y,0,, 17.43; MnO, 0.32; CaO, 0.26; FeO,
2.30; Si0,1.74 and total REE of 22.09 with an
average sum of 100.50%. Also, the microprobe
analyses revealed the empirical formula: [(Y
REEO.44’ Thoms’ Sio.05’ Cavoow Uo.ow Fevow) Z1A15 (NbO.SI’
Ta,,,, Ti;,,) X, O,]. The mineral is associated with
columbite, zircon, monazite, cassiterite, ilmenite
and rutile. The mineralized Umm Lassifa pegmatite
can be considered as a promising target ore for its
rare-metal mineralization that includes mainly Nb,
Ta,Y, REE and Zr together with U and Th.

0.427
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Izvlecek

Obravnavani so srednjemiocenski - sarmatijski mehkuzci iz najdiséa Osek-1 v Slovenskih goricah blizu
Spodnjega Oseka. Ugotovljeni so: polzja vrsta Acteocina lajonkaireana in Stiri §koljéne vrste Musculus sarmaticus,
Sarmatimactra eichwaldi, Ervilia dissita in Venerupis dissita, ki dolocajo plastem v Oseku-1 spodnjesarmatijsko

starost.

Abstract

This article is a contribution to the taxonomical investigation of Middle Miocene (Sarmatian) molluscs from
section (fossil site) Osek-1 at Spodnji Osek (Slovenske gorice) in the Mura-Zala basin on western margin of Central
Paratethys. One gastropod species Acteocina lajonkaireana and four bivalves Musculus sarmaticus, Sarmatimactra
eichwaldi, Ervilia dissita and Venerupis dissita have been systematically described. The identified fauna is assigned

to the Lower Sarmatian age.
Uvod

V marcu leta 1997 smo obiskali in pregledovali
dve najdiséi miocenskih mehkuzcev pri Oseku.
Pri Spodnjem Oseku smo vzorcili v sarmatijskih
plasteh ter zbrali nekaj razliénih oblik polZev in
Skoljk. Najdis¢e z izdanki sarmatijskih plasti smo
oznacili z Osek-1 (sl. 1a, b).

Iz najdis¢a Osek-1 smo v raziskave vkljucili
tudi primerke, ki jih je nasSel Franci Golob s Ptuja.
V letu 2003 jih je podaril Prirodoslovhemu muzeju
Slovenije. V Skatli s fosilnimi Skoljkami je bil
listek z napisom: PMS - Inv. §t. E. G. 12 (17 kosov
razlicnih skoljk v peSc¢enem glinavcu, ponekod
z rastlinskimi ostanki (miocen-sarmatij), Osek v
Slovenskih goricah.

Geoloske razmere okolice najdisca

Po podatkih ZNmarcic-a in Mioc-a (1988) ozemlje
Slovenskih goric pripada k Panonskemu bazenu
oziroma k tektonski enoti Slovenske gorice. Mio¢
in ZNmarcic (1989) iz okolice Oseka-1 omenjata
braki¢ne sarmatijske (M,') peSCene laporovce,
pesek in prod. Starost je potrjena s foraminiferami,
kakrS$nihkoli sarmatijskih mehkuzcev ne omenjata.
Iz neposredne blizine najdis¢a je znan tudi vecji

Sl. la, b. Geografski polozaj najdis¢ta Osek-1 v Spodnjem
Oseku. Vir zemljevida: geopedia.si

Fig. 1a,b. Geographical position of fossil site Osek-1 at Spodnji
Osek. Source of map: geopedia.si
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podzemni kamnolom, kjer so izkoris¢ali debelejSo
plast sarmatijskega ooidnega apnencain pes¢enjaka
(PLansSEK in sod. 2002: 487). Po podatkih Pavsic-a
in Horvar-a (2009: 410) sodi obmocje okrog Oseka v
neogenski bazen Mura-Zala.V Stajerskem bazenu
in bazenu Mura-Zala lezijo sarmatijske pretezno
klasti¢ne kamnine zvezno na badenijskih skladih.

Paleontoloski del

Sistematska razvrstitev polzev po: Wenz 1938;
1960, GoLikov & STAROBOGATOV 1975 in BoUCHET &
Rocror 2005

Classis Gastropoda Cuvier, 1797
Cladus Cephalaspidea Fischer, 1883
Superfamilia Philinoidea Gray, 1850
Familia Cylichnidae H. Adams & A. Adams, 1854
Genus Acteocina Gray, 1847

Acteocina lajonkaireana (Basterot, 1825)
Tab.1,sl.1-5

1825 Bullina Lajonkaireana. Nob. — BASTEROT, 22,
Pl 1, Fig. 25

1840 Bullina Lajonkaireana Bast. — GRATELOUP,
Bulléens, No. 2, P1. 1, Figs. 45-46

1856 Bulla Lajonkaireana Bast. — HORNES, 624,
Taf. 50, Fig. 9c

1928 Tornatina Lajonkaireana Bast. — FRIEDBERG,
542, Tabl. 35, Figs. 16a-16b

1954 Acteocina  lajonkaireana  lajonkaireana
(Basterot) — Papp, 59, Taf. 10, Figs. 4a-4b, 5a-5b
1959 Acteocina lajonkaireana lajonkaireana

(Basterot) — Bopa, 628, tab. 32, figs. 6-7

1966 Acteocina lajonkaireana Basterot — STrRAUSZ,
472,Taf. 74, Fig. 25-26

1969 Acteocina (Acteocina) lajonkaireana
lajonkaireana (Basterot,1825) - KoJjuMDZIEVA,
117, Tabl. 39, Figs. 9a-9b, 10a-10b, 11a-11b,
14-15

1971 Acteocina (Acteocina) lajonkaireana
lajonkaireana (Basterot) — Nicorict, 231, Pl
7, Figs. 19-22

1995 Acteocina lajonkaireana  (Basterot) -

Z1inskA & ForpinNAL, 75, PL. 25, Fig. 4

2002 Acteocina lajonkaireana Basterot, 1825 -
HarzHAUSER, 127, Taf. 11, Fig. 18

2002 Acteocina lajonkaireana (Basterot, 1825) —
Harznauser & Kowalke, 74, Pl. 13, Figs. 18-
19

2003 Acteocina lajonkaireana (Basterot, 1825) —
HARZHAUSER, 198, Tab. 1

2011 Acteocina lajonkaireana Bastretot, 1825 —
LukeNeDER et al., 772-773, Fig. 4. W

2013 Acteocina lajonkaireana (Basterot, 1825) —
HrapiLovA & ForpiNAL, 39-40, Fig. 5. e

2013 Acteocina lajonkaireana (Basterot, 1825) —
TAawmas et al., 78, Fig. 4h

Material in najdis¢e: Nekaj primerkov iz
najdisca Osek-1, najdeni so v letu 1997 Izbrali
smo pet primerkov (tabela 1). V najdiséu so v
sivorjavem, slabo vezanem in karbonatnem
sljudnatem pesScenjaku razmeroma pogostni.

Opis: HiSice so zelo majhne, visoke, ozke
in sestoje iz 4 do 5 zavojev. HiSice so podobne
olivam. StarejSi zavoji so nizki, zadnji zavoj
predstavlja 90% celotne hiSice, ustje je dolgo in
0zko.V spodnjem delu se ustje razsiri in polkrozno
zaklju¢i. Pogostokrat so hiSice brez starejsih
zavojev.

Tabela 1. Velikost primerkov vrste Acteocina lajonkaireana
(Basterot).

Table 1. Size of Acteocina lajonkaireana (Basterot) specimens.

Primerki Visina Sirina
. (Height) (Width)
(Specimens)
mm mm
I/1,T.1,sl. 1 7,5 3
1/2,T. 1,sl. 2 7 2,5
H/1,T.1,s1.5 5 3
H/2,T.1,sl. 3 6,5 3
H/3,T.1,sl. 4 6 2,5

Pripombe: Rapo (1963: 85, Fig. 5) je opisal
ekoloske znacdilnosti nekaterih miocenskih
mehkuzcev Romunije. Za vrsto Acteocina
lajonkaireana pise, da pripada epifavni in da
sodi med Kkarnivore polZze braki¢nega okolja.
Predstavniki te vrste naj bi ziveli na globinah od 0
do 50m (Rapo 1963: 86, Fig. 6).

Stratigrafska in geografska razSirjenost:
BasteroT (1825: 22) opisano vrsto polZza omenja iz
miocenskih plasti juZnozahodnega dela Francije.
GraTELOUP (1840) jih omenja iz zgornjemiocenskih
plasti Francije (Dax, Saint-Paul). HornEs (1856:
626) jo opisuje iz braki¢nih pescenih ceritijskih
plasti Dunajske kotline. Fucus (1875: 108) omenja
iz okolice Sirakuze na Siciliji ooidni apnenec s
sarmatijskimi mehkuzci,med njimitudi vrsto Bulla
lajonkaireana. FriEDBERG (1928: 543) jih opisuje
iz ve¢ najdis¢ sarmatijskih plasti na Poljskem.
Parr (1954: 60) piSe, da ta oblika polza nastopa
v spodnjesarmatijskih plasteh avstrijskih najdisé¢
in v ervilijskih in maktrinih plasteh zgornjega
sarmatija. Nadalje Se piSe, da so njihove hiSice
majhne v starejsih in ve¢je v mlajsih sarmatijskih
plasteh. Bopa (1959: 628-629) akteocine opisuje iz
sarmatijskih plastina Madzarskem.Rapo (1963: 84)
piSe, da je vrsta Acteocina lajonkaireana najdena
v Dunajski kotlini, na Madzarskem, v Romuniji
in Ukrajini. Strausz (1966: 682) predstavlja
primerek iz miocenskih plasti najdis¢a Varpalota
na Madzarskem. StaNcU in ANDREESCU (1968: 465)
akteocine omenjajo iz tortonijskih skladov najdis¢
Delinesti in Rugi v Romuniji. Kosumpzieva (1969:
118) jih omenja iz spodnjega in srednjega sarmatija
Bolgarije. LuBunescu in PavNorescu (1970: 149)
vrsto Acteocina lajonkaireana omenjajo iz
sarmatijskih plasti Romunije, Moldavije, Pojske in
Avstrije. Stancu in Popescu (1970: 177) jo omenjata
iz tortonijskih plasti Romunije. ANDREESCU in
Pararanoror (1970: Tabel. 1) akteocino navajajo iz
spodnje in zgornjesarmatijskih plasti Romunije.
Nicorict (1971: PL. 7) jih predstavlja iz sarmatijskih
najdis¢ Cioncu, Piriul inViginilor v Romuniji. Huica
in sod. (1972: 356-357) jo omenjajo iz ervilijskih
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in maktrinih plasti Romunije. CamNta (1973: 285)
akteocine omenja iz spodnjesarmatijskih plasti
TransilvanijevRomuniji. ZLiNsKAin FORDINAL (1995:
75) polzjo hiSico vrste Acteocina lajonkaireana
predstavljata iz spodnjesarmatijskih skladov
Slovaske. HarzHAUSER (2002: 63-66, 127) vrsto
Acteocina lajonkaireana opisuje iz karpatijskih
skladov avstrijskih najdis¢ Teiritzberg pri kraju
Stetten, Weinsteig in Kleinebersdorf. HARZHAUSER
in KowaLKE (2002: 74) jo opisujeta iz sarmatijskih
plastinajdiS¢a St. Margarethen na vzhodu Avstrije.
Harzrauser (2003: 198) jo omenja iz karpatijskih
skladov kotline Korneuburg v Avstriji. LUKENEDER
in sod. (2011: 772-773) jo predstavljajo iz plasti
zgornje ervilijske cone najdisca Kettlasbrunn
v Avstriji. HoabpmovA & ForpiNAL (2013: 40)
jo predstavljata iz zgornjebadenijskih plasti
najdiS§¢éa Modra - Kralova blizu Bratislave na
Slovaskem. TAmas s sod. (2013: 78) vrsto Acteocina
lajonkaireanapredstavljajoiz spodnjesarmatijskih
plasti Romunije, nadalje Se pisSejo, da so jo nasli
tudi v Avstriji, Bolgariji, na Madzarskem in
Slovaskem ter v Ukrajini.

Sistematska razvrstitev §koljk po: Scuurrz 2001;
2003 in 2005

Ordo Mytiloida Férussac, 1822
Superfamilia Mytilacea Rafinesque, 1815
Familia Mytilidae Rafinesque, 1815
Subfamilia Crenellinae H. Adams & A. Adams,
1857
Genus Musculus Roding, 1798

Musculus sarmaticus (Gatujev, 1916)
Tab. 1, sl. 6-8

1954 Musculus sarmaticus (Gatuev). — Papp, 62,
Taf. 1, Figs. 4,5

1959 Musculus sarmaticus (Gatuev) — Bopa, 589,
Tab. 1, figs. 8-9; Tab. 2, figs. 1-3

1960 Modiola sarmatica Gat. — VapAsz, 605, Tab.
59, Fig. 2

1969 Musculus sarmaticus (Gatuev, 1916) -
Kosumpzieva, 56, Tabl. 20, Figs. 4a-4b, 5-6;
Tabl. 21, Fig. 1

1970 Musculus sarmaticus (Gat.) — ANDREESCU &

Paraianoror, PL. 1, Fig. 3

Musculus (Musculus) sarmaticus (Gatujev) —

Parp, 357, Taf. 12, Figs. 4,5

2001 Musculus (Musculus) sarmaticus (Gatujev,

1916) — Scuurrz, 109, Taf. 8, Figs. 16a-16b

Musculus sarmaticus (Gatuev, 1916) —

LukeneDER et al,, 771, Fig. 3 A - A,

1974

2011

Material: Trije primerki iz PMS na sivem
nekarbonatnem muljevcu (tabela 2). Najvecja
(12/1) in najbolje ohranjena desna lupina,
desna lupina (12/2) z razpoko in poSkodovanim
ventralnim robom in desna lupina s poSkodovanim
ventralnim robom (12/3).

Opis: Oblika lupin je ovalna oziroma tipi¢no
mitilidna, razpotegnjena po viSini. Lupine imajo
ozek dorzalen in polkrozen ventralen rob. Vrh je

povit in zaSiljen, sprednji rob je strm in raven,
zadnji rob je zaobljen in polozen. Od vrha blizu
sprednjega roba poteka ozek greben, ki se proti
ventralnemu delu razsiri. PovrSina lupine je
prekrita s tankimi radialnimi rebreci.

Tabela 2. Velikost primerkov vrste Musculus sarmaticus
(Gatujev) iz paleontoloske zbirke Prirodoslovnega muzeja
Slovenije.

Table 2. Size of specimens of Musculus sarmaticus (Gatujev)
from the collection of Slovenian Museum of Natural History.

Primerki Dolzina Visina Debelina
o (Length) (Height) (Thickness)
(Specimens)
mm mm mm
12/1,T.1,s1. 6 12 18 Y5 -5
12/2,T.1,sl. 7 9 16 Y 4
12/3,T.1,sl. 8 9 ~14 Y% -3,5
Primerjava: Hmeer (1897: 203, Fig. 21)
je iz sarmatijskih plasti najdiséa Waldhof

juznozahodno od Gradca v Avstriji opisal novo
vrsto Modiola norica, ki je velikostno in oblikovno
zelo blizu vrste Musculus sarmaticus. Morda gre
celo za isto vrsto?

Pripombe: Rapo (1963: 85, Fig. 5) prikazuje
ekoloske zna€ilnosti posameznih sarmatijskih
mehkuzcev. Skoljka vrste Musculus sarmaticus
pripada infavni in sodi med limnivore do braki¢ne
organizme.

Stratigrafska in geografska razsirjenost: Parp
(1954: 62) piSe, da je vrsta Musculus sarmaticus
najdena v Dunajski kotlini v sarmatijskih
ervilijskih in maktrinih plasteh kar pomeni, da je
ta vrsta prisotna skozi celoten sarmatij. Bopa (1959:
589) jih opisuje iz sarmatijskih plasti Madzarske.
Rapo (1963: 84) piSe, da je ta Skoljcna vrsta
ugotovljena v Dunajski kotlini, na Madzarskem,
v Romuniji in Ukrajini. Kojumpzieva (1969: 57)
navaja, da ta Skoljé¢na oblika nastopa v Bolgariji
v spodnjem in srednjem sarmatiju. ANDREESCU in
Papatanoror, (1970: PL. 1, Tabel. 1) jo prestavljata
iz sarmatijskih plasti najdiS¢éa valea Sipotelu
v Romuniji. Najdena je v vseh sarmatijskih
horizontih, najbolj pogostna je v srednjem delu
sarmatija. Nicorict (1971: 216) vrsto Musculus
sarmaticus omenja iz sarmatijskih plasti z
obmocjaVirciorog v Romuniji. HuicA in sod. (1972:
356-357) jo omenjajo iz sarmatijskih ervilijskih in
maktrinih plasti Romunije. Papp (1974: 358) piSe,
da je v sarmatiju razsirjena po celotni Centralni
Paratetidi. Scaurrz (2001: 111-114) pise, da je ta
vrsta najdena v Stevilnih avstrijskih nahajalis¢ih
v razlicnih sarmatijskih horizontih. Drugod v
Centralni Paratetidi je najdena v sarmatijskih
skladih Slovenije, Hrvaske, Madzarske, Slovaske,
Poljske, Romunije, Bolgarije, Bosne in Srbije.
Ugotovljena je tudi v ve¢ najdis¢ih sarmatijskih
plasti v Vzhodni Paratetidi. HARZHAUSER in PIiLLER
(2004: 98) omenjajta najdbe vrste Musculus
sarmaticus iz spodnjesarmatijskih plasti najdis¢
St. Margarethen in Hummel Quarry v Kkotlini
Eisenstadt — Sopron. LUKENEDER in sod. (2011: 771)
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prikazujejo primerek vrste Musculus sarmaticus
iz bessarabijskih plasti najdis¢a Zavjetnoje na
polotoku Krim. Mikuz in Gasparic (2014: 46)
omenjata Skoljko vrste Musculus sarmaticus
(Gatujev, 1916) iz sarmatijskih plasti najdisca
Osek. M1kuz in Gasparic (2015: 48) predstavljata
spodnjesarmatijsko Skoljko Musculus sarmaticus
iz Oseka v Slovenskih goricah.

Superfamilia Mactroidea Lamarck, 1809
Familia Mactridae Lamarck, 1809
Subfamilia Mactrinae Lamarck, 1809
Genus Sarmatimactra Korobkov, 1954

Sarmatimactra eichwaldi (Laskarev, 1914)
Tab. 1, sl. 9-12; tab. 2, sl. 1-8

1954 Mactra vitaliana eichwaldi Laskarev. — Papp,
90, Taf. 17, Figs. 1-5

1959 Mactra vitaliana eichwaldi Laskarev — Bopa,
599, tab. 14, figs. 10-18

1969 Mactra (Sarmatimactra) eichwaldi
Laskarev, 1914 — KojuMmpzIEvA, 19, Tabl. 3,
Figs. 5a-5b, 6a-6b, 9a-9b, 10a-10b

1974 Mactra eichwaldi Laskarev — Papp, 364, Taf.
16, Figs. 1-5

2003 Mactra (Sarmatimactra) vitaliana eichwaldi
Laskarev, 1914 — Scuurrz, 650, Taf. 90, Figs.
17a-17b, 18a-18b, 19a-19b

2008 Sarmatimactra eichwaldi (Laskarev, 1914) —
Manpric et al., 351, Fig. 7 b

2011 Sarmatimactra eichwaldi (Laskarev, 1914) —
Harznauser et al., 172, Fig. 3.5

Tabela 3. Velikost primerkov vrste Sarmatimactra eichwaldi
(Laskarev). Primerki z oznako OG so iz paleontoloske zbirke
Oddelka za geologijo, Univerze v Ljubljani, ostali primerki so
iz paleontoloske zbirke Prirodoslovnega muzeja Slovenije.

Table 3. Size of specimens of Sarmatimactra eichwaldi
(Laskarev). Specimens marked with OG are from the
paleontological collection of Department of geology, University
of Ljubljana, all others are from the paleontological collection
of Slovenian Museum of Natural History.

Primerki Dolzina Vié‘ina quelina
e (Length) (Height) (Thickness)
mm mm mm
12/4,T.1,s1.9 20 15 Y5 -5
12/5,T.1,sl. 10 18 13 Yo -4
12/6,T. 1,sl. 11 14 12 Y5 -4
12/7,T. 1,5l 12 17 13 Y 4
12/8,T.2,sl. 1 16 12 Y5 -4,5
12/9,T. 2,sl. 2 17 13 ~ 7
12/10,T. 2,s1. 3 16 12 Y5 -4
12/11,T. 2,sl. 4 15 12 Vo ~4
12/12,T. 2,sl.5 10 8 % 35
0G-1,T.2,sl. 6 12 11 Y% 4
0G-2,T. 2,sl. 7 16,5 14 Yo -4
0G-3,T.2,sl.8 24 18 Yo ~4

Material: Devet  primerkov v  sivem
nekarbonatnem muljevcu z rastlinskimi ostanki iz
PMS. Tri leve lupine (12/4, 12/5 in 12/6), pet desnih
lupin (12/7, 12/8, 12/10, 12/11 in 12/12) ter desna
lupina s kamenim jedrom leve lupine (12/9). Dodali
smo Se tri primerke iz paleontoloske zbirke Oddelka
za geologijo OG-1, OG-2 in OG-3 (tabela 3).

Opis: Lupine so majhne in simetri¢ne, trikotne
oblike z dolZinami med 10 in 20 mm ter viSinami
od 8 do 15 mm. Velik obvrsni del z vrhom je blizu
sredine lupine. Sprednji rob je kratek, polkrozen
in strm, zadnji je bolj raven, poloznejsi, daljsi z
vzporedno potekajoéim grebenom, spodnji ali
ventralen rob je polkrozen. Na povrsini so vidne
Stevilne drobne koncentri¢ne prirastnice.

Stratigrafska in geografska razsirjenost: Papp
(1954: 90) piSe, da ta Skoljéna vrsta nastopa
v sarmatijskih rizojskih in ervilijskih skladih
Dunajske kotline. Bopa (1959: 599) jo predstavlja
iz spodnjesarmatijskih skladov Madzarske.
Kosumpzieva (1969: 20) pise, da vrsta nastopa v
spodnjem sarmatiju Bolgarije. Parp (1974: 365)
omenja, da je pogostna v Centralni Paratetidi v
spodnjem sarmatiju, v ervilijskih skladih. ScuurTz
(2003: 651-653) pise, da je vrsta najdena v Stevilnih
sarmatijskih lokacijah Avstrije. V drugih delih
Paratetide je ugotovljena v sarmatiju na Poljskem,
v Romuniji, Moldaviji, Ukrajini, na Madzarskem,
Slovaskem, Bolgariji, Bosni, Srbiji in drugod.
Manpic in sod. (2008: 351) prikazujejo lupino
tovrstne sarmatimaktre iz sarmatijskih skladov
severnovzhodnega predela Avstrije. HARZHAUSER
in sod. (2011: 172-173) vrsto Sarmatimactra
eichwaldi omenjajo iz zgornje ervilijske cone
srednjega sarmatija in iz zgornjega sarmatija.

Familia Mesodesmatidae Gray, 1840
Subfamilia Erviliinae Dall, 1895
Genus Ervilia Tourton, 1822

Ervilia dissita (Eichwald, 1830)
Tab. 2,s1. 9-10

1954 Ervilia dissita dissita (Eichwald) — Papp, 88,
Taf. 11, Figs. 18-21

1959 Ervilia dissita dissita Eichwald — Bopa, 597,
tab. 13, figs. 5-10

1969 Ervilia dissita dissita (Eichwald, 1830) -
Kosumpzieva, 27, Tabl. 8, Figs. 1a-1b, 2a-2b, 3

1974 Ervilia dissita dissita (Eichwald) — Papp,
366, Abb. 62, Figs. 1-5,11-14

2003 Ervilia dissita dissita (Eichwald, 1830) —
Scuurrz, 681, Taf. 95, Figs. 6a-6c¢, Ta-Tc

2011 Ervilia dissita (Eichwald, 1830) — LURENEDER
etal,771,Fig. 3 G, - G,

2011 Ervilia dissita (Echwald, 1830) - HARZHAUSER
etal, 172, Fig. 3.4

2013 Ervilia dissita (Eichwald, 1830) — TAmas et
al., 67, Fig. 2a

Material: Ena poskodovana lupina (12/13)
iz PMS v sivem laminiranem muljevcu. Iz
paleontoloSke zbirke Oddelka za geologijo smo
dodali se primerek OG-4 (tabela 4).
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Opis: Ohranjena je majhna desna lupina z
vrhom nekoliko pomaknjenim proti sprednjemu
delu. Sprednji rob je kratek in polkrozen, zadnji
raven, dalj$i in poloznejsi. Zakljuéni spodnji
del zadnjega roba je odlomljen. Spodnji rob je
najdaljsi in polkroZen. Lupina je rahlo izbocena,
na njeni povrsini so Stevilne zelo tanke prirastne
linije. Lupine opisane vrste so obicajno zelo
majhne, velike vsega nekaj mm.

Tabela 4. Velikost primerkov vrste Ervilia dissita (Eichwald).
Primerek z oznako OG je iz paleontoloske zbirke Oddelka
za geologijo, Univerze v Ljubljani, drug primerek je iz
paleontoloske zbirke Prirodoslovnega muzeja Slovenije.

Table 4. Size of specimens of Ervilia dissita (Eichwald).
Specimen marked with OG is from the paleontological
collection of Department of geology, University of Ljubljana,
the other is from the paleontological collection of Slovenian
Museum of Natural History.

Primerki Dolzina Visina Debelina
. (Length) (Height) (Thickness)
(Specimens)
mm mm mm
12/13,T.2,s1. 9 8 6 ¥ -2,5
0G-4,T. 2,sl. 10 10 7 Y5 -3
Opomba: Rapo (1963: 85, Fig. 5) uvrsca

vrsto Ervilia dissita k infavni in med limnivore
organizme braki¢nega okolja.

Stratigrafska in geografska razSirjenost:
Parp (1954: 88) pise, da so primerki vrste Ervilia
dissita najdeni v Dunajski kotlini v sarmatijskih
rizojskih in ervilijskih plasteh. Bopa (1959: 597)
jo opisuje iz sarmatijskih plasti Madzarske. Rapo
(1963: 84) piSe, da so tovrstne ervilije najdene v
Dunajski kotlini, na Madzarskem, v Romuniji in
Ukrajini. KojuMmpzieva (1969: 27) pise, da tovrstne
ervilije nastopajo v spodnjem in srednjem
sarmatiju Bolgarije. ANDREESCU in PaparanopoL
(1970: Tabel. 1) jo omenjata iz sarmatijskih
skladov Romunije. Nicorict (1971: 220) predstavlja
ervilije iz sarmatijskih plasti Romunije. MULDINI-
Mawmvuzi¢ in sod. (1974: 95-101) omenjajo ervilije
iz sarmatijskih skladov Slovenije, Hrvaske,
Bosne in Srbije. Papp (1974: 366) piSe, da vrsta
Ervilia dissita nastopa v sarmatijskih skladih
Centralne in Vzhodne Paratetide. Ugotovljene
so v skladih z mohrensternijami, v zgornjem
delu skladov z ervilijami in v skladih maktra,
kjer so ze razmeroma redke. Suurrz (2003: 633-
684) piSe, da so ervilije najdene v Stevilnih
avstrijskih najdis¢ih sarmatijskih plasti. Drugod v
Centralni Paratetidi je ugotovljena v sarmatijskih
skladih Poljske, Slovaske, Romunije, Madzarske,
Hrvaske, Bolgarije, Bosne in Slovenije (Slovenske
gorice). Nasli so jih tudi v sarmatiju Vzhodne
Paratetide. HarzoAUSER in PrLEr (2004: 98)
omenjajta najdbe podvsrte Ervilia dissita dissita
(Eichwald) iz spodnjesarmatijskih plasti najdis¢
St. Margarethen in Hummel Quarry v kotlini
Eisenstadt — Sopron. Manpic in sod. (2008: 351) jo
omenjajo iz sarmatijskih plasti severnovzhodnega
predela Avstrije. LUuKENEDER in sod. (2011: 771)
prikazujejo lupino vrste Ervilia dissita iz zgornjih
ervilijskih plasti najdis¢a Hauskirchen v Avstriji.
Harzuauser in sod. (2011: 172-173) omenjajo

vrsto Ervilia dissita iz srednjesarmatijskih plasti
Dunajske kotline. Timas in sod. (2013: 67-69)
jo opisujejo iz sarmatijskih plasti vzhodnega
predela Romunije. Mikuz in Gasparic (2015: 49)
iz spodnjesarmatijskih plasti Oseka v Slovenskih
goricah predstavljata Skoljko vrste Ervilia dissita.

Superfamilia Veneroidea Rafinesque, 1815
Familia Veneridae Rafinesque, 1815
Subfamilia Tapetinae H. Adams & A. Adams,
1857
Genus Venerupis Lamarck, 1818

Venerupis dissita (Eichwald, 1830)
Tab. 2,sl. 11-15

1954 Irus (Paphirus) gregarius dissitus
(Eichwald). — Parp, 83, Taf. 16, Figs. 6-9

1959 Irus (Paphirus) gregarius dissitus (Eichwald)
— Bopa, 596, tab. 11, figs. 4-8

Irus (Paphirus) gregarius dissitus (Eichwald)
— Papp, 373, Taf. 15, Figs. 6-9

Venerupis (Paphirus) gregarius dissitus
(Eichwald) — Scaurrz, 132-133, Taf. 60, Fig. 2
Venerupis (Paphirus) gregaria  dissita
(Eichwald, 1830) — Scuurrz, 951, Taf. 142,
Figs. 4a-4b, ba-bb

1974
1998

2005

Material: Tri leve lupine (12/14, 12/15, 12/16)
iz PMS v sivem nekarbonatnem sljudnatem
peséenem muljevcu z rastlinskimi ostanki in ena
cela Skoljka v kamnini (12/17). Ena cela $koljka
OG-5 je iz paleontoloske zbirke Oddelka za
geologijo (tabela 5).

Opis: Lupine so majhne, asimetri¢ne s povsem
pomaknjenim vrhom k sprednjemu robu. Vrh je
ozek in majhen. Sprednji rob je zelo strm, kratek
in polkroZen, zadnji rob je daljsi in poloZnejsi,
spodnji je najdaljsi in blago polkrozen. Lupine
so bolj izbocene in tanke. Njihova povrSina je
prekrita s Stevilnimi koncentriénimi prirastnimi
linijami.

Tabela 5. Velikost primerkov vrste Venerupis dissita
(Eichwald). Primerek z oznako OG je iz paleontoloske zbirke
Oddelka za geologijo, Univerze v Ljubljani, ostali primerki so
iz paleontoloske zbirke Prirodoslovnega muzeja Slovenije.

Table 5. Size of specimens of Venerupis dissita (Eichwald).
Specimen marked with OG is from the paleontological
collection of Department of geology, University of Ljubljana,
all others are from the paleontological collection of Slovenian
Museum of Natural History.

Primerki Dolzina Visina Debelina
. (Length) (Height) (Thickness)
(Specimens)

mm mm mm
12/14,T. 2,sl. 11 16 13 Y5 -4
12/15,T. 2, sl. 12 14 12 Y -4
12/16,T. 2,sl. 13 15 13 Y5 -45
12/17,T. 2,sl. 14 12 10 ~6
0G-5,T. 2,sl. 15 10 8 45

Stratigrafska in geografska raz$irjenost: Papp
(1954: 83) pise, da vrsta nastopa v sarmatijskih
ervilijskih plasteh Dunajske kotline. Bopa (1959:
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596) prikazuje ve¢ lupin Skoljke Venerupis dissita iz
sarmatijskih plasti v okolici Sopronana Madzarskem.
Papp (1974: 373) jih omenja iz ervilijskih plasti
najdis¢ vzhodno od Alp in na Madzarskem. ScHULTZ
(1998: 132) jo predstavlja iz sarmatijskih ervilijskih
plasti Burgenlanda v Avstriji. HARZHAUSER in PIiLLER
(2004: 98) omenjajta najdbe podvsrte Venerupis
gregarius dissitus (Eichwald) iz spodnjesarmatijskih
plasti najdis¢a Hummel Quarry v kotlini Eisenstadt
— Sopron. Scuurrz (2005: 955) omenja primerke
vrste Venerupis dissita iz ervilijskih plasti Avstrije,
Madzarske, Slovaske, Poljske, Romunije, Moldavije,
Hrvaske, Bosne in Srbije. Iz spodnjesarmatijskih
plasti najdiS¢éa Osek-1 v Slovenskih goricah
predstavljata Mikuz in Gasparic (2015: 49) primerek
vrste Venerupis dissita.

Zakljucki

Fosilni mehkuzci so najdeni v sivorjavem,
sljudnatem in slabo vezanem apnenc¢evem peS¢enjaku,
v sivem laminiranem muljevecu, v peS¢enem sljudnatem
in nekarbonatnem muljevcu najdisca Osek-1 pri
Spodnjem Oseku v Slovenskih goricah (sl. 1a-b).

Ugotovljene  vrste mekuzcev  Acteocina
lajonkaireana (Basterot,1825), Musculus sarmaticus
(Gatujev,1916),Sarmatimactraeichwaldi(Laskarev,
1914), Ervilia dissita (Eichwald, 1830) in Venerupis
dissita (Eichwald, 1830) dolocajo plastem najdisca
Osek-1 sarmatijsko starost. Po zelo majhnih
hiSicah polza Acteocina lajonkaireana (Parp 1954:
60), po stevilnih primerkih vrste Sarmatimactra
eichwaldi in po Skoljéni vrsti Venerupis dissita
pa sklepamo, da pri Spodnjem Oseku izdanjajo
spodnjesarmatijske plasti.

V najdis¢u Osek-1 je prisoten tudi ooidni
horizont, z ooidnimi peski, pesc¢enjaki in apnenci.
Ooidni apnenec je prepreden s Stevilnimi votlinicami
z odtisi raztopljenih sarmatijskih polZjih hiSic. Ooidi

kazejo na toplo, plitvo in razgibano morsko do
braki¢no okolje. Nekaj podobnega so registrirali v
spodnjem sarmatiju avstrijskih najdis¢ Hauskirchen,
Siebenhirten, Kettlasbrunn in Nexing v severnem
delu Dunajske kotline (LURENEDER et al., 2011). To
pomeni, da so bile takratne sarmatijske okoljske
razmere tudi v bazenu Mura-Zala v Centralni
Paratetidi zelo podobne.

Sarmatian molluscs from site Osek-1 in
Slovenske gorice, Slovenia

Conclusions

From Osek-1 fossil site we described from fine
sandy silt, silty sand and marl a Sarmatian molluscs
assemblage with gastropod Acteocina lajonkaireana
(Basterot, 1825) and four bivalves Musculus
sarmaticus  (Gatujev, 1916), Sarmatimactra
eichwaldi (Laskarev,1914), Ervilia dissita (Eichwald,
1830) and Venerupis dissita (Eichwald, 1830). Small
gastropods Acteocina lajonkaireana (Papp 1954:
60) and large number of specimens Sarmatimactra
eichwaldi and Venerupis dissita are characteristic
for Lower Sarmatian age. From Osek-1 site the
oolitic horizons with oolitic limestone, oolitic sand
and oolitic grainstone is detected, with abundant
dissolved molluscs shells (gastropods and bivalves).
Oolitic deposits are typical for Sarmatian beds in
Central Paratethys, with best documented sections
in Vienna Basin (LuxeneDER et al. ,2011). Similar
oolitic horizons as at site Osek-1, can be traced also
in Neogene of the Styrian Basin and Mura - Zala
Basin in the Mura Depression.

Zahvale

Gospodu Franciju Golobu s Ptuja se zahvaljujemo za
fosilni inventar iz najdis¢a Osek-1 pri Spodnjem Oseku,
za fotografske usluge se zahvaljujemo sodelavcu Mateju
Fistru z Oddelka za geologijo, Naravoslovnotehniske
fakultete, Univerze v Ljubljani.

TABLA 1-PLATE 1
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20 x 15 x 5 mm

Acteocina lajonkaireana (Basterot, 1825); I/1, Osek-1, velikost primerka/ size of specimen 7,5 x 3 mm
Acteocina lajonkaireana (Basterot, 1825); 1/2, Osek-1, velikost primerka/ size of specimen 7 x 2,5 mm
Acteocina lajonkaireana (Basterot, 1825); H/2, Osek-1, velikost primerka/ size of specimen 6,5 x 3 mm
Acteocina lajonkaireana (Basterot, 1825); H/3, Osek-1, velikost primerka/ size of specimen 6 x 2,5 mm
Acteocina lajonkaireana (Basterot, 1825); H/1, Osek-1, velikost primerka/ size of specimen 5 x 3 mm
Musculus sarmaticus (Gatujev, 1916); 12/1, Osek-1, velikost primerka/ size of specimen 12 x 18 x 5 mm
Musculus sarmaticus (Gatujev, 1916); 12/2, Osek-1, velikost primerka/ size of specimen 9 x 16 x 4 mm
Musculus sarmaticus (Gatujev, 1916); 12/3, Osek-1, velikost primerka/ size of specimen 9 x 14 x 3,5

Sarmatimactra eichwaldi (Laskarev, 1914); 12/4, Osek-1, velikost primerka/ size of specimen

10  Sarmatimactra eichwaldi (Laskarev, 1914); 12/5, Osek-1, velikost primerka/ size of specimen

18 x 13 x 4 mm

11 Sarmatimactra eichwaldi (Laskarev, 1914); 12/6, Osek-1, velikost primerka/ size of specimen

14 x 12 x 4 mm

12 Sarmatimactra eichwaldi (Laskarev, 1914); 12/7, Osek-1, velikost primerka/ size of specimen

17 x 13 x 4 mm
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Abstract

The stable isotopic composition of oxygen and hydrogen (6'*O and ¢*H) and the tritium activity (A) were
monitored in precipitation at synoptic station Portoroz (Slovenia) during the period 2007-2010. Monthly and
yearly isotope variations are discussed and compared with those observed over the period 2001-2006 and with
the basic meteorological parameters. The mean values for 6'*0 and ¢*H, weighted by precipitation, are —6.28 %o
and —41.6 %o, and these values are 0.35 %o and 1.6 %o, higher but not significantly different than for the period
2001-2006. The reduced major axis (RMA) local meteoric water line (LMWL, ) for the period 2007-2010 is 6°H
= (8.14 + 0.25)x0™0 + (8.28 + 1.64), while the precipitation weighted least square regression (PWLSR) results in
LMWL, oz 0°H = (7.87 £ 0.28)x0"0 + (7.97 = 1.87). The deuterium excess () weighted mean value is 8.6 %o and is
1.2 %o lower than in 2001-2006, while the temperature coefficient of 6*0 is 0.21 %0/°C and is for 0.02 %./°C higher
than for the previous period. The mean Mediterranean precipitation index (MI) for the period 2007-2010 is 2.3.
Lower values of MI and deuterium excess than in the preceding period indicate stronger continental climatic
character during observation period, however the differences are not statistically significant. The weighted mean
tritium activity is 6.4 TU, which is 0.5 TU lower but not significantly different than in 2001-2006.

Izvleéek

V prispevku obravnavamo izotopsko sestavo kisika in vodika (%0 in 6?H) ter aktivnosti tricija (A) v mese¢nih
vzorcih padavin, ki smo jo spremljali na sinopti¢ni postaji Portoroz (Slovenija) v obdobju 2007-2010. Analizirali
smo mesecne in letne spremembe izotopske sestave padavin in jih primerjali z nizom podatkov za obdobje 2001-
2006 ter z osnovnimi meteoroloskimi parametri. Srednje tehtane vrednosti 6®0 in ¢*H dolo¢ene ob upostevanju
izmerjene koli¢ine padavin znasajo —6,28 %0 in —41,6 %o in so za 0,35 %o oziroma 1,6 %o vi$je kot v obdobju 2001-
2006, vendar so razlike statisti¢no neznacilne. Lokalno padavinsko premico (LMWL, ) za obdobje 2007-2010
zapiSemo kot 6°H = (8,14 = 0,25)x6"0 + (8,28 = 1,64), ob upostevanju koli¢ine padavin pa kot LMWL, .. 6°H =
(7,87 £ 0,28)x0*0 + (7,97 = 1,87). Srednja tehtana vrednost devterijevega presezka () znasa 8,6 %o in je za 1,2 %o
nizja kot v obdobju 2001-2006, medtem ko je temperaturni koeficient za 60 za 0,02 %0/°C visji kot v primerjalnem
obdobju in znasa 0,21 %0/°C. Srednja vrednost indeksa mediteranskosti padavin (MI) znasa 2,3. Nizje vrednosti
MI in devterijevega presezka nakazujejo v opazovanem obdobju bolj kontinentalni znac¢aj podnebja, vendar so
razlike statisticno neznacilne. Srednja tehtana vrednost tricijeve aktivnosti znasa 6,4 TU in je za 0,5 TU nizja kot
v obdobju 2001-2006, a je tudi ta razlika statisti¢no neznacilna.

Introduction

Since initiation of the Global Network
of Isotopes in Precipitation (GNIP) by the
International Atomic Energy Agency (IAEA) and
the World Meteorological Organisation (WMO)
in 1958 the importance and need of a systematic
collection of data on the isotopic composition,
i.e. stable isotopes of oxygen (expressed as 6'%0)

and hydrogen (expressed as 6°H) and radioactive
hydrogen isotope (tritium, *H), of precipitation
across the globe to determine temporal and spatial
variations in isotope ratios in precipitation, is
steadily increasing. Initially GNIP was focused
on monitoring atmospheric thermonuclear test
fallout through levels of radioactive tritium and,
after 1970, became an important observation
network of stable oxygen and hydrogen isotope



234

Polona VRECA, Ines KRAJCAR BRONIC & Albrecht LEIS

composition data for hydrologic investigations
of water resources (INTERNET 1). The past decade
has experienced increasing demand for accurate
spatial and temporal predictions of point,
regional, and continental-scale 6*0O and ¢&*H
values in precipitation, especially for some
regions where little or no GNIP data existed
(TerzER et al., 2013). The main reason for steadily
increasing application of water isotopes remains
their importance in hydrologic and hydrogeologic
investigations of water resources, in verification
and improvement of atmospheric -circulation
models and in investigation of regional, global
and temporal climates. In addition, it was revealed
that the 6'*0 and 62H values of some plant, animal,
and human tissues closely mirrored isotopic
patterns of precipitation (HoBsoN & WASSENAAR,
1997; BoweN et al., 2005) and therefore use of
stable water isotopes expanded also in ecological,
wildlife, food source traceability, and forensic
sciences (TerzeR et al., 2013).

The only radioactive constituent of water
molecule is tritium, *H, with the half-life of 12.32
yr (Lucas and UNTERWEGER, 2000; INTERNET 2). It is
produced naturally in the upper atmosphere by
reaction of cosmic-rays neutron with atmospheric
nitrogen (INTERNET 2). The tritium with
atmospheric oxygen subsequently forms tritiated
water (*H?HO) molecule that in turn reaches the
Earth’s surface through precipitation. However,
most of the tritium present in the atmosphere and
hydrosphere is of anthropogenic origin, i.e., tritium
was released in atmospheric thermonuclear tests
during 1960’s, reaching in 1963 several orders of
magnitudes higher tritium activity concentration
in the atmosphere than the natural levels. After
the test ban treaty in 1963, atmospheric tritium
activity has been decreasing almost exponentially
in the following decades, while during last 10-
15 years the mean tritium activity has not been
significantly changed (Krajcar Broni¢ et al,
2006; Vreca et al.,, 2014; InTeERNET 2). Nowadays,
tritium has reached in precipitation levels similar
to those occurring before the thermonuclear
tests, about 5 TU in central Europe (INTERNET 2).
These low and constant concentrations limit
the use of tritium in hydrogeological studies.
However, tritium can be used to investigate
atmospheric vapour migration under different
meteorological conditions, especially if the
sources of water vapour differ (Kicosar & YONEDA,
1970; UNNIKRISHNAN WARIER et al., 2013). Due to the
water vapour exchange between the atmosphere
and the sea (ocean) surface, coastal and oceanic
stations show considerably lower tritium activity
than the continental stations because the moisture
evaporating from the sea/ocean is low in tritium
content (EmmALT, 1971; VRECA et al, 2006). With
the more-or-less natural tritium levels in modern
precipitation, the technogenic emissions of tritium
(from nuclear facilities, or from manufacturing or
disposal of luminous consumer products, planned
fusion demo facilities) are becoming more and
more visible (HeBerT, 1990; Rozanskr et al., 1991;

Marsumoro et al., 2013), and the knowledge of
natural tritium distribution remains important
from the environmental pollution point of view
(TaompsoN et al., 2015; Uepa et al,, 2015).

Regular monitoring of the oxygen and
hydrogen isotopic composition of precipitation
in the coastal area of SW Slovenia is important
not only for studying the isotopic patterns of
local meteorological conditions, but also for
improvement of the knowledge of the isotopic
input signal needed for hydrogeological studies of
the large karstic springs used for water supply in
the area (VreCa et al.,2007) and other applications.
Therefore, monitoring of the isotopic composition
of precipitation in Portoroz (SW Slovenia) has
been performed by the Jozef Stefan Institute
(JSI) since 2000 (VreCa et al., 2005, 2006, 2007,
2011). To begin with, monitoring was performed
in cooperation with the Slovenian Environment
Agency (ARSO), the Ruder Boskovi¢ Institute (RBI;
Zagreb, Croatia) and the TAEA (Vreca et al. 2005,
2006). Since 2004 the JSI has also cooperated with
Joanneum Research (JR; Graz, Austria). Details
on the isotope monitoring until 2006, together
with data evaluation, have been reported in VRECA
et al. (2005, 2006, 2007, 2011). The isotope data
obtained until 2006 for Portoroz (Vmeca et al.,
2005, 2006, 2007, 2011) are also available in the
GNIP database. The data were used in different
hydrogeochemical investigations of aquifers in
Slovenia (Brencic, 2009; Mezca, 2014; MEezga et al.,,
2014; VERBOVSEK & KANDUC, 2015), Croatia (MANDIC
et al.,, 2008) and in Italy (CuccHh et al., 2008), as
well as in investigations of precipitation (LioTTa et
al., 2008; Vopira et al., 2011; MicHELINI, 2013; VRECA
et al., 2014; BreEncCIC et al., 2015, Kovacie, 2015),
moisture recycling in Alpine regions (FROEHLICH et
al., 2008) and identification and characterisation
of nitrate pollution sources in Marano lagoon in
Italy (Saccon et al., 2013).

The main purpose of this paper is to present
new results concerning the isotopic composition of
precipitation at Portoroz for the period 2007-2010
and to compare them with those for the period
2001-2006 (VrECA et al., 2011).

Materials and methods
Sampling

Monthly composite precipitation has been
sampled since October 2000 at the synoptic
meteorological station Portoroz (45°28'N, 13°37’E;
2m a.s.l.) which is located at the airport and is part
of the Slovene national meteorological network
maintained by the ARSO (InTeErNET 3). The station
is included in the GNIP under the station name
Portoroz and has the GNIP code 1410500.

Water samples were collected by the staff of the
meteorological station from standard precipitation
gauge three times daily. After measuring the
amount of precipitation the sample was poured
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into a 5-litre plastic bottle with a well tight cap
to avoid evaporation and kept in a dark place.
After bringing the samples to the laboratory the
impurities (e.g. dust, particles) were removed from
the sample by filtration (Whatman Grade 589,
Black Ribbon) before taking aliquots for different
isotope analyses. Then a 50 mL glass bottle was
filled for the stable isotope analysis of oxygen and
hydrogen and the rest of the water was transferred
to 0.5 or 1 L high density polyethylene (HDPE)
bottles for tritium analysis. During the sampling
period April 2007 was very dry with only 2.2 mm
precipitation which was not sufficient for isotope
analysis.

Meteorological data (amount of precipitation
and air temperature) are available from the ARSO
(INTERNET 3).

Stable isotope analysis

The oxygen isotopic composition (6'0) was
measured by means of the water-CO, equilibration
technique (EpsTeEIN & MavEDA, 1953) on a dual
inlet isotope-ratio mass spectrometer Finnigan
DELTAP™ by means of the fully automated
equilibration technique at JR until February 2007
(seealso VRecaetal. 2011). Since then,a continuous
flow isotope-ratio mass spectrometer IsoPrime
(GV Instruments, UK) coupled to an automatic
water-CO, equilibration system MultiFlow was
used at the JSI. The isotopic composition of
hydrogen was determined on a continuous flow
Finnigan DELTAP" XP mass spectrometer with a
HEKAtech high-temperature oven, by reduction of
water over hot chromium (MogrrisoN et al., 2001) at
JR. Results are reported as 6 values in per mill (%o)
relative to the Vienna-SMOW standard (CopLEN
et al, 2002). All measurements were carried out
together with laboratory standards that were
calibrated periodically against international
standards, as recommended by the IAEA.
Measurement precision was better than +0.1 %, for
00 and =1 %o for 6°H.

Tritium activity

Tritium activity (A) in monthly samples was
determined at the Tritium Laboratory at the
Department of Experimental Physics of the RBI.
Results are expressed in Tritium Units (1 TU
= 0.118 BqL!). The gas proportional counting
technique (GPC) was used until 2009; since
2010, samples have been measured by the liquid
scintillation counting technique (LSC) following
electrolytic enrichment (EE), while during 2008
and 2009 both GPC and LSC-EE techniques were
used, depending on the available sample quantity.
The limit of detection (LOD) was 2.5 TU and 0.5
TU for GPC and LSC-EE techniques, respectively
(for details see BARESIC et al., 2010, 2011; KRAJCAR
Bronic et al., 2013; Vreca et al., 2014).

Tritium activity in three samples (February,
March and April 2010) was determined by the

Group for radiochemistry at the Department
of Environmental Sciences of the JSI following
electrolytic enrichment by liquid scintillation
counting (LSC-EE) on a Tri Carb 3170 TR/SL
Liquid Scintillation Counter (LSC, Canberra
Packard) in accordance with method accredited by
Slovenian Accreditation since 2009 (accreditation
certificate LP-090). The LOD was 2.9 TU.

Data reduction

The approach of data reduction described
by Vreca et al. (2008, 2011, 2014) for Portoroz
and Ljubljana isotope records 2001-2006 and
2007-2010, was used. Basic descriptive statistics,
i.e. mean, minimum and maximum values were
determined and the deuterium excess (d = *H
— 8x0'0; DansGaarD, 1964) was calculated.
For the quantitative characterization of the
Mediterranean character of yearly precipitation
the Mediterranean precipitation index (MI)
introduced by Korpany & Uncer (1992) was
calculated as:

MI = (P P. . )x100/P

X-XI ~ © V-VI year (1)
where P is the sum of precipitation in October
and November (in mm), P, is the sum of
precipitation in May and June (in mm) and P .15
the annual precipitation (in mm).

Furthermore, mean values weighted by the
amount of precipitation were calculated from
all monthly data, and then summed over all
collected samples, per month, over each season:
winter (December, January, February), spring
(March, April, May), summer (June, July, August)
and autumn (September, October, November),
and per year. The minimum required number of
data fulfilled the requirement of eight monthly
measured samples per year and more than 70 %
of total precipitation amount collected per year
(IAEA, 1992).

Linear correlations between 6*H and 6'%0
were calculated by methods usually applied
in stable isotope studies — the ordinary least
squares regression (OLSF) and the reduced
major axis (RMA) regression (IAEA, 1992;
Hucues & CrawrorD, 2012). In addition, we
applied a precipitation weighted least square
regression (PWLSR) method, introduced by
Hucues & CrawrorD in 2012, which takes into
account the precipitation amount in particular
month. The same approach was used by VReCa
et al. (2014) for the 2007-2010 isotope record
at Ljubljana. The lines are defined as local
meteoric water lines (LMWL LMWL, and
LMWL

OLSF’
PWLSR) :

Finally, oxygen-temperature correlation was
calculated using air temperature data provided by
ARSO from station Portoroz for all monthly data
and for the mean monthly data from the studied
period.
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Results and discussion

Meteorological data: Precipitation and
temperature

Temporal variations in precipitation and air
temperature fortheperiod 2007-2010 are presented
in Figure 1. The lowest precipitation was recorded
in April 2007 (2 mm) and the highest in September
2010 (249 mm) (Figure 1), which was much greater
than the mean September precipitation (118 mm)
for the reference period 1981-2010 (INTERNET 3).
In the same months during the period 2007-2010
were minimum and maximum records observed
also for Ljubljana (Vreca et al., 2014). Besides in
2010, very high precipitation was recorded also in
September 2007 (234 mm, Figure 1), although the
total amount of precipitation in 2007 was below
the long-term mean (Table 1).

Annual amounts of precipitation and mean
annual air temperatures in the period 2007-
2010 are summarized in Table 1. The annual
precipitation amount varied between 753 mm
in 2007 and 1,394 mm in 2010, with a mean
value of 1,018 mm (Table 1) which is higher than
during the period 2001-2006 (944 mm, VRECA
et al.,, 2011) and also higher than in 1981-2010
(968 mm, INTERNET 3).In 2010 a record amount of
precipitation was registered (1,394 mm), which
is 40 % more than on the long-term average
(CecNaAR, 2011). In the period 2007-2010 mean
monthly precipitation was higher for February,
March, June, July, September, November
and December and lower for other months
than in 2001-2006 (Figure 2). Autumn and
winter precipitation represent 59 % of annual
precipitation which is 5 % higher than in 2001~
2006 and 3 % higher than in 1981-2010.
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Table 1. Annual amount of precipitation (P), mean annual air temperature (T) and Mediterranean
precipitation index (MI) at station Portoroz. * — data for period 2001-2006 (VrReCA et al., 2011); ** —

data for period 1981-2010 (INTERNET 2).

5 P T
Period / Year (o) ©C) MI
2007 753 14.3 -3.6
2008 994 14.0 1.4
2009 932 14.1 9.0
2010 1394 13.1 2.4
mean value 2007-2010 1018 = 271 13.9+0.5 2.3+5.2
2001-2006 * 944 + 142 13.6 + 0.6 5.5 +10.2
long-term mean value 1981-2010 ** 968 13.2 5.9
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The variations in precipitation indicate some
changes in climatic character as indicated by
change of Mediterranean precipitation index (MTI).
The MI for the period 2007-2010 varied between
-3.6in2007and 9.0in 2009, with annual mean value
of 2.3 (Table 1). This value is much lower than the
annual mean during the periods 2001-2006 (5.5),
1981-2010 (5.9) and 1971-2000 (6.1) and indicates
at Portoroz a stronger Mediterranean climate
character than the continental one in the past.
However, annual variations are high and therefore
the differences between periods 2007-2010 and
2001-2006 are not statistically significant.

Variations of monthly air temperatures are
shown in Figure 1.The lowest monthly temperature
(3.5 °C) was observed in January 2010 and the
highest in July 2007 (24.1 °C) (Figure 1). Similarly
as observed in the period 2007-2010 in Ljubljana
(VrECA et al., 2014) the warmest year in Portoroz
was 2007 and the coldest 2010 (Table 1). The mean
air temperature for the whole period was 13.9 °C,
on average 0.3 °C and 0.7 °C higher than that for
2001-2006 and 1981-2010 (Table 1). Variations
of mean monthly air temperature are shown in
Figure 2. Deviations up to 1.5 °C from 2001-2006
temperature record were observed in the first half
of year.

Long-term mean monthly temperatures for
periods 1971-2000 and 1981-2010 show winter
minimum in January and summer maximum in
July (INnTERNET 3). The difference between maximum
and minimum air temperature, which may be taken
as a measure of the continentality of the climate
(i.e. the larger the difference, the more continental
the type of climate) was 18.4 °C and 18.6 °C for
1971-2000 and 1981-2010. During the 2007-2010
the maximum monthly temperature was observed

always in July while the minimum was recorded
in December (2007), February (2008) or January
(2009 and 2010). The difference between maximum
and minimum varied from 17.9 °C to 20.4 °C, with
a mean of 19.2 °C, and indicates more continental
climate at Portoroz in investigated period than in
the preceding long-term climatological periods.
Therefore, both indices of continentality, the MI
that takes into account seasonal distribution of
precipitation, and the range of temperatures,
indicate higher continental influences on the
climate in Portoroz in the investigated period. These
facts, together with the increase in mean annual
air temperatures and general decrease in amount
of precipitation may indicate modern climatic
changes in the area but have to be investigated into
more detail in future.

Stable isotope data (%0, 6°H and d)

Results of monthly isotopic composition of
precipitation parameters, 0*0, 6°H and d, are
summarized in Table 2. Results are reported to one
decimal point for §*H and d values and to two for
0'%0.

Variations of monthly isotopic composition of
precipitation (0'*0, 6°H) from 2007 to 2010 are
presented in Figures 3a and 3b. The lowest 6O
value was observed in January 2010 (-12.20 %o)
and the highest in July 2008 and May 2009
(=2.60 %o). Variations in 6*H follow those for 680
(Figure 3a), with a minimum 62H value of —-92.7 %o
and maximum of 7.1 %o observed in January 2010
and July 2008, respectively. The mean 6*¥0 and 6*H
values for the observed period are -6.08 %o, and
—41.3 %0 (n =47), and are more positive than values
from 2001 to 2006; i.e., =6.51 %o and —43.1 %o (n =
74) (VReCA et al., 2011).
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Monthly variations of deuterium excess (d)
are presented in Figure 3c. The lowest value
was obtained for the sample collected in April
2010 (-0.7 %o, Table 2). The highest d values were
observed in July 2010 (14.9 %.) and November
2010 (14.8 %o). The mean value is 7.4 %o (n = 47)
(Table 2) and is 1.6 %o lower than the mean value
of 9.0 %o from the period 2001-2006 (VRECA et
al., 2011). Most d values (72 %, i.e. 34 out of total
47) range between 5 and 15 %.. No value higher
than 15 %, typical for Mediterranean-derived
precipitation (Cruz-San et al., 1992; RozaNskI et
al., 1993), was determined indicating different
climate conditions as in the period 2001-2006
when more than 10 % of d values exceeded 15 %o
(Vreca et al, 2011). It is known, that d values
can alter as the air mass moves inland, due to
secondary processes such as evaporation from
an open surface water body which returns
moisture to the air (Craic & Gorpon, 1965;
MEeRrLIvAT & JOUZzEL, 1979; Gart et al., 1994; Gar,
1996). In addition, d values can change as
precipitation falls through the atmosphere (Gar,
1996; Aracuas-Araguas et al., 2000; PEnG et al.,
2004) or as the precipitation sample sits in the
precipitation collector (Harvey, 2005). It was
estimated that the initial d values should not
be less than 3 %0 and that lower values should
be used with caution unless the source of their
evaporative enrichment is known (HArvEy,
2005). A high proportion (15 %) of d values was
<3 %o (Table 2). These values probably indicate
secondary evaporation processes and correspond
mainly to months with low precipitation, related
to local stormy and windy events in the area
or to months with light rainy events, therefore
we did not exclude them from evaluation. It

is interesting that high d values (>13 %.) were
obtained for July 2010 and also July 2008.
For both months very intense thunderstorms
were characteristic with prevailing south and
southwest winds (INTERNET 3).

Monthly mean 6*%0, §*H and d values, weighted
by precipitation amount are summarized in Table
3 and presented in Figures 4 and 5a, where they
are compared with the 2001-2006 values (VRECA
et al,, 2011). The higher 60 and 6*H values in
spring and summer months, due to higher air
temperatures, constitute a typical seasonal
variation which is less pronounced than in
Ljubljana (VrECa et al., 2014). Seasonal variations
of 00 and 0?H of 5.47 %o and 43.1 %o (Table 3),
respectively, were observed and are smaller than
for continental stations like Ljubljana (8.81 %o
and 53.7 %o, respectively, VrReca et al, 2014).
The lowest 0'*0 and 0°H values are observed in
January (Table 3) and are 1.38 %0 and 9.4 %. lower
than those for the period 2001-2006. The positive
deviations from 2001-2006 calculations are
observed for May, June, August and September
and can be attributed to higher temperatures and
lower amounts of precipitation during sampling
period 2007-2010. d values range around 8.2 %o
(Table 3) with the lowest values in April (2.9 %o)
and the highest in July (12.9 %.) and November
(12.4 %o). Slightly higher d values are observed
in autumn and winter precipitation, with values
above 10 %, only in November and December
(Figure 5a). Most mean monthly values are lower
than for the period 2001-2006, indicating the
minor influence of Mediterranean air masses over
the region during the observation period.
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Table 2. Monthly isotopic composition (%0, 6*°H, deuterium excess (d) and tritium activity (A)) of precipitation at Portoroz for
period 2007-2010. n. d. — not determined; GPC - gas proportional counter; LSC - liquid scintillation counter and electrolytic
enrichment; JSI — Jozef Stefan Institute; n -number of samples.

Month/ Year 'z:/: 0()) (6(;3 (‘Vi) (T%) Method of tritium activity measurement
01/2007 -9.00 -59.7 12.3 4.3 GPC
0272007 -8.25 -55.8 10.2 3.1 GPC
0372007 -9.18 -72.8 0.6 4.6 GPC
04/2007 n.d. n.d. n.d. n.d.

05/2007 -6.94 -479 7.7 7.5 GPC
06/2007 -5.58 -34.0 10.7 10.7 GPC
07/2007 —4.37 -34.0 1.0 3.7 GPC
0872007 -3.37 -21.6 5.4 4.8 GPC
0972007 -5.97 -37.2 10.6 1.8 GPC
1072007 -7.15 -47.7 9.5 2.9 GPC
11/2007 -3.56 -21.0 7.5 2.1 GPC
1272007 -10.84 -85.0 1.7 5.0 GPC
01/2008 -4.98 -32.8 7.1 4.8 GPC
02/2008 -4.97 -35.0 4.7 3.4 GPC
03/2008 -9.39 -69.4 5.7 7.3 GPC
04/2008 -4.82 -32.8 5.8 5.8 GPC
0572008 -3.28 -20.5 5.8 9.1 GPC
0672008 -4.60 -35.0 1.8 9.7 LSC
07/2008 -2.60 =71 13.7 7.5 GPC
08/2008 -4.82 -29.4 9.2 8.6 LSC
09/2008 -5.79 -41.9 4.4 6.7 GPC
10/2008 -2.81 -18.8 3.7 14.0 GPC
11/2008 -5.02 -30.5 9.7 4.9 LSC
12/2008 -6.89 -44.2 10.9 5.5 GPC
01/2009 -10.00 -70.8 9.2 10.1 GPC
0272009 -1.24 -50.1 7.8 7.1 GPC
0372009 -4.06 -23.4 9.1 4.8 GPC
04/2009 -5.73 —45.6 0.2 14.8 GPC
05/2009 -2.60 -16.1 4.7 19.7 GPC
06/2009 -5.20 -317.0 4.6 9.4 LSC
07/2009 -2.63 -13.6 7.5 7.5 GPC
08/2009 -3.71 -23.8 5.9 4.4 GPC
09/2009 -5.22 -33.6 8.2 11.5 GPC
10/2009 -5.80 -39.8 6.6 13.0 GPC
11/2009 -6.60 -40.3 12.5 11.7 GPC
12/2009 -6.66 -43.0 10.3 3.6 LSC
0172010 -12.20 -92.7 4.9 5.5 LSC
02/2010 -9.81 -73.3 5.2 71 LSC (JSI)
03/2010 -5.70 -43.5 2.1 8.4 LSC (JSI)
04/2010 -8.04 -65.1 -0.7 11.4 LSC (JSI)
05/2010 -4.70 -29.1 8.5 8.1 LSC
06/2010 -8.15 -54.8 10.4 9.6 LSC
07/2010 -6.18 -34.5 14.9 7.6 LSC
08/2010 —4.27 -217.9 6.3 9.1 LSC
09/2010 -5.03 -29.9 10.4 4.3 LSC
10/2010 -6.65 -42.0 11.2 5.7 LSC
11/2010 -8.49 -53.1 14.8 3.7 LSC
12/2010 -7.06 —42.2 14.3 4.0 LSC
min -12.20 -92.7 -0.7 1.8
max -2.60 =71 14.9 19.7
mean -6.08 -41.3 7.4 7.2
n 47 47 47 47
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0 0 Figure 4. Monthly weighted
mean 0*0 (in legend O)
and 6°H (in legend H) for
periods 2001-2006 (VRECA
et al., 2011) and 2007-2010
at station Portoroz.
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Seasonal mean 0'%0, 6°H and d values weighted
by amount of precipitation are summarized in
Table 4. The lowest 6'°0 and 6°H values are typical
of those in winter and the highest of those in
summer and autumn. The d values for all seasons
are <10 %o and confirm lower Mediterranean-
derived precipitation influence than for the period
2001-2006 (VrECa et al., 2011).

Annual mean 60, 6°H and d values, weighted
by amount of precipitation for the period 2007-
2010 are summarized in Table 5. The 6*0 and 6*°H
values show an overall increase by 0.35 %. and
1.6 %o compared to the period 2001-2006 (Table 5),
while the weighted mean d values show an overall
decrease by 1.2 %.. However, changes are not
statistically significant different. The maximum



Isotopic composition of precipitation at the station Portoroz, Slovenia - period 2007-2010 241

annual weighted mean 0'*0 and 6?H values were
observed in 2008, when the smallest difference
between maximum and minimum air temperature
(i.e. 179 °C) was recorded and precipitation
was higher during the spring-summer season.
Consequently spring-summer precipitation with
higher isotopic composition contributed more to
the annual weighted mean. Similar pattern was
observed in Ljubljana (Vreca et al., 2014). The
lowest annual weighted mean 6'*0 and 6*H values

were observed in 2010 and can be attributed to
the lowest mean annual air temperature (13.1 °C)
during 2007-2010, lower temperature than the
long-term records (Table 1), a cold January and
December and the highest precipitation (1,394
mm). The highest annual weighted mean d value
was observedin 2010 (Table 5) and isrelated mainly
to the Mediterranean-derived precipitation in the
autumn (Table 2). The lowest annual weighted
mean d value was observed for 2008.

Table 3. Monthly weighted mean 8**0, 6*H, deuterium excess (d) values and tritium activity (A) for period 2007-2010. n — number

of samples.

Month n 0"30 (%o) 0?H (%o) d (%o) A (TU)
January 4 -9.61 -69.2 7.7 6.3
February 4 -8.33 -59.1 7.5 5.3

March 4 -1.05 -50.9 5.5 6.1
April 3 -5.73 -43.0 2.9 9.5
May 4 -4.63 -29.7 7.4 9.3
June 4 -5.73 -40.0 5.8 9.7
July 4 -5.08 -27.8 12.9 7.3

August 4 -4.14 -26.1 7.0 71

September 4 -5.47 -33.7 10.0 4.0
October 4 -5.97 -39.5 8.2 8.3
November 4 —6.75 -41.6 12.4 6.2
December 4 -7.04 -45.2 11.2 4.3
min -9.61 -69.2 2.9 4.0

max -4.14 -26.1 12.9 9.7

monthlzyox?v’iigl?tle?i mean 6.29 —421 8.2 0

Table 4. Seasonal weighted mean 6'%0, §°H, deuterium excess (d) values and tritium activity (A) for period 2007-2010. n — number

of samples.
Season n 020 (%o) 0°H (%o) d (%o) A (TU)
Winter 12 -8.01 -54.8 9.3 5.1
Spring 11 ~5.84 413 5.5 8.1
Summer 12 -5.03 -32.0 8.2 8.2
Autumn 12 -5.04 -31.5 8.9 5.3

Table 5. Annual weighted mean 60, 0*°H, deuterium excess (d) values and tritium activity (A). n — number of samples. * - data for

period 2001-2006 (VrEca et al., 2011).

Year n 020 (%o) 0°H (%o) d (%o) A (TU)
2007 11 -6.67 -44.9 8.5 3.9
2008 12 -5.40 -35.8 7.4 7.0
2009 12 -5.96 -39.5 8.3 8.6
2010 12 -17.06 -46.2 10.2 6.2
min -7.06 —46.2 7.4 3.9
max -5.40 -35.8 10.2 8.6
2007.72010 -6.28 £ 0.74 -41.6 +4.8 8.6+12 6.4+2.0
annual weighted mean
200.1_2006 -6.63 = 0.45 -43.2+3.9 9.8+15 6.9+2.1
annual weighted mean*
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Local meteoric water lines

The local meteoric water lines (LMWLs) for the
period 2007-2010 were calculated using different
types of linear regression analysis. The ordinary
least squares regression (OLSF) regression line
(LMWL ) for Portoroz is:

OLSF

0?H = (7.96 = 0.28)x0™0 + (7.15 £ 1.81); r = 0.98,n =47 (2)

The reduced major axis (RMA) regression line
(LMWL, ) is:

RMA

0’H =(8.14 £ 0.25)x0"0 + (8.28 + 1.64);r=0.98,n =47 (3)

For the precipitation amount recorded at
Portoroz, the precipitation weighted least square
regression (PWLSR) line (LMWL ) is:

PWLSR

8°H = (7.87 + 0.28)x0™0 + (7.97 = 1.87); 7= 0.99,n = 47 (4)

For comparison with LMWL, .. for the 2007-
2010 we calculated also the LMWL, . for the

2001-2006 isotope record at Portoroz (Vreca et al.,
2011) and the PWLSR line (LMWL )) is:

PWLSR(2001-2006

O0’H = (7.80 £ 0.27)x0"0 + (8.52 £ 1.85); r=0.96,n=71 (5)

All regression lines have similar values (within
uncertainties) for both the slope and the intercept
values.

The slopes of LMWLs obtained are close to
the LMWLs for the period 2001-2006 (VRECA et
al.,, 2011) and to those at Ljubljana for the period
2007-2010 (Vreca et al., 2014). All slopes are also
close to the slope 8 of Global Meteoric Water Line
(GMWL) of Craic (1961) and to that calculated
from the GNIP database for the period 1961-2000
by Gourcy et al. (2005).

Oxygen — temperature correlation

The linear correlation between 6'0 in monthly
samples and mean monthly air temperature at
Portoroz, T, for the period 2007-2010 (Figure 6) is:

580 = 0.21xT —8.94; T = 0.61,n = 47 (6)

The linear correlation between monthly
weighted 00 values and mean monthly air
temperature at Portoroz, T for the period
2007-2010 (Figure 6) is:

monthly?

010 = 0.20xT, . ~9.03;T=0.86;n =12 (7)

The correlations obtained differ slightly in
their intercept values and have the higher slope
as that for the records 2001-2003 and 2001-2006
(Vreca et al, 2006, 2011). The slope of about
0.20 %0/°C is between those typical of continental
and maritime stations (Rozanskr et al., 1993) but
indicates a more continental climate influence
than during the period 2001-2003 (Vreca et al,
2006), lower than the one estimated for the same
period for Ljubljana (VrECA et al., 2014) and close
to an average isotope temperature gradient of
0.25 %0/°C for groundwater in Slovenia estimated
by MEezca et al. (2014).

Tritium activity

Results of monthly tritium activity (A) of
precipitation are summarized in Table 2. We
present also two numerical results below the
LOD (September and November 2007) for
the purpose of statistical analysis. Amount of
precipitation weighted mean monthly, seasonal
and annual values are summarized in Tables 3,
4 and 5.Variations of tritium activity in monthly
precipitation during the sampling period 2007-
2010 are presented in Figure 3d. Maximum
value was observed in May 2009 (19.7 TU,
Table 2), similarly as in Ljubljana (VrReCaA et al.,
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2014). In May 2009 high air temperatures were
recorded, precipitation was lower than the long-
term mean and most precipitation fell during
two thunderstorms (INTERNET 3). Therefore, the
relatively high tritium activity may indicate the
influence of continental effect and re-evaporation
of tritium from the continental land surfaces.
The minimum (1.8 TU, <LLOD) was recorded in
September 2007. Seasonal fluctuations typical of
stations of the Northern hemisphere (Rozanski et
al,, 1991) are observed for 2007 and 2010, with
lower tritium activities in autumn and winter
and higher ones in spring and summer (Figure
3d), while in 2008 we observed maximum in
October and in 2009 three peaks were recorded
in January, May and October. Similar patterns of
SH were observed also for Ljubljana (Vreca et al.,
2014) and Zagreb (Krascar Broni¢, unpublished
data). The seasonality is evident also by about
3 TU difference between autumn-winter and
spring-summer precipitation (Table 4). Monthly
weighted mean A values are presented in Table 3
and in Figure 5b. Maximum value was observed
in June (9.7 TU) and the minimum in September
(4.0 TU) and December (4.3 TU) (Table 3), which
is slightly different than in the period 2001-
2006 (Figure 5b). The differences are related to
different climate conditions (see Meteorological
data: Precipitation and temperature) during
periods 2001-2006 and 2007-2010. The mean
tritium activity in the studied period is 7.2
TU (Table 2) and is the same as in the period
2001-2006 (VreCa et al, 2011). The weighted
mean annual A is 6.4 TU and is 0.5 TU lower
than for the 2001-2006 record (Table 5) but not
significantly different.

The weighted mean tritium activity at the
Portoroz station (6.4 TU) is 2.1-2.6 TU lower than
the mean tritium activity for the same period at
the continental stations Ljubljana and Zagreb
(8.5 TU and 9.0 TU, VreCa et al, 2014) and is
related to the coastal position of the station.
Similar difference (1.7-2.5 TU) between Portoroz
and continental stations was also observed for a
short-term period 2001-2003 (VreCa et al., 2006).

A good correlation between mean monthly
deuterium excess (d) and tritium activity (A) has
been obtained with a slope of —0.35 %./TU (r = 0.52,
n = 12) indicating that during the period 2007-
2010 higher d values were associated with lower A
values (Table 3) that correspond to precipitation
that has been formed by moisture evaporated from
the Adriatic Sea (FroeHLIcH et al., 2008).

Conclusions

The results of the water isotopic composition
(0130, 0°H, d and A) of precipitation collected at
Portoroz in the period 2007-2010 are presented
and compared with the data from the period
2001-2006. Isotope data corroborate conclusions
derived from the analysis of the meteorological
data about the change in climate setting in the

Portoroz area: more positive 6'*0 and 6*H mean
values reflect an increase in temperature, while
lower deuterium excess (d) values together with
the lower MI values indicate a change in air mass
trajectory towards more continental influence.
However, the time period of isotope data records
is relatively short and is influenced by year-to-
year differences in weather conditions.

The results presented are important for further
scientific and practical applications in hydrology
and hydrogeology, and in climatology. Taking into
account the characteristic geographic diversity
of Slovenia, which influences considerably
the climate and the isotopic composition of
precipitation, a more detailed investigation of the
complete 10-year isotope data set (2001-2010)
for Portoroz needs to be performed. The LMWLs
obtained for 10-year isotope record will be useful
above all in investigating the karst hydrological
systems in Slovenia that are fed directly by
precipitation. Finally, a mathematical model that
enables estimation of %0 and ¢*H values for the
precipitation generated at distinctive atmospheric
circulation patterns proposed by Brencic et al.
(2015) will be applied to separate data with
different air mass origins.
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Abstract

The methods used in geology to determine colour and colour coverage are expensive, time consuming, and/
or subjective. Estimates of colour coverage can only be approximate since they are based on rough comparison-
based measuring etalons and subjective estimation, which is dependent upon the skill and experience of the person
performing the estimation. We present a method which accelerates, simplifies, and objectifies these tasks using a
computer application. It automatically calibrates the colours of a digital photo, and enables the user to read colour
values and coverage, even after returning from field work. Colour identification is based on the Munsell colour
system. For the purposes of colour calibration we use the X-Rite ColorChecker Passport colour chart placed onto
the photographed scene. Our computer application detects the ColorChecker colour chart, and finds a colour space
transformation to calibrate the colour in the photo. The user can then use the application to read colours within
selected points or regions of the photo.

The results of the computerised colour calibration were compared to the reference values of the ColorChecker
chart. The values slightly deviate from the exact values, but the deviation is around the limit of human capability
for visual comparison. We have devised an experiment, which compares the precision of the computerised colour
analysis and manual colour analysis performed on a variety of rock samples with the help of geology students using
Munsell Rock-color Chart. The analysis showed that the precision of manual comparative identification on multi-
coloured samples is somewhat problematic, since the choice of representative colours and observation points for a
certain part of a sample are subjective. The computer based method has the edge in verifiability and repeatability
of the analysis since the application the original photo to be saved with colour calibration, and tagging of colour-
analysed points and regions.

Izvleéek

Metode, ki se v geologiji uporabljajo za dolo¢anje barv in barvne pokritosti, so drage, zamudne in/ali subjektivne.
Ocena barvne zastopanosti ali pokritosti je lahko le zelo priblizna, saj temelji na grobih primerjalnih etalonih
in subjektivni oceni, ki je odvisna od izurjenosti in izkuSenj ocenjevalca. Predstavljamo metodo, ki te naloge
pospesi, poenostavi in objektivizira s pomoc¢jo racunalniske aplikacije, ki na zajeti digitalni fotografiji z uporabo
racunalniSkega vida samodejno umeri barve in uporabniku tudi kasneje, po terenskem delu, omogoca od¢itavanje
barvnih odtenkov. Barvna identifikacija temelji na barvnem sistemu Munsell. Za barvno umerjanje uporabljamo
umerjevalno barvno lestvico X-Rite ColorChecker Passport, ki jo uporabnik postavi v obmocje zajema fotografije
kamnine. Ra¢unalniska aplikacija, ki smo jo razvili, na zajeti fotografiji zazna barvno lestvico ColorChecker in
poisce transformacijo barvnega prostora, s katero fotografijo barvno umerimo. Uporabnik lahko nato s pomocjo
aplikacije po barvnem sistemu Munsell od¢ita barvo v izbranih to¢kah in izbranih podro¢jih na fotografiji.

Rezultate ra¢unalnisko podprtega barvnega umerjanja smo primerjali z referenénimi vrednostmi barvne lestvice
ColorChecker. Rezultati umerjanja kazejo, da ra¢unalniska metoda umeri dovolj natan¢no to¢ne barvne vrednosti,
tako da je barvno odstopanje blizu meje, ki jo ¢lovek Se lahko razlo¢i. Za primerjavo smo opravili poskus, pri
katerem smo na raznovrstnih primerkih kamnin primerjali natan¢nost racunalniske barvne analize z ro¢nimi
barvnimi primerjalnimi analizami studentov geologije s pomocjo lestvice Munsell Rock-color Chart. Ugotovili smo,
da nastopajo velike razlike v od¢itkih predvsem pri raznobarvnih kamninah zaradi subjektivnosti izbora najbolj
reprezentativnih barv za posamezni analizirani kos kamnine oziroma lege reprezentativnih primerjalnih tock.
Prednost ra¢unalniske metode je tako v preverljivosti in ponovljivosti analize, saj aplikacija omogoca shranjevanje
originalne in barvno umerjene fotografije ter oznacitve lege posamic¢ne analizirane tocke in obmocja opravljanja
barvne analize.
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Introduction

The methods used in geology to determine
colours are: (a) verbal description, which is
dependent upon the skill and visual perception of
the person performing it, and is thus subjective, (b)
measurement using a spectrophotometer, which is
time consuming, expensive and impractical for
field work, and (c) comparison based comparative
determination using a colour chart (e.g. Munsell
Rock Colour chart), which can be time consuming,
especially for rocks with many colour shades, and
is not always appropriate for field work since
the colour patches are sensitive to weather and
environmental conditions.

Estimates of colour coverage can only be
approximate, since they are based on rough
comparison-based measuring etalons and is also
dependent upon the skill and experience of the
person performing the assessment. Statistical
assessment of colour “classes” is possible if points
on a regular grid are used to count occurrences of
each“class’/but this method is also time consuming
and thus expensive, and not commonly used.

With more objective colour values and
statistically significant rock colour coverage
analyses we could extract much more significant
and consequently valuable rock data parameters.

Weintroduce amethod, which greatly accelerates
and simplifies these tasks, and makes them more
objective.We have developed a computer application
for automatic colour calibration of digital
photographs made either during field work, or in
the laboratory, which allows the user to accurately
identify colours in the Munsell colour system; a
standard used in geology for colour determination.
We use the X-Rite ColorChecker Passport reference
colour chart in combination with computer vision
and colour calibration algorithms. This enables
completely automated colour calibration of digital
photographs. Colour calibration is a necessary step,
since it greatly improves the quality of the colour
information by diminishing the various effects,
such as weather, illumination, the photographic
equipment used, etc.

Before capturing a digital photograph, the
ColorChecker chart needs to be placed into the
photograph capture area of the rock we wish to
analyze.To ensure a good baseline and thus improve
the accuracy of results, the illumination should
be as uniform as possible. Additional lighting or
camera flash can be used to achieve this, if natural
illumination conditions are not favourable or if the
angle of sunlight produces shadows.

Existing methods for colour calibration used
in professional photography are either manual
or semi-automatic and are more focused on
providing the photographer with tools to achieve
the best aesthetic effect, not necessarily the most
correct colour information (Van HUrkMAN, 2013).
The photographers also use the calibration tools
differently, since they capture one image with the
colour chart, and then (keeping other parameters

as similar as possible) capture the images they have
actually set out to photograph. The existing tools
are shaped by this mode of work, and are not well
suited for the use case covered by the application
we have developed, i.e. completely automatic
colour calibration and a user interface focused on
objective analysis rather than aesthetics.

The computer application we developed uses the
ASIFT algorithm (Yu & MorgL, 2011) to detect the
ColorChecker chart on the captured photograph,
and then determines a transformation of the CIE
Lab colour space, which then colour-calibrates
the photograph. The user is then able to read out
the colour values in selected points and regions.
Approximate measuring of distances on the
photograph is also possible, if we assume the objects
are in the same plane as the ColorChecker chart.

Differences in colour of rocks and soils is the
result of differences in qualitative and quantitative
mineral composition and, in particular, in the
presence and quantity of the pigment minerals
(most common are lepidocrocite, goethite and
hematite). Mineral and chemical composition
determination requires complex and time
consuming sampling and more costly analyses.
Unfortunately the number of such analyses is
limited by available funds. Due to the fact that
colour is one of the basic properties/attributes of
rock, which is noticed macroscopically in the field,
an objective capture is very important and useful.

Rocks within some lithologic units are
unicoloured, which means, that the variability
of colour values is within a very narrow range of
colour hue. In such cases field researchers do not
compare their colour with the colour chart on every
outcrop, but rather assign the same colour value
on the basis of previous observation experiences.
This shortens observation and time needed for
comparison, but they can unwittingly neglect
differences in the lateral colour variability within
the same lithostratigraphic unit and lose part of the
information. Huge variability of colour within the
same lithostratigraphic unit of clastic sedimentary
rocks reflects differences in their microenvironment
of their origin (sedimentation energy) resulting into
grain-size differences and also differences in the
mineral composition, porosity and permeability
of the sedimentary clastic rocks and consequently
onto differences in the oxygen availability during
diagenetic processes. This influences the oxidation
state of the pigment minerals.

Multicoloured lithostratigraphic units contain
several indirect colour information on grain size,
mineral composition and genetic environment and
rock diagenetic processes. A number of determined
colours is fully left to the subjective decision of
the observer, who will usually, due to the time
needed for a full procedure, only determine a few
characteristic colours based on their needs or a
regional similarity approach. A more objective
capture of the colour range and colour coverage
would undoubtedly offer a lot of additional
information.
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The processes of magmatic and metamorphic
rocks genesis also result in their different mineral
and grain size composition and consequently a
different colour range and coverage.

As much as possible objective and detailed
colour analysis can offer very useful additional
information which enable simple and significant
statistical comparison between rock samples and
rock outcrops within the same lithostratigraphic
units and between the different ones.

The proposed computer aided method of
colour calibration and analysis is based on the
Munsell, CIE XYZ and CIE Lab colour models
and calculates colour distances within them and a
short overview of these models follows.-

CIE 1931 XYZ Colour Model

CIE XYZ, which was standardized in 1931, was
the first mathematically defined colour model that
still serves as the basis for newer models and as
the linking model used to convert colour values
from one model to another.

The model is comprised of three components:
X, Y, and Z which were modelled after the human
visual system with its three types of cone cells.
Experimental data determined how strongly each
type of cone cell responds to some wavelength of
light, and from the response the colour matching
functions %(A), (M) and z(A) (ScHaNDA, 2007) were
derived. A spectrophotometerisadeviceformeasuring

material reflectance values at different wavelengths.
If we integrate the reflectance measurements with the
colour matching functions we get the colour values
for the components X, Y, and Z respectively.

The values also vary depending on the
illuminant used to perform the measurements
which is also defined as a function of A. The
International Commission on Illumination (CIE)
has also provided several standard illumination
sources. Unless otherwise specified the values in
this article use the D65 standard illuminant which
is modelled after natural daylight on Earth.

Spectrophotometers are used in laboratories,
but are impractical for field work and are very
expensive devices. Further drawbacks of their use is
a small operating range, usually a few millimeters,
the inability to directly measure colour coverage,
sampling is required, and the inability to measure
rough uneven surfaces (Ruiz & PEREIRA, 2014).

Munsell colour system

The Munsell colour system (MunserL, 1905)
was developed by prof. Albert H. Munsell with
the goal of creating a perceptually uniform
system. Perceptual uniformity means that an
equal change of a colour component anywhere
inside the system means approximately the same
perceptual difference to a human observer. Colour
in the Munsell system is determined by three
components: hue, value, and chroma.

Fig. 1. Three-dimensional
illustration of the Munsell
colour system.
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The first component, “Hue’] is given as number
from 0 to 10, and a one or two letter abbreviation
of the hue name. Apart from the colour hues
in Fig. 1, there is also a special abbreviation
N, which stands for neutral and is reserved for
grey shades. “Value” determines the lightness of
a colour on a scale from 0 (black) to 10 (white).
The third component, “chroma” determines the
saturation and has no upper bound in theory, but
in practice it is limited by the pigments that can
be manufactured. A neutral colour has a chroma
value of 0, the highest value we find in the Rock
and Soil charts is 8 and 20 would mean a very
saturated colour.

The advantages of the Munsell system are
intuitive components, and a long tradition of
use in industry, art, and science. The drawback
is that it is not a mathematically defined colour
model, and is connected to the mathematically
defined models only by tables of measurements
(RIT MunserLL COLOR SCIENCE LABORATORY),
which makes exact calculation and conversion
difficult.

Use of Munsell colour system in Geology

The Munsell system has a long tradition of
use in geology. In 1948 the Geological Society
of America (GSA) released the first Rock-color
Chart based on the Munsell system. In 1949 the
Munsell Color Company collaborated with the
United States Department of Agriculture (USDA)
to release the first “Munsell Soil-color Chart”
These are books of colour charts intended for
comparative determination of colour values of
rocks and soil. Both books are still available in
updated editions and still in widespread use. They
have effectively become the standard for colour
communication in geology.

Munsell colour charts are used both for
geological field work and work in a laboratory.
The comparative method is a lot more precise and
objective than verbal descriptions of colours, but is
still somewhat subjective and inaccurate, because
the books contain a limited number of colour
patches,and because of the limitations of the human
visual system to accurately distinguish colour
differences. Munsell Soil-color Chart (X-RitE, INC.,
2009c) contains nine pages, which cover colours
with hues from 5R to 5Y at various values of value
and chroma components, and four additional
pages; one with a few colours with hue values 10Y
and 5GY, two pages with low-chroma colours for
gleysols, and one page with colours with a high
value component. The colours on pages are sorted
in two dimensions by value and chroma, so the user
can gain a feel for the colours with a particular hue,
and can in some cases decide to visually interpolate
and assign a colour not depicted in the chart. Rock-
color Chart (X-R1tE, Inc., 20098) contains only three
pages with the most common rock colours. The
colours are not sorted by any of the Munsell system
components, which prevents visual interpolation.

Each page of colour chart contains up to 42
colour patches, usually fewer, since some pigments
are more expensive or difficult to produce. Each
colour patch has a hole to allow direct comparison
of the patch with the rock or soil for which the
colour is being determined. Next to each colour
page is a page with the Munsell values and colour
names in the ISCC-NBS system, according to the
mapping defined in (KerLry & Jupp, 1976). The
design purpose of ISCC-NBS was to improve the
accuracy of colour descriptions by constraining
the language to a set of colour names and a few
standard adjectives (e.g. dark, vivid, very pale),
and to define which parts of the Munsell system
correspond to which colour descriptions.

Fig. 2. Munsell Soil-color
and Munsell Rock-color
charts.
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CIE Lab colour model

The International Commission on Illumination
(CIE) accepted the CIE Lab colour model in
1976. A colour in CIE Lab is defined by three
components: L.* — lightness, a* — red/green, and
b* — blue/yellow. CIE Lab was designed to be
perceptually uniform on all three components at
once, and is mathematically defined, which makes
it very appropriate for colour computation.

Measuring colour distance

When working with colour, e.g. in print, or
industrial design, a common task is tolerancing -
checking if colours are acceptably close to some
predefined standard. A colour distance measure,
where, to the human eye, the same distance means
the same amount of change, is very useful, since it
can be used for all the colours used. In this section
we will mention three formulas for colour distance
(ScuANDA, 2007), which have been implemented in
our computer application.

Since CIE Lab was designed with good
perceptual uniformity on all components at once,
the first colour distance measure CIE is simply the
Euclidean distance of the per component deltas of
two colours:

AEjs =\ AL + Aa? + Ab*

Later it was found that CIE Lab is not
completely perceptually uniform, so in 1994 CIE
Lab confirmed a new formula CIE , which was
based on a large amount of experimental data
collected by the automotive industry. This formula
is defined on CIE LCH - a colour model related
to CIE Lab, with the same L.* component and C*
— chroma, and H* - hue, which are simply polar
definitions of a* and b*.

AL* AC; AH;
* 2 ab 2 ab 2
AE94 \](kLSL) + (kCSC) + (kHSH)

In the year 2000 CIE released another formula,
CIE , which experimentally works very well for
small colour distances, but has some mathematical
discontinuities which skew the results at larger
distances (SHARMA ET AL., 2005).

AES = AL’ 24 AC' 24 AH' 2 4 R AC' AH'
0= 1G5 TG T s T R s s

Another difficulty we had when working with
CIE is that the formula takes a lot more computing
time. Because of these issues we use CIE for most
tasks, and CIE where the expected difference is
small.

For an easier interpretation of later results, let
us provide some context to the values from these
formulas. The limit at which the average human
observer barely distinguishes two colours if laid
next to each other is 2.3. This value is called the
just noticeable difference (JND) (Many et al., 1994).
The approximate distance between neighbouring
grey shades on the ColorChecker chart is 15. The
average of distances between pairs of nearest
colour values on the Munsell Rock-color chart is
5.4 (highly saturated colours a bit farther apart,
and colours with low saturation a bit nearer).

Development of the application
ColorChecker colour calibration chart

ColorChecker colour chart was developed in
1976 by the Macbeth company (today part of X-Rite
company) (McCawmy et al., 1976). The chart is used
for the colour calibration of different devices (e.g.
cameras, printers, displays). ColorChecker colour
chart contains four lines with six colour patches, 24
patchesin all. Patches have precisely defined colour
values which can be used to check the quality of
colour reproduction or colour acquisition. The first
two lines contain approximations of some common
natural hues (e.g. human skin, greenery, blue sky)
and intermediate hues (e.g. orange, yellow-green).
The third line represents the extreme points of the
RGB (red, green, blue) colour system and CMY
(cyan, magenta, yellow) colour system. The fourth
line contains 6 patches of grey that can be used for
calibration of lightness and white balance.

For the usage in our application we chose
the X-Rite ColorChecker Passport (X-RItE,
Inc., 20094), shown in Figure 3, instead of the
classical variant of ColorChecker since it better
suits our requirements. This version of the colour
chart is suitable for field work in geology since
it is smaller than the classical version and has a
hard plastic casing. Concerning the accuracy of
colours one of the larger colour charts with more
colour patches (e.g. ColorChecker Digital SG,
IT8) would be more appropriate for laboratory
work. The advantage of a smaller format of the
colour chart is that its size better suits the size of
rock samples and thus enables us to capture the
samples in a higher resolution. For many samples
an even smaller colour chart of 3 cm x 2 cm would
be convenient.

The X-Rite ColorChecker Passport colour
chart contains two additional calibration charts
compared to the classic ColorChecker chart
— a special section with a large grey patch for
white balance and a section named Creative
Enhancement Target (CET). CET contains 28
patches: 8 highly saturated colour patches, 2
lines of 6 patches for visual white balance and 4
very light grey and 4 very dark grey patches for
detection of overexposure and underexposure.
This colour chart is not meant for automatic
colour calibration, which may be the reason
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why there is no data on official colour values of
the patches available in the literature or on the
internet. However, we have found unofficial
spectrophotometric measures (MyEgrs, 2010) which
we used to help evaluate the calibration quality of
our method.

Detection of the ColorChecker colour chart -
ASIFT algorithm

Precisedetection of patchesonthe ColorChecker
is very important since the calibration process
depends on the measured colour values. For
detection of the ColorChecker colour chart we
used Affine Scale Invariant Feature Transform or
ASIFT (Yu & MoreL, 2011).

SIFT (Lowe, 2004) is a computer vision
algorithm which extracts features that can
be used for various tasks in computer vision,
e.g. object detection (Lowe, 1999), panorama
stitching (Acarwara et al, 2006), automatic 3D
modelling (VERGAUWEN & Van Goor, 2006) and
gesture recognition (Scovanner et al., 2007).
Features detected by SIFT are resistant to scaling,
translation, and to some degree rotation. ASIFT is
a simple extension of SIFT where combinations of
rotation and shearing transformations are applied
multiple times on the image. SIFT features
are extracted from the transformed image and
transformed back to the original image coordinate
space. Using this process we get a larger number
of features that are also more robust under affine
transforms. According to a recommendation by Yu
& MoreL, 2011, it is sufficient to use 6 shears and
rotations from 0° to 180° depending on degree of
shearing — in all 42 transformations.

Fig. 3. X-Rite ColorChecker Passport colour calibration chart
that is used by our application.

Colour chart detection

To detect a particular object with the ASIFT
algorithm we need an image of the object, we then
extract SIFT features from both images, the image
where we want to detect the object and the image
of the object. Detection is performed by finding the
best correspondence between the SIFT features
of both images. Figure 4 shows lines connecting
the corresponding pairs of ASIFT points. Squares
on the photo show the centre of the patches. On
the bottom left we see the aligned image of the
detected object (colour chart) and squares with
averaged colours inside the detected patches.

affine find_obj

Fig.4.Visualization of ASIFT on a photograph of X-Rite ColorChecker Passport (right hand side) and reference X-Rite ColorChecker
Passport colour patch image (upper left hand side).
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The method is sufficiently general to be used
for other colour charts as well. The only part we
would need to change is the colour chart image
and the arrangement of the patches as they appear
on a particular colour chart. For the purpose of
evaluating the quality of calibration we have
added the option to detect the CET colour chart
on the ColorChecker Passport.

Colour calibration of photographs

The aim of photograph colour calibration is
to bring the colour values of the photograph as
close as possible to values we would measure on
the surfaces we are photographing. Calibration
could be attempted completely programmatically
without the colour chart by extracting the
necessary information from the metadata and
the image itself (e.g. conditions under which the
photograph was taken and the equipment used)
and infer the actual colours in the photograph.
Because this procedure cannot guarantee accuracy
we have decided on calibration using a colour
chart.

Colour calibration can be done wusing
ColorChecker colour calibration chart that is put
in the photographed scene. To assure best results
the lighting of both the colour chart and the rock
should be as uniform as possible (X-Ritg, Inc,
20094a) and with a sufficiently wide spectrum. We
can achieve that by using additional lighting or the
camera flash. If we use natural light the direction
and the intensity of the light should be as much
as possible similar on both the rock and the chart.

During the calibration process the application
first detects the ColorChecker colour chart on
the photograph. Then average colour values
are extracted from the chart and the distances
from the reference colour values for the chart
are calculated. Thus we get a calibration vector
in CIE Lab colour space for each colour patch.
The calibration could be done in another colour
space as well but CIE Lab is very suitable for
this purpose because of its good perceptual
uniformity.

The issue of overfitting

We are generalizing on the basis of a quite
small amount of data, so we have to take care
not to overfit the algorithm (Hastie et al., 2009).
With simple calibration methods overfitting may
appear because of the uneven colour distances
between colour patches, since parts of the colour
space represented by more patches are weighted
more. When using more complex methods we
also have to take care, that the algorithms do
not transform the colours in a way that does not
correspond to physical reality. In calibration
with translation the overfitting was avoided by
using leave-one-out cross validation (HasTiE et al.,
2009), where the colour patch, for which the value
is being predicted, is not used in the prediction.

In calibration with a linear combination some
resilience against overfitting is provided by the
fact that the patches on the ColorChecker chart
contain both the extreme and central points in the
colour space, and since the space is perceptually
uniform, a linear method is not likely to overfit.

Calibration with translation

The first method for colour calibration that
we implemented finds a single colour vector in
the CIE Lab space, which minimizes the CIE AEj,
distance between the average colour value on the
detected colour patches (¢, and the reference
values CC;. Using the ColorChecker chart, we
have n = 24 patches, but the method works with
any number of patches.

C =(Lab)
C'=C+7

Where v is a vector which minimizes the
following expression:

n
min Z AE,(Corr(CC)), CC))

=1

As mentioned, the CIE Lab space is not
perfectly perceptually uniform, furthermore, the
photograph capturing process is not perfect and
introduces various changes to the colour space (e.g.
contrast, fringing, over- or underexposure), which
require more advanced methods of correction.
However the method is simple so we implemented
it to compare it with other methods.

This method can also be used in conjunction
with other methods, since it cannot skew the
colour space, however, it should not be used after
a calibration method which is more robust against
overfitting.

Calibration with a weighted average

The method of calibrating with the weighted
average of calibration vectors Cc;, , computes the
weighted average using two weighting coefficients
u;, . The value of the first coefficient is determined
using an evolutionary algorithm before calibration,
while the value of the second coefficient d;(C) is a
function of the distance between the colour being
calibrated ¢ and the colour patch CC,.

For the first u;, weights we have 3 - n normalized
weights, which determine the importance of each
component (L, a, and b) of each colour patch. If the
colour value of some patch deviates greatly from
the reference value (e.g. because of a damaged
patch, over- or underexposure, shadows, partly
occluded patch), or put another way: if the other
patches offer a better calibration in the part
of the colour space the current patch occupies,
then its weight will be smaller. These weights
are determined before the calibration with an
evolutionary search algorithm.
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C=(Lab), C = d,b)
CCi = (LC,:, aCi,bCi) = CCL — C{El
AE3,(C, CC)

4;(0)=1-———"——
max;j_, AEg,(C, CC)

n
L, =1L +ZLCi ~ul-L . dl(E)
i=1
n
a=a +Zaci U, d;(C)
i=1
n
b’=b+Zbci-uib-di(5)
i=1

The algorithm starts with all weights set to ,1_1,
and then iteratively makes random changes, and
computes the fitness function to see if the new set of
weights is better than the previous one. The fitness
function works according to the leave-one-out
cross validation strategy. This means the algorithm
is used n times, and one patch is left out of the
calibration each time. The value of the remaining
patch is calibrated each time, and the output of the
fitness function is the average of colour distances
AE}, from the calibrated patch colour value to the
reference colour value.

The second weight coefficient d;(€) is a
function of the colour being calibrated. The colour
patches which are further away in the colour space
are weighted less than those nearby. The CIE 4E;,
formula was used, since the colour differences are
expected to be large, which makes the use of CIE
AE}, inappropriate.

Calibration with a linear combination

This calibration method computes each
calibrated component as a linear combination
of the old component values in CIE Lab. Again,
the task is to find the coefficients where the
distance between the calibrated patches and their
respective reference values is minimal.

C=(ab), C=(U,dDb)
L'=L-u, +a-us +b-u, +u
a'=L-u,+a ug+b-u, +u,
b'=L-u, +a-ugs +b-u, +u;

The meaning of components a and b in CIE Lab
is the balance between red and green, and yellow
and blue. We can add some more strength to the

method by choosing different coefficients for the
positive and negative side of the a and b axes:

ug  a>0,
Ug, (@)=4 0 a=0,
Ug, a< 0;
uy b >0,
u, ()= 0 b=0,
Up, b < 0;

As shown later, this improves the results
somewhat, but since it is still a linear
transformation there should be no problems with
skewing the colour space. The exception would be
if the colour value of some patch deviated greatly
from the reference values. This could be avoided
by leaving out the patches which deviate the
most. However this could lead to overfitting, or
bad calibration results in cases, where some part
of the colour space on the captured photograph
really was quite far from the reference values. The
method for calibration with a weighted average is
more robust against this kind of problem.

Apart from this, we have only noticed one more
interesting glitch, later found not to be limited to
this method. The cyan patch found in the third
row of the ColorChecker calibration chart has
Lab values which fall outside the range of colours
presentable in the RGB colour system which is
used in digital photography. This means there is
some colour clamping upon conversion from CIE
Lab back to RGB. We have noticed this effect on
an image which had strong JPEG compression
artifacts, which the clamping had amplified. If the
RGB colour system supported a wider range, the
red component of RGB would need to be negative,
but this issue is not too problematic, since the CIE
AEj, distance between the actual and clamped
value is only 2.2, and the application performs
the calculations and user readouts in the CIE Lab
colour space, so the glitch was noticeable only on
screen, and upon saving back to JPEG.

User interface

The application user interface is simple and
contains only the necessary components for swift,
accurate and repeatable colour analysis. The
interface was built using the Scala Swing library.
In figure 5 the original photograph can be seen on
the left including annotation points for the colour
charts ColorChecker, and Creative Enhancement
Target. On the right side the colour calibrated
photo with some manually added annotations
is shown. The results of colour analysis at these
points and areas are presented in the text field on
the right. Additionally the photograph metadata
and annotation data can be saved to a file. To ease
working with the calibrated photograph, we can
choose to hide the original photograph.

If the user only wants to check particular
photograph colour values, they can click on
the desired points. If the shift key is held when
moving the mouse pointer around the photograph,
the colour values under the mouse cursor are
continually printed out on the right. An area on
the photograph can be selected holding the control
key and dragging the mouse. The application then
prints the average colour value and percentage of
coverage of individual Munsell colour values. In
the annotation mode colour values of currently
selected points and areas are printed out on the
right side.
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Fig. 5 User interface of the developed application.

Results
Measuring the accuracy of colour calibration

A good colour calibration is necessary to
precisely determine the colour values. Therefore
we evaluated the accuracy of the calibration
procedure. We estimated the accuracy with
statistical analysis of deviations between
measured and reference colour values of two
colour charts. We first compiled a statistic for
the ColorChecker colour chart. This could be
problematic as this data also served as the basis
of fitting the parameters for the calibration
procedure. In the case of a too strong fit
(overfitting), we would not be able to detect it.
Therefore we chose to additionally evaluate the
colour deviations on the upper eight patches
of the Creative Enhancement Suite (CET)
colour chart. We have to reiterate that the
reference colour values used for CET colour
chart are not provided by the colour chart
manufacturer, which could cause deviations.

However, the deviations should be small since
the values we use were acquired with accurate
spectrophotometric measuring (Myers, 2010).

We used two sets of digital photographs for
evaluation. The first set contains 40 different
photographs taken under non-controlled conditions
— outdoors (field work) and indoors — and therefore
contains a mixture of different light conditions
(direct sunlight, cloudy weather, indirect lighting in
shadows, camera flash, indoor lighting etc.) taken
with a variety of digital photographic cameras.

The second set of photographs contains 10
digital photographs, which were taken using
the geological sample collection of Faculty of
Natural Sciences and Engineering, University
of Ljubljana. This set of photographs was taken
under good lighting conditions on a white surface
using camera flash illumination. Both sides of
the colour chart (ColorChecker and CET) were
positioned and lit as consistently as possible in
every photograph.
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Fig. 6. Boxplot of deviation from reference colour values (0) on ColorChecker (left) in CET (right) colour charts for photographs

captured under outdoor field work conditions.
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Fig. 7. Boxplot of deviation from reference colour values (0) on ColorChecker (left) in CET (right) colour charts for photographs

captured under laboratory conditions.

As we can see in figures 6 and 7 the colour
calibration lowers deviations and distances in
almost every case and thus enhances the quality
of colour information. First column in the figures
represents the distances of measured uncalibrated
colour values from the reference values. Other
columns show colour distances after different
colour calibration procedures, which were
presented in the colour calibration section.

In the photos captured in non-controlled
conditions we can see alarge difference between the
values shown on theleft and right in Figure 6. This is
likely the consequence of different illumination on
the two colour charts in the photographs, therefore
we once again stress the importance of uniform
lighting, i.e. usage of additional lighting or camera
flash when photographing. For photographs taken
under laboratory conditions in figure 7 the colour
deviations between detected and reference values
are much lower and the interval is narrower. It is
interesting that all values, even in the uncalibrated
first column on the left graph in figure 7 are lower
compared to the right graph in figure 7. This may
be the consequence of deviation between the
official values for ColorChecker colour chart and
the unofficial values for the CET colour chart.

On the basis of the above measurements of
deviation from the reference values, we can
assess that by using the proposed computer-aided
method under good lighting conditions we can
calibrate colours almost as precise as an average
human being can differentiate between different
shades of colours (MauY ET AL., 1994). Moreover
for photographs captured in non-controlled
conditions, we can greatly improve the quality of
colour information.

Comparative analysis

Inthesecond partoftheevaluation we compared
the results of manual colour analysis of rock
samples by students of geology using a Munsell
Rock-color Chart. From the geological rock sample
collection of Department of geology of Faculty of
Natural Sciences and Engineering, University of
Ljubljana, we selected 10 rock samples (Table 1)

and photographed them on a level white surface
using camera flash (Fig. 8). Captured images
were colour calibrated with the second linear
combination procedure, which performed best in
the assessment. Then we selected and determined
the colour values of representative parts of each
sample using the application.

T L T
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Fig. 8. Rock samples that were colour analysed in the
comparison experiment.

With the help of eight volunteer geology
students we conducted an experiment. We
enumerated and put 10 rock samples on the
laboratory table and we specified how many
different colours have to be determined for each
sample (Fig. 8). The students were instructed
to determine the set number of colours based
on the importance and colour coverage using
their domain knowledge. The students had the
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appropriate experiences for the task, since they
have already been trained to determine colour
using comparison methods in laboratory and
outdoor field working conditions. It turned out
that not every student determined the colours on
the same part of the multi-coloured rock samples
and consequently the order and colour labels
did not match. The result is somewhat worse
compared to the expected precision of colour

value discrimination precision of the average
human. The experiment has shown that the
selection of measuring points on rock surface is
subjective. In some cases it was difficult to infer
which part of rock is described by a given colour
value. Table 1 summarizes the determined colour
labels for all samples. The last column shows the
average of average CIE AE00* distance between
the determined colour values in each group.

Table 1. Results of manual comparative rock colours determination on selected rock samples. From high average distances between
individual readings it is obvious the subjective selection of the points of observation/comparison by the observers.

estimated compared
average of average
colour - colours, number of .
no. sample . os . intermeasure
mineral composition students with the same distances in CIE
estimation in brackets
white — calcite 5Y 8/1 (3),N8 (3), 5GY 8/1, N7 8.71
1 mineralised green — epidote 10Y 5/4 (5), 10Y 7/4 (2), 10Y 6/6 8.79
skarn — contact-
metamorphic rock red - granate 10R 2/2 (2), 10R 3/4, 5YR 3/4, 5R 2/2, 10R 6/2 16.97
black — ore mineral N2 (5), N3 (2), 5Y 2/1 5.23
magnetite
white - quartz 5Y 8/1 (2), N9 (2), 5B 9/1, 5G 8/1, N7, N8 11.88
hidrothermaly altered
2 | fine-grained magmatic dark green — chlorite 10GY 5/2 (3),10G 4/2 (2),10Y 4/2 8.65
rock
light green — epidote 5GY 7/4 (3), 10Y 6/6 (2), 10Y 5/4, 5GY 7/2 10.39
red — cinnabarite 5R 3/4 (4), 5R 2/6 (2), 5R 4/6 (2) 7.60
mercury ore in
3 carbonate host rock grey — dolomite 5Y 6/1 (4),5Y 6/2,5Y 4/1, N7, N5 10.96
from the Idrija mine
black — pirobitumen N1 (4), 5R 3/4,10YR 2/2,5GY 4/1 14.80
brown — goethite N2, N3 (2), N4, 10YR 2/2 (2), 5YR 3/2 (2), 10.35
aluminium ore — . . 10R 6/2,5YR 5/6 (2), 10YR 6/6 (2), 10YR 8/6,
4 bauxite yellow — lepidokrokite 10YR 5/4, 5YR 2/2 20.22
red — hematite 5R 4/6, 10R 3/4 (5), 10R 8/2,10R 4/6 15.13
red hematitized red: hematite in limestone
5 : build of calcite; 10R 3/4 (3), 5R 4/6 (2), 5R 3/4 (2), 10R 5/4 8.76
limestone o .
white: vein of pure calcite
green — serpentinite 10Y 5/4 (3),10Y 7/4 (2),5Y 7/6,5Y 4/4,5Y 6/4 13.36
6 chrome ore :
black — ore mineral N2 (4), N1, 5Y 2/1, 5G 2/1 6,53
chromite
brown pigment- goethite 10R 6/6 (2), 10R 7/4 (5), 5R 6/6 5.81
7 aluminium ore yellow pigment - lepi- 5Y 8/4, 10YR 8/6 (7) 2.17
dokrokite
red pigment — hematite 10R 4/6, 5R 6/6, 10R 3/4 (5), 10R 5/4 12.05
black ‘a‘l’éﬁirt‘:neral N5 (3), N4 (2), N3 (2), 5G 4/1 10.96
carbonate host rock g -
8 mineralised with brown — ore mineral 5Y 8/1 (5), 5GY 8/1 (2), N9 5.71
lead and zinc sphalerite
white — dolomite 5Y 7/2 (3),5Y 6/1 (2), 5GY 8/1 (2) 8.18
. brown - ore mineral 5Y 5/2,10YR 6/6 (4), 5YR 3/4,10YR 2/2, 5YR
silicified carbonate sphalerite 5/6 18.75
9 rock mineralised by hite — dolomit o
zine white ~ doomite partly | 5y /1 (2), N5, N7,5G 8/1, 10YR 4/2, 5Y 6/1 (2) 18.80
replaced by quartz
white - plagioclase N9 (7),5Y 8/1 3.37
. 5R 7/4, 10R 8/2, 5R 8/2, 5YR 8/4, 10R 7/4 (2),
" coarse - grained pink — K feldspath 5YR 6/4, 5YR 8/4 10.24
igneous rock
5 grey — quartz N5 (2), N6 (2), N7 (3),5Y 8/1 11.48
black - biotite N1 (4), N2 (3), 5G 2/1 5.45
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Sampleno.3isthe only cut and polished sample.
The values for red agree well, however for grey and
black the students chose less saturated hues, i.e.
purer grey and black. A possible explanation for
this is that the surrounding red colour influenced
the students’ perception of grey and black. Such
phenomena of human visual perception are
acknowledged by SHarRMA & Bara, 2002. We chose
sample no. 5 for its relatively uniform coloration
and therefore we instructed the students to
determine only one colour value - in this case the
subjectivity of choosing the measuring location
is smaller. Samples no. 4 and 9 proved to be
problematic as the students chose many different
colour values. Sample no. 9 was problematic for
the application as well since it contains small
fragments of brown mineral sphalerite which
somewhat reflects light — in this case it would be
better to photograph the sample without using
the flash and in a very high resolution to be able
to analyse individual fragments. It would be
necessary to examine and determine the optimal
conditions for photographing samples that are
reflecting light to different degrees.

Let us name a few other problems we noticed
during the experiment. One of the students turned
the colour chart the other way around and read
the wrong colour values, however he noticed
the mistake after finishing the first sample and
corrected the results. One of the noted colour
values was not a valid value in the Munsell
system. Two of the students marked two different
rock samples with the same number, however we
managed to determine which sample they belong
to in both cases by examining the remaining data.
Some samples were missing a few of the colour
values and there was one sample with one value
more than the requested number of values. When
transcribing the written data into the computer
we made a few mistakes that were identified and
corrected after proofreading. Colour analysis with
the help of the application would solve most of the
subjective causes for problems.

If we count the number of measures for each
sample we can see that every colour is on average
represented by four different Munsell colour
values. If all the students took the measures on the
same points of the rock sample and if we eliminate
some of the other errors that occurred in the data,
the average would likely be reduced. However, it is
necessary tostressthat the students were motivated
volunteers who did the colour determinations in a
well-lit room. We believe that the values acquired
during field work would be much more varied,
since we have to take into account the weather,
and changing light conditions.

Discussion

Estimation of colour value and colour coverage
for multicoloured objects in geology is very
subjective especially in field work due to lack
of time and unpredictable weather and lighting

conditions. Objectivity is higher when these
parameters are estimated on the samples brought
from field work to the laboratory, where there are
fewer time constraints and the lighting conditions
are better. Moreover there is no precipitation,
humidity is low and there is less chance to make
the colour chart dirty or otherwise degrade its
quality. The presented computer application is
useful in both environments. During field work
it enables very quick acquisition of the observed
object’s colours information, while the analyses
can be done later in the laboratory or office with
the use of the proposed application when there is
more time available.

The computer application also substantially
enhances and improves the work in the laboratory.

We propose to include colour -calibrated
photographs into the archives along with the
samples or other objects of observation.

Further development of the application can
take several directions. We can implement it as
a web and/or mobile application suited for field
work use. Digital photography is inexpensive
and enables photographic documentation of all
important rock outcrops on the route of field
observation, which could result in several hundred
observed outcrops and samples daily. With the
synchronous capture of digital photographs of
rocks outcrops and samples combined with the
GPS coordinates the user can map rock colour
variability in the area.

In areas where rock colour is distinctive of a
specific part of the lithostratigraphic succession
(lithostratigraphic unit) we can use the quality
rock colour information as basic lithology
recognition parameters, which in turn enable us
to construct geological maps together with the use
of structural and tectonic elements.

For further processing of the acquired data
we can use additional statistical approaches (e.g.
clustering) and with the help of crowdsourcing we
can build a database containing colours of rock
and mineral types, which could aid computer rock
identification.

The proposed method is most useful for
recognition of lithostratigraphic wunits, which
contain varieties of clastic sedimentary and mixed
carbonate-clastic sedimentary rock varieties. We
believe that most of such lithostratigraphic units
could be distinguished and recognised on the basis
of the proposed method of colour analysis.

Conclusions

Munsell Rock-color Chart and Munsell Soil-
color Chart for soils have already been used for
precise comparative determination of rock and
mineral colours for some decades. Determining
colour values of multicoloured rocks in the field
with the manual method is very time consuming
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and consequently expensive. This is especially
so in detrimental weather conditions when
colour charts could get wet and/or dirty, making
comparison inconvenient and can severely
degrade the quality of the standard chart used
for comparison. Conventional colour charts are
relatively expensive, so every additional purchase
in order to replace a dirty chart is an additional
unplanned cost.

In search for the best compromise between
time used for colour determination and quality
of colour determination for multicoloured
objects, each observer chooses their own set of
representative points. This was found to be more
or less subjective and did not necessarily result
in colour values, which were representative for
the observed outcrop or for a rock fragment,
taking into account the surface area of a specific
colour.

Surface colour representation and coverage is
often very subjectively estimated. Determination
of colour surface coverage on the basis of a
statistically representative number of evenly
distributed points on the analysed surface is too
time consuming and consequently too expensive
and usually omitted. This results in subjectivity
and an incorrect estimation of various visible rock
characteristics.

Digital cameras have become a standard
tool for documenting geological and other field
observations. Besides various other information
found in digital photographs, they can be also
used as an objective source of colour values and
their areal coverage on the captured objects, if the
digital photographs are properly calibrated.

To provide fast, objective and repeatable
colour values determination we have developed a
computer application, which provides automatic
colour calibration of digital photographs on the
basis of a standard colour chart ColorChecker,
systematically added onto the photographed
surface. It automatically identifies colours within
the Munsell colour system, and calculates colour
surface/areal representativity coverage and
logs the details of executed analyses (positions
of measured points and areas saved along with
calibrated images).

For digital photograph colour calibration we
implemented the detection of the ColorChecker
and Creative Enhancement Suite colour charts,
which are a part of the ColorChecker Passport
produced by the X-Rite Company. It is easy to
add support for any other models or types of
colour charts, if needed, as the used approach for
detection and calibration is general and can be
used for any of them.

We have implemented four methods for
computer colour calibration, which use
evolutionary algorithms to determine the best
coefficients for each method.

Methods for colour calibrations have improved
the quality of colour information on practically
all the digital photographs used in the assessment.
In some test photographs, taken in non-controlled
conditions, there was quite a big deviation of
colour values from the reference values for the
Creative Enhancement Target, which was not
used in calibration (fig. 6). The deviation is likely
a consequence of uneven natural lighting, so it is
necessary that during the capture of the digital
photographs, the colour chart and the outcrop,
rock or any other object of photography, is as
evenly illuminated as possible (e.g. by using camera
flash). The test photographs were taken in very
varied conditions on purpose, so the effectivity of
the method could be tested.

The assessment results of the colour calibration
methods we implemented also show that under
laboratory conditions the colour distances from
reference colour values are low and around the
limit which still can be recognised by human vision.
For the photographs taken under non-controlled
conditions the average colour distances are larger,
but still quite low and within acceptable limits.

Results of the comparison between the proposed
automatic and the existing manual/comparative
methods have shown, that manual/comparative
colour determination is subjective and error-prone,
even in stable laboratory conditions with no time
pressure and with optimal lighting conditions.

The user interface of the developed computer
application enables colour value determination
at selected points and calculation of colour value
coverage and average colour of a broader selected
area. Selected annotation points and areas, and the
detail of calibration are saved inside the metadata
of photographs, which enables full repeatability,
and verifiability of the analyses at a later date.

The described method is not limited to the
field of geology and can be used in other areas,
where colour determinations and colour areal
representativity determination is a common task
and objects of observation are of appropriate size
to add a calibration colour chart into the scene,
for example in soil science, archeology, biology,
architecture, painting, art history etc.
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Nova knjiga

Goran Schmidt, 2015: Slovenska rudarska porocila iz rudiS¢a Bels¢ica v Karavankah s preloma 18. in 19. stoletja
za Sigismonda (Ziga) Zoisa. Diplomaticéni in kritiéni prepis, interpretacija v sodobni slovenséini in komentar
porocil o delovanju rudnika Zirovnica, ki sta jih med letoma 1797 in 1805 pisala rudarska nadzornika Lukas in
Vincenc Polc; v Dodatku Geslovnik s komentarjem. Thesaurus memoriae Fontes 11, Zgodovinski institut Milka
kosa ZRC SAZU, Ljubljana: 494 str.

O zgodovini rudarjenja na slovenskem ozemlju
obstaja mnogo =zapisov, a nova monografija
postavlja visoka merila tudi tej tematiki. Dr. Goran
Schmidt je s svojim sistemati¢nim pristopom
tako arhivskih virov, kot tudi terenskih pregledov
podal obsezen pregled o zgodovini, delovanju in
tudi geologiji nekdanjega rudis¢a BelS¢ica izpod
Stola v Karavankah. Monografija je zastavljena
pregledno, kjer avtor predstavi nekaj znaéilnosti
takratnih Zoisovih rudnikov. Sledi predstavitev
poroc¢il o rudisc¢u BelScica, kjer poizkusSa avtor
locirati tudi omenjane rudne jame in predstavi
avtorje arhivskih poro¢il in njihovo obliko.V enem
od poglavij avtor predstavi rudarska porocila tudi
z vidika jezikoslovija.

Iz poroéil je bilo mogoce razbrati izjemno veliko
informacij, ki jih v publikaciji lahko prebiramo
pod poglavji o organizaciji dela in delokrogih na
rudis¢u. Sledijo zapisi o tehnologiji pridobivanja

THESAURUS MEMORIAE

GORAN SCHMIDT

SLOVENSKA RUDARSKA POROCILA
IZ RUDISCA BELSCICA V KARAVANKAH

S PRELOMA 18. IN 19. STOLETJA ZA SIGISMONDA (ZIGA) ZOISA

Fonrtes 11

ZGODOVINSKI INSTITUT MILKA KOSA ZRC SAZU

rude, od rudniskih naértov, rudniskih jam in rovov,
odkopnih tehnik ter vse do koli¢ine izkopane rude.
V geoloskem delu publikacije najdemo zanimiva
stara poimenovanja posameznih rud, kamnin,
lege rudnih teles kot tudi problematike vdorov
vode in plinov v rudniskih rovih. Posebno, kratko
poglavije je namenjeno tudi rudniku Zirovnica, ki
je eden redkih rudnikov z ohranjenimi arhivskimi
podatki skozi celotni ¢as delovanja. Najvedji
del publikacije obsegajo diplomati¢ni prepisi in
kritiéni prepisi porocil.

Pricujoca publikacija je opremljena tudi s
slikovnimi dodatki, ki dejansko stanje rudarske
dedis¢ine  najbolje  izpri¢ujejo  fotografije
zaruSenih rovov in nekaterih drugih rudarskih del.
Obseznejso slikovno gradivo bi pripomoglo k Se
boljsi predstavitvi rudiséa. Avtor je z nekaterimi
sodelavci na koncu pripravil tudi geslovnik, kjer
pojasnjuje mnoge posebne besede in besedne
sklope in jih kritiéno opredeli. Prav geslovnik
predstavlja izjemen prispevek k razumevanju in
raziskovanju rudarske zgodovine, tudi nesnovne.
Pregled literature in virov je obseZen, a Se vedno
pomanjkljiv, saj manjka nekaj pomembnejsih
avtorjev oziroma publikacij. Med njimi lahko
izpostavimo dela Alfonsa Miillnerja, ki ni
opisoval samo zelezarstva in rudnikov Zeleza na
Kranjskem, ampak tudi druge kovinske rudnike
Kranjske v reviji Argo. Gotovo tudi geoloska
poroc¢ila Friedricha Tellerja in drugih geologov
podajajo Se ve¢ informacij o geoloski zgradbi in
zato lazji interpretaciji obdelanih porocil. Izmed
kartografskih virov pa pogreSamo omembe
JoZefinskih vojaskih kart, nastalih med leti 1806-
1869, kjer so na ozemlju pod Stolom natanc¢no
oznacene rudniske jame in rudisce.

Monografija Slovenska rudarska poroéila iz
rudi$¢a Bels¢ica v Karavankah na prelomu 18. in
19. stoletja za Sigismonda (Ziga) Zoisa gotovo ne
bo edina izpod peresa dr. Gorana Schmidta, saj
kot poznavalec deluje na tem podro¢ju vrsto let.
Ta publikacija je dober pokazatelj pomanjkanja
podobnih del v zelo pestri rudarski zgodovini, ki
je ze desetletja zapostavljena. Seveda je teoreti¢ni
del potrebno nadgraditi in dokumentirati tudi z
terenskimi podatki, kar je gotovo tudi zelja avtorja
monografije in drugih raziskovalcev, saj snovna
dedis¢ina rudarstva izjemno hitro izginja nazaj v
nedrja narave.

Matija KriZnar
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Tudi tokrat je hidrogeoloski kolokvij potekal
v soorganizaciji Katedre za aplikativno geologijo
- Oddelka za geologijo Naravoslovnotehniske
fakultete in Slovenskega komiteja mednarodnega
zdruzenja hidrogeologov - SKIAH, prav tako
kot lani, tudi letos v tednu Univerze v Ljubljani.
Dogodek jebil sestavljeniz dveh delov. Vprvem delu
so bile podeljene nagrade SKIAH, v drugem delu,
imenovanem Rim po Rimu pa so bila predstavljena
predavanja in tudi vecina posterjev, ki so jih v
mesecu septembru imeli slovenski hidrogeologi v
Rimu, na 42. hidrogeoloskem kongresu.

Z letosnjim letom je SKIAH uvedel podeljevanje
nagrad za pomembne dosezke na podrocju
hidrogeologije. Nagrado Franceta Drobneta za
mladega hidrogeologa je prejela dr. Nina Rman z
Geoloskega zavoda Slovenije za svojo doktorsko
disertacijo z naslovom »Analysis of the extraction
of thermal water from low enthalpy geothermal
resources in sedimentary basins: a case study of
the Mura-Zala sedimentary basin« (Izkoris¢anje
termalne vode iz nizko entalpijskega geotermalnega
vira v sedimentnem bazenu na primeru Mursko-
zalskega sedimentnega bazena). Dr. Rman Ze ima
zavidljivo raziskovalno bibliografijo, ki jo je na
kratko povzela v predstavitvenem predavanju z
nekoliko humornim naslovom »Odkrivanje tople
vode ... «. Nagrado DuSana Kuscerja za zivljenjsko
delo na podro¢ju hidrogeologije je prejel dr. Ljubo
Zlebnik, ki je skoraj celotno svojo profesionalno
karieroposvetilhidrogeologiji. Dr. Zlebnik sodimed
pionirje kvantitativne hidrogeologije v Sloveniji,
pomembno pa je zaznamoval tudi hidrogeologijo na
obmoc¢ju nekdanje Jugoslavije. Ukvarjal se je z zelo
Sirokim spektrom hidrogeoloskih raziskav, med
katerimi bi lahko izpostavili aplikativne raziskave
za Stevilne elektroenergetske objekte in regionalne
hidrogeoloske raziskave. Je tudi zelo plodovit pisec
znanstvenih in strokovnih del, nekatera med njimi
so danes za slovensko hidrogeologijo pomembna
referenéna dela. Dr. Zlebnik je v zahvalnem
govoru na kratko orisal svojo kareiro ter se ozrl
na zacCetke izvajanja kvantitativnih terenskih
poizkusov v kvartarnih vodonosnikih. Nagrade je
podelil predsednik SKIAH mag. Zlatko Mikuli¢ ob
sodelovanju dr. Katice Drobne in Nuse Kuscer.

V drugem delu kolokvija so sledila §tiri
predavanja. Prvo predavanje z naslovom
»Ocenjevanje obnovljive in razpolozljive koli¢ine
podzemne vode za nacrtovanje upravljanja voda«
avtorjev Mikuli¢, Uhan, Janza in Andjelov, je
predstavil mag. Zlatko Mikuli¢. V predavanju
so bila predstavljena zakonodajna izhodis¢a za

upravljanje s podzemno vodo na obmocju Slovenije
in metodoloski pristopi, ki se jih v Sloveniji uporablja
za ocenjevanje koli¢inskega stanja podzemne vode.

Drugo predavanje z naslovom »Geokemic¢ni
procesivpodzemnivodiVelenjskegapremogovnega
bazena« avtorjev Kandu¢, Samardzija, Grassa,
Verbovsek, Vizintin, Supovec, Papez in Lenart,
je predstavil dr. Timotej Verbovsek. Avtorji so se
lotili podrobne analize geokemi¢nih znacilnosti
razlicnih podzemnih voda na S§irSem obmocju
Velenja. Pri delu so bile uporabljene analize zelo
Sirokega spektra, od klasi¢nih kemijskih analiz, do
izotopskih analiz vode. Predstavljeni preliminarni
rezultati kaZejo na zelo raznoliko genezo in
napajalno zaledje posameznih vodonosnikov.

Tretje predavanje z naslovom »Ranljivost vodnih
virov z vidika podnebnih sprememb v jugovzhodni
Evropi«avtorjev Cenéur Curk, Vrhovnik, Verbovsek,
Corsini, Simonfy, Tahy, Dimkic, Nachtnebel,
Hernegger, je predstavila dr. Barbara Cencur
Curk. Rezultati, ki jih je podala predavateljica so
bili pridobljeni v okviru evropskega projekta CC-
Ware, ki je potekal v okviru regionalne iniciative
Jugovzhodna Evropa. Projekt se je ukvarjal z
aktualno problematiko vpliva podnebnih sprememb
na oskrbo s pitno vodo. Avtorji projekta so na
podlagi razliénih podnebnih scenarijev izdelali
dolgoro¢ne napovedi razpolozljivih koli¢in pitne
vode v vodnih virih na ir§em prostoru jugovzhodne
Evrope. Analize so pokazale, da so najbolj ranljive
mediteranske drzave na jugu Evrope, drzave
centralne Evrope, kot sta Slovenija in Avstrija, pa
vecjih problemov ne pri¢akujeta.

Cetrto predavanje z naslovom »Regionalni
tok podzemne vode v krasu« je predstavil dr.
Mihael Brenci¢. Pri toku podzemne vode v krasu
Se vedno obstajajo Stevilni odpri problemi, ki
so povezani z raztekanjem in koncentracijo
odtoka. V predavanju so bila predstavljena
teoreti¢na izhodis¢a na podlagi katerih lahko
nekatere znacilnosti toka podzemne vode v krasu
razlozimo s pomocjo koncepta regionalnega toka
in enotskega bazena po Tothu.

Dogodek je potekal v izredno spros¢enem
vzdusju h kateremu sta pomembno prispevala oba
nagrajenca. Prav tako so predavanja in poster;ji,
ki so jih slovenski hidrogeologi prestavili na
hidrogeoloskem kongresu v Rimu, pokazali, da je
v Sloveniji hidrogeoloSka stroka zelo aktivna in
da se lahko s svojimi rezultati enakovredno kosa s
hidrogeolosko stroko in znanostjo v tujini.
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5. Svetovni geotermalni kongres v Melbournu (Avstralija)
19. - 24. 4. 2015

Dusan RAJVER

Geoloski zavod Slovenije, Dimiceva ul.14, SI-1000 Ljubljana; e-mail: dusan.rajver@geo-zs.si

V Melbournu se je aprila 2015 v centru
MCEC odvijal 5. svetovni geotermalni kongres.
Melbourne je glavno mesto zvezne drzave Viktorija
in drugo najvecje avstralsko mesto s 3,5 milijoni
prebivalcev. Svetovni geotermalni kongresi se
v organizaciji Mednarodnega geotermalnega
zdruzenja (IGA) odvijajo vsakih pet let. Prejsnji
kongresi so bili leta 2010 v Indoneziji (Nusa Dua,
Bali), leta 2005 v Turciji (Antalya), leta 2000 na
Japonskem (v krajih Beppu in Morioka), prvi
pa leta 1995 v Italiji (Firence). Pred letom 1995
so se odvijali Mednarodni simpoziji o razvoju in
izkoris¢anju geotermalnih virov pod okriljem
Zdruzenih narodov. Prvi tovrsten simpozij je
bil leta 1970 v Italiji (Pisa). Naslednji simpoziji
so postali za svetovno javnost zanimivejsi, saj
so sledili prvemu svetovnemu naftnemu Soku
leta 1973 in so $li vStric s pospeSenim iskanjem
alternativnih virov energije. Tako je leta 1975
sledil drugi simpozij v San Francisku. Leta 1980
svetovnega simpozija ni bilo. Leta 1985 in 1990 pa
so pod okriljem ameriskega sveta za geotermalne
vire (Geothermal Resources Council) organizirali
Mednarodni simpozij o geotermalni energiji,
obakrat na Havajih.

Tokratni kongres sta organizirali dve drzavi,
Avstralija in Nova Zelandija, udelezilo se ga je
okoli 1600 udelezencev, od tega 1300 na samem
kongresu. Sosklicatelja kongresa sta bili drzavni
geotermalni zdruzenji Avstralije in Nove Zelandije,
pod glavnim sponzorstvom filipinske druZbe
Energy Development Corporation, tema kongresa
pa je bila: »Views from down under — geothermal
in perspective« (»Pogledi od tam spodaj -
geotermalna v perspektivi«). Nova Zelandija je
danes s 1005 MW _peta na svetu po instalirani mo¢i
geotermalnih elektrarn in s 7000 GWh v letu 2014
celo ¢etrta na svetu po proizvedeni elektriki iz teh
elektrarn, v neposredni rabi geotermalne energije
pa je na prav tako odliénem 14. mestu (8621 TJ
ali 2395 GWh v letu 2014). Avstralija ima sicer
le eno elektrarno na geotermalno energijo, ki je
razvita na principu »izboljSanega (spodbujenega)
geotermalnega sistema« (EGS), z instalirano mocjo
1,1 MW_. V neposredni rabi geotermalne energije
(194,4 TJ v letu 2014) pa je sicer Sele na 52. mestu
med 82 drZavami, ki so porocale o neposredni
rabi, vendar z dobrimi pogoji za nadaljnjo rast.
Lahko re¢emo, da sta obe drzavi svetovni kongres
upravic¢eno organizirali s primerno predstavitvijo
sodobnega stanja v razvoju in izkoriséanju
geotermalne energije.

Kongres je bil predvsem v primerjavi s tistim
leta 2010 v Indoneziji nekoliko slabse obiskan
zaradi velike oddaljenosti in s tem povezanih

stroskov. Po drugi strani pa je bil leto$nji kongres
najve¢ji doslej po Stevilu sprejetih referatov, s
30% porastom v Stevilu le-teh glede na kongres
leta 2010. To je rezultat Siritve svetovne dejavnosti
v raziskavah in rabi geotermalne energije, kakor
tudi porasta v popularnosti kongresa samega.
Za ta kongres je bilo sprejeto 1346 referatov
iz 89 drzav, od teh je bilo 1076 predavanj v 12
vzporednih sekcijah, 270 pa kot posterji.

Pod okriljem kongresa se je odvijalo veé
kratkih  pred- in po-kongresnih  tecajev
(GUTIERREZ-NEGRIN, 2015) Stirje od petih pred-
kongresnih tecajev so se odvijali na Univerzi
Victoria v Melbournu. To so bili: (1) — Drilling,
completion and testing of geothermal wells, (2)
— Electricity generation from low-temperature
geothermal resources, (3) — Reservoir engineering
and reservoir management, in (4) — Scaling and
corrosion in geothermal development. Tecaj (5) —
Reducing drilling costs — from exploration to field
management je financirala Svetovna banka ter se
je odvijal v Melbournu. Edini te¢aj po kongresu
Geothermal policy and implementation — The
New Zealand example se je odvijal v Taupo-ju
(Nova Zelandija). Aktualne geotermalne téme,
izjemni predavatelji in aktivna izmenjava mnenj
udelezencev tecajev je pripomogla k uspesnosti
tecajev, kar je zelo dvignilo uspeSnost kongresa v
celoti. Pred kongresom sta bili izvedeni tudi dve
strokovni ekskurziji, 4-dnevna v drzavi Victoria in
1-dnevna v okolici Melbourna, po kongresu pa Se
tri 3-dnevne ekskurzije po severnem otoku Nove
Zelandije.

Kongres v Melbournu je bil prica ponovnega
zagona v geotermalnem razvoju, ¢e primerjamo
stanje le tega v obdobju treh mejnikov (tabela
1). Od kongresa WGC 2005 dalje je skupno 88
drzav prikazalo oz. porocalo o izkoriS¢anju
geotermalne energije: za proizvodnjo elektrike ali
za neposredno rabo ali za oboje.Ve¢ podrobnosti o
stanju neposredne rabe in proizvodnje elektrike iz
geotermalne energije pa sledi v bodo¢em ¢lanku.

Kam so osredotoceni glavni napori vraziskavah
in razvoju, se vidi iz Stevila prevladujoc¢ih tém z
vsaj 50 ali veé¢ referati na CD zborniku: geofizika
(109), inZeniring geotermalnih rezervoarjev (108),
geokemija (99), raziskave (92), geologija (85),
ocenitev virov (80), sedanje stanje izkoris¢anja
po drzavah (77), proizvodnja elektrike (74), EGS
(59) in geotermalne toplotne ¢rpalke (56). Znova se
je izkazalo, da so posredne in povrsinske metode
(geofizika, geokemija in geologija) zelo pomembne
v raziskavah in upravljanju geotermalnih virov.
Stevilni referati o raziskavah kazejo kako dejavno
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Tabela 1. Stanje izkoriscanja geotermalne energije v svetu; navedena so leta, v katerih je bilo poro¢ano na kongresih (Berrant, 2015;

Lunp & Boyp, 2015).

Leto 2005 2010 2015
Proizvodnja elektrike
Instalirana kapaciteta (MW ) 8933 10716 12635
Proizvedena elektrika (GWh/leto) 55709 67246 73549
Koeficient izkoristka 0,71 0,72 0,727
Stevilo drzav 23 24 26
Neposredna raba
Instalirana kapaciteta (MW)) 28269 50583 70329
IzkoriS¢ena energija (TJ/leto) 273372 438071 587786
Koeficient izkoristka 0,31 0,27 0,27
Stevilo drzav 72 78 82
je iskanje novih virov. Se nikoli ni bilo na kongresu Viri

toliko referatov osredotoc¢enih na EGS sisteme,
¢eprav so poglavitne tezave, vezane na vrtanje in
stimulacijo rezervoarja, nekako zavlekle razvoj te
tehnologije.

Glede izkoris¢anja geotermalne energije v
Sloveniji znaSa instalirana kapaciteta za neposredno
rabo skoraj 188 MW , letna izkoris¢ena geotermalna
energija pa skoraj 1265 TJ ali 351,4 GWh (stanje
na 31. dec. 2014), vkljuéno z geotermalnimi
toplotnimi ¢rpalkami (posodobljeno po Rajver et
al, 2015). Prispevek geotermalnih toplotnih ¢érpalk
znaSa 120,6 MW, oziroma 618 TJ/leto. Razli¢ne
vrste uporabe zajemajo: individualno ogrevanje
prostorov, daljinsko ogrevanje, Kklimatizacijo/
hlajenje, ogrevanje rastlinjakov, kopanje in plavanje
z balneologijo, taljenje snega ter geotermalne
toplotne ¢rpalke.

Iz Slovenije se je kongresa udelezil le pisec
tega prispevka, ki je predstavil dva referata
(RaJver et al., 2015a; RaJver et al, 2015b), ostala
dva referata, v katerih so avtorji sodelavci
Geoloskega zavoda Slovenije, pa sta predstavila
M. O‘Sullivan iz univerze v Aucklandu oziroma
G. Goetzl iz avstrijskega geoloSkega zavoda
(Rman et al.,, 2015; PresTor et al., 2015). V centru
MCEC je med kongresom potekala Se razstava
nekaterih najbolj znanih razvojnih inStitucij
ter proizvajalcev in serviserjev raziskovalne in
proizvodne opreme (za vrtine, cevovode, toplotne
postaje, itd.) v geotermalnih raziskavah in
razvoju ter izkoriS¢anju geotermalne energije.
Naslednji svetovni geotermalni kongres bo leta
2020 na Islandiji, Se prej pa bo septembra 2016
ze naslednji evropski geotermalni kongres v
Strasbourgu.
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Akademik, zasl. prof. dr. Matija Drovenik - zadnje slovo

Z zalostjo in velikim sposStovanjem se poslavljamo od dragega
profesorja, sodelavca, akademika in zasluznega profesorja, doktorja
znanosti. univ. inZenirja rudarstva Matije Drovenika.

Zivljenje prof. dr. Matije Drovenika se je zacelo v Ljubljani
14. februarja 1927. Tu je obiskoval osnovno Solo in gimnazijo. Kot
sedemnajstletnega dijaka so ga julija 1944 zaradi sodelovanja v
NOB aretirali in poslali v Nemcijo v taboris¢e Dachau in potem
Rabstein. Po osvoboditvi se je vrnil domov in jeseni 1945 maturiral
ter se vpisal na takratni Rudarski oddelek Tehniske visoke Sole.
Zaradi zanimanja za geolo$ko stroko, znanja in vestnosti je ze kot
Student delal kot pomozni asistent na katedri za mineralogijo,
petrografijo in nauk o rudisé¢ih. Leta 1951 je prejel PreSernovo
nagrado in naslednje leto z odliko diplomiral.

Leta 1953 je zacel pot rudnega geologa v vzhodni Srbiji v Boru.
Stik s slovensko geoloSko stroko je ohranjal s pisanjem c¢lankov,
predvsem o borskem rudis$cu, v reviji Geologija. Za delo Prispevek
k poznavanju kamnin Timoc¢kega eruptivnega masiva mu je 1960
ljubljanska univerza priznala habilitacijo in mesto univerzitetnega
ucitelja. Ker pa v Ljubljani ni imel stanovanja, je z druzino ostal v
Boru. Leta 1961 je na Univerzi v Ljubljani doktoriral z delom Geolosko-petroloska Studija SirSe okolice
rudnika Bor (Vzhodna Srbija). Ko so istega leta v Boru ustanovili rudarsko-metalursko fakulteto, se je
zaposlil kot izredni profesor in bil hkrati glavni geolog borskega bazena. Svoje znanje je preverjal in
dopolnjeval na obiskih v tujini — v Franciji, Bolgariji, Sovjetski zvezi, Romuniji in Nemciji. Med letoma
1963 in 1965 je bil v Alziriji svetnik v direkeiji za rudarstvo in geologijo.

Po vrnitvi v Slovenijo se je zaposlil na ljubljanski univerzi na takratni Fakulteti za naravoslovje in
tehnologijo (FNT). Postal je predstojnik Instituta za geologijo FNT ter strokovni sodelavec Geoloskega
zavoda in RUDIS-a. Leta 1970 je bil izvoljen za izrednega profesorja za predmete Mikroskopiranje
rud in premogov, Raziskovanje in ocena nahajaliS¢ mineralnih surovin ter Teksture in strukture
rud. Raziskovalno se je posvecal metalogenezi Slovenije, zlasti rudis¢u Idrija. Za razpravo o pogojih
nastanka tega rudiséa je skupaj z Ivanom Mlakarjem leta 1973 prejel nagrado Sklada Borisa Kidrica.
Zvest pa je ostal tudi raziskovanju petrogeneze in orudenja v Boru. Bil je med prvimi geologi, ki so
nastanek orudenj ugotavljali s takrat popolnoma novo metodo stabilnih Zveplovih izotopov.

Kot mednarodno priznani strokovnjak je leta 1967 prouceval bakrova rudis¢a v Cilu in Kolumbiji.
S sodelaveci je sestavil program za raziskovanje polimetalnih rudis¢ v Pontidih v Turciji in kasneje tudi
sam sodeloval pri raziskavah na tem obmocju. Leta 1973 je bil gost Nacionalne akademije znanosti
ZDA, Kjer se je seznanjal s pogoji nastanka ter geoloSko zgradbo bakrovih, svinéevo-cinkovih ter
molibdenovih rudisé. Med leti 1972 in 1976 je vec¢krat obiskal severnoitalijanska in avstrijska Pb-Zn
rudisca in jih primerjal z orudenjem v Mezici.

Od ustanovitve Raziskovalne skupnosti Slovenije se je ukvarjal z organizacijo znanstveno-
raziskovalnega dela na podrocju geologije. Bil je pobudnik raziskovalnega projekta Mezozoik v
Sloveniji, ki je bil takrat najvecji zdruZzevalni geoloSki projekt pri nas. Leta 1971 je bil predsednik
organizacijskega komiteja 2. mednarodnega simpozija o rudnih nahajaliséih v Alpah in bil naslednje
leto izvoljen za svetnika DruStva za geologijo mineralnih nahajalis¢ (Society for Geology Applied to
Mineral Deposits). Istega leta je postal tudi ¢lan uredniskega odbora revije Geologija.

Leta 1977 je bil prvi¢ in leta 1982 ponovno izvoljen v naziv rednega profesorja. Leta 1978 je postal
dopisni in 1987 redni ¢lan SAZU v razredu za naravoslovne vede. Med letoma 1992 in 1999 je bil glavni
tajnik SAZU.

V mnogocem je oral strokovno ledino. Med drugim je v Sloveniji vzpostavil delovanje Unescovega
Mednarodnega programa za vede o Zemlji IGCP (International Geologic Correlation Programme).
Bil je prvi predsednik nacionalnega odbora IGCP in ga je uspeSno vodil celih 20 let, od leta 1978 pa
vse do 1997. Ves Cas si je prizadeval za vkljuéitev ¢im vecéjega Stevila mladih raziskovalcev v projekte
IGCP, predvsem pa za pravi¢no razdeljevanje skromnih finan¢nih sredstev za mednarodno sodelovanje
med vse raziskovalce. Zavedal se je, da geologija nima nacionalnih meja, in da je drobce spoznanj
o naSem planetu potrebno neprekinjeno zdruzevati v enoten svetovni mozaik. Svoje bogato znanje
in izkuSnje je kot namestnik vodje mednarodnega projekta ter kot koordinator za Slovenijo skupaj
s sodelavci vtkal v projekt IGCP §t. 6: Korelacija diagnosti¢nih znacilnosti rudis¢ baznih kovin v
dolomitih in apnencih. Poleg tega je sodeloval Se v treh projektih IGCP. Delo je v soavtorstvu z M.




266

Plenicarjem in F. Drovenikom okronal z monografijo Nastanek rudis¢ v SR Sloveniji, ki predstavlja
katekizem za mikroskopijo rudnih mineralov pri nas. Kot rezultat tega dela je Oddelku za geologijo
in vsem prihajajo¢im generacijam Studentov zapustil neprecenljivo zbirko poliranih preparatov.
Sistematizirani so po nahajalis§¢ih in poleg slovenskih predstavljajo tudi §tevilna tuja rudisc¢a. Prof. dr.
Matija Drovenik je ostal ¢astni ¢lan nacionalnega odbora IGCP do konca.

Akademik zasluzni prof. dr. Matija Drovenik je napisal 52 znanstvenih ¢lankov, pet u¢benikov, bil
mentor dvema doktorandoma, trem magistrantom in 16 diplomantom. Poleg tega ni nikdar odrekal
pomoci diplomantom pri drugih mentorjih.

Za svoje delo je prejel Stevilna priznanja — red dela z zlatim vencem, plaketo Rudarsko-topilniskega
bazena Bor, zahvalnico Tehniske fakultete v Boru, Univerze v Beogradu, Zoisovo plaketo ter Lipoldovo
plaketo Geoloskega zavoda Slovenije.

Profesor Drovenik je rad pripovedoval o dozivetjih iz svojega vsebinsko polnega zivljenja; iz ¢asov
svojega dela v borskem rudniku, iz strokovnih potovanj po stirih celinah, obiskov mnogih mineralnih
nahajalis¢ in znanstvenih institucij po svetu. V izjemnem spominu mu je ostalo izpopolnjevanje v
Parizu pri mineralogu Jeanu Orcelu. Poudarjal je, koliko mu dolguje. O necem pa ni rad govoril, o
svoji izkusnji iz nacisti¢nih taboris¢. »V lagerju je bilo tako hudo«, je dejal nekoc¢, »da tega ni mogoce
povedati - in ne pozabiti. Ceprav bi si to zelel«.

Zivljenje mu tudi v nadaljnjem ni prizanaSalo z bole¢imi udarci usode. Po vrnitvi v Ljubljano iz
Alzirijejeumrl vevetulet sin Maticek.Od tetragicneizgube sivsa druzinaninikoli ve¢ povsem opomogla.
Bolec¢ina je bila prehuda. Vendar se Matija ni vdal, ni popustil. V Zivljenju je hudo vracal z dobrim.V
vsem svojem delovanju, od pedagoskega dela, znanstvenega raziskovanja, administrativnih dolznosti
v Soli, stanovskih organizacijah, vodenja raziskovalne dejavnosti, Unescovih geoloskih programov, do
reSevanja povsem osebnih tezav kolegov in Studentov, se je izrazito odlikoval po delavnosti, obéutku
za pravi¢nost, natanc¢nost, inovativnost in nepristranskost. Za njegove dosezke ga je UL imenovala za
zasluznega profesorja. O njegovem zavzemanju za etiko v raziskovalni dejavnosti pri¢a tale zgled, ki
zadeva njegov zadnji znanstveni ¢lanek o Boru iz leta 2006.V njem je, prizadet zaradi tamkajsSnjega
nekritiénega privzetja modela borskega nahajaliS¢a od drugod, tega argumentirano zavrnil na osnovi
svojih rezultatov, pridobljenih s skrbnim proucevanjem geoloskih razmer v rudis¢u. Postenje v znanosti
pomeni izvajati zakljucke samo iz nepristransko pridobljenih, preverjenih opazovanj.V tem duhu je
vzgajal tudi svoje Studente. O uspesSnosti prica bogata bera njihovih odli¢nih raziskovalnih in drugih
delovnih dosezkov. Marsikaksna pedagos$ka in raziskovalna ureditev, ki jo je vzpostavil, zivi dalje,
marsikaj pa se je obrnilo drugace, kot si je zamislil, zlasti pozneje, ko se je upokojil.

Med svojimi Studenti je bil eden najbolj priljubljenih profesorjev; pa ne toliko zaradi snovi same,
kolikor zaradi zara in jasnosti s katerima je predaval, prizadevajoc¢ si, da bi ga lahko vsi razumeli in
mu sledili. Redki so bili, ki jih njegovo navduSenje ni prevzelo. Izredno nevsiljivo je znal ohranjati
ravnotezje med sprosc¢enim, rahlo humornim vzdusjem ter potrebno akademsko resnostjo. Kolikokrat
se je med predavanji, ko je priSel do imena kaksnega kraja, ustavil in nas povprasal — pa veste kje
je Chuquicamata? Seveda nismo vedeli, in Ze je hitel risati po tabli obris Juzne Amerike in dodal Se
lastne izku$nje iz obiska tega dela sveta. Suhoparni podatki so se spremenili v zanimivo zgodbo in
znanje se je kar samo usedlo v nase glave.V nas je znal vzbuditi zanimanje za opazovanje, povezovanje
in razmisljanje. Pri mikroskopiji rud smo komaj ¢akali, da nam dodeli tezji preparat in nam s tem da
priznanje, da je opazil, koliko smo Ze sposobni videti in razumeti. Verjetno nih¢e od nas nikoli ne bo
pozabil skritega mackinawita. Ceprav smo ga izredno sposStovali, se ga nismo nikoli bali. Prej nas je
bilo sram, ¢e ob vsem zaru in predanosti, ki ju je vlozil v predavanja in vaje, nismo pokazali zadostnega
znanja. Do nas se nikoli ni obnasal le kot profesor, prej kot blag, a strog in pravicen oce. Ko je neke
mrzle zime odpovedalo centralno ogrevanje in se je mikroskopirnica spreminjala v ledenico, vaj seveda
ni odpovedal, poskrbel pa je, da so nam postregli s ¢ajem.

Kljub ¢edalje hujSim zdravstvenim teZavam zaradi zahrbtne bolezni se je Se do pred nekaj leti
ukvarjal z znanstvenim delom na podrocju svoje priljubljene vede - geologije mineralnih nahajalis¢.

Bolezen je napredovala, izgubil je tudi zivljenjsko druzico, gospo Majdo. Obolél za pljuc¢nico, je 30.
oktobra 2015 za vedno zaprl svoje trudne oc¢i. Koncalo se je bogato zivljenje vélikega ¢loveka.

Profesor Drovenik bo vedno ostal prisoten v spominu vseh, ki nas je uéil, njegovo bogato znanje pa
je naslo pot tudi do novih generacij. Za seboj je zapustil sled, ki je ¢as ne more izbrisati. Njegovo delo
bo ostalo prica vélikega raziskovalca.

Nina Zupancic
Simon Pirc
Mirka Trajanova
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Navodila avtorjem

GEOLOGIJA objavlja znanstvene in strokovne ¢lanke s
podroc¢ja geologije in sorodnih ved. Revija od leta 2000
izhaja dvakrat letno. Clanke recenzirajo domaci in
tuji strokovnjaki z obravnavanega podroé¢ja. Ob oddaji
¢lankov avtorji predlagajo tri recenzente, vendar pa si
uredni$tvo pridrzuje pravico do izbire recenzentov po
lastni presoji. Avtorji morajo ¢lanek popraviti v skladu
z recenzentskimi pripombami ali utemeljiti zakaj se z
njimi ne strinjajo.

Avtorstvo: Za izvirnost podatkov, predvsem pa mnenyj, idej,
sklepov in citirano literaturo so odgovorni avtorji. Z objavo
v GEOLOGIJI se tudi obvezejo, da ne bodo drugje objavili
prispevka z isto vsebino.

Jezik: Clanki naj bodo napisani v angleskem, izjemoma v
slovenskem jeziku, vsi pa morajo imeti slovenski in angleski
izvlecek. Za prevod poskrbijo avtorji prispevkov sami.

Vrste prispevkov:

Izvirni znanstveni clanek

Izvirni znanstveni ¢lanek je prva objava originalnih
raziskovalnih rezultatov v taksni obliki, da se raziskava lahko
ponovi, ugotovitve pa preverijo. Praviloma je organiziran
po shemi IMRAD (Introduction, Methods, Results, And
Discussion).

Pregledni znanstveni ¢lanek

Pregledni znanstveni ¢lanek je pregled najnovejsih del
o dolotenem predmetnem podroc¢ju, del posameznega
raziskovalca ali skupine raziskovalcev z namenom
povzemati, analizirati, evalvirati ali sintetizirati informacije,
ki so ze bile publicirane. Prinasa nove sinteze, ki vkljucujejo
tudi rezultate lastnega raziskovanja avtorja.

Strokovni ¢lanek
Strokovni ¢lanek je predstavitev ze znanega, s poudarkom na
uporabnosti rezultatov izvirnih raziskav in Sirjenju znanja.

Diskusija in polemika
Prispevek, v katerem avtor ocenjuje ali dokazuje pravilnost
nekega dela, objavljenega v Geologiji, ali z avtorjem
strokovno polemizira.

Recenzija, prikaz knjige
Prispevek, v katerem avtor predstavlja vsebino nove knjige.

Oblika prispevka: Besedilo pripravite v urejevalniku Micro-
soft Word. Prispevki naj praviloma ne bodo daljsi od 20
strani formata A4, v kar so vstete tudi slike, tabele in table.
Le v izjemnih primerih je mozno, ob predhodnem dogovoru
z uredniStvom, tiskati tudi daljse prispevke.

Clanek oddajte urednistvu vkljuéno z vsemi slikami, tabelami
in tablami v elektronski obliki po naslednjem sistemu:

- Naslov ¢lanka (do 12 besed)

- Avtorji (ime in priimek, naslov, e-mail naslov)

- Kljucéne besede (do 7 besed)

- Izvlecek (do 300 besed)

- Besedilo

- Literatura

- Podnaslovi k slikam in tabelam

- Tabele, Slike, Table

Citiranje: V literaturi naj avtorji prispevkov praviloma
upostevajo le tiskane vire. Porocila in rokopise naj navajajo
le vizjemnih primerih, z navedbo kje so shranjeni. V seznamu
literature naj bodo navedena samo v ¢lanku omenjena dela.
Citirana dela, ki imajo DOI identifikator, morajo imeti ta
identifikator izpisan na koncu citata. Za citiranje revije
uporabljamo standardno okrajSavo naslova revije. Med
besedilom prispevka citirajte samo avtorjev priimek, v
oklepaju pa navajajte letnico izida navedenega dela in po
potrebi tudi stran. Ce navajate delo dveh avtorjev, izpisite
med tekstom prispevka oba priimka (npr. PLENICAR & BUSER,
1967), pri treh ali ve¢ avtorjih pa napiSite samo prvo ime in
dodajte et al. z letnico (npr. Mrakar et al., 1992). Citiranje
virov z medmrezja v primeru, kjer avtor ni poznan, zapisemo
(InTERNET 1). V seznamu literaturo navajajte po abecednem
redu avtorjev.

Imena fosilov (rod in vrsta) naj bodo napisana posevno,
imena visjih taksonomskih enot (druzina, razred, itn.) pa
normalno. Imena avtorjev taksonov naj bodo prav tako
napisana normalno, npr. Clypeaster pyramidalis Michelin,
Galeanella tollmanni (Kristan), Echinoidea.

Primeri citiranja ¢lanka:

Maui, N., Ureanc, J. & Lris, A. 2007: Tracing of water
movement through the unsaturated zone of a coarse gravel
aquifer by means of dye and deuterated water. Environ.
geol., 51/8: 1401-1412, do0i:10.1007/s00254-006-0437-4.

PrLENICAR, M. 1993: Apricardia pachiniana Sirna from lower
part of Liburnian beds at Divaca (Triest-Komen Plateau).
Geologija, 35: 65-68.

Primer citirane knjige:

FrLuGeL, E. 2004: Mikrofacies of Carbonate Rocks. Springer
Verlag, Berlin: 976 p.

JURKOVEEK, B., ToMaN, M., OGoreLEC, B., SriBaR, L., DROBNE,
K., PoLiak, M. & SriBar, L1. 1996: Formacijska geoloska
karta juznega dela Trzasko-komenske planote — Kredne
in paleogenske kamnine 1: 50.000 = Geological map of the
southern part of the Trieste-Komen plateau — Cretaceous
and Paleogene carbonate rocks. Geoloski zavod Slovenije,
Ljubljana: 143 p., incl. Pls. 23, 1 geol. map.

Primer citiranja poglavja iz knjige:
TurNSEK, D. & DroBnNE, K. 1998: Paleocene corals from the
northern Adriatic platform. In: HoTTINGER, L. & DROBNE,

K. (eds.): Paleogene Shallow Benthos of the Tethys. Dela
SAZU, IV. Razreda, 34/2: 129-154, incl. 10 Pls.

Primer citiranja virov z medmrezja:

Ce sta znana avtor in naslov citirane enote zapisemo:

CarmaN, M. 2009: Priporoé¢ila lastnikom objektov, zgrajenih
na nestabilnih obmo¢jih. Internet: http://www.geo-zs.
si/UserFiles/1/File/Nasveti_lastnikom_objektov_na_
nestabilnih_tleh.pdf (17. 1. 2010)

Ce avtor ni poznan zapisemo tako:
INTERNET: http://www.geo-zs.si/ (22. 10. 2009)

Ce se navaja ve¢ enot z medmreZja, jim dodamo Ze stevilko
INTERNET 1: http://www.geo-zs.si/ (15. 11. 2000)
INTERNET 2: http://www.geo-zs.si/ (10. 12. 2009)

Slike, tabele in table: Slike (ilustracije in fotografije), tabele in
table morajo biti zaporedno osteviléene in oznacene kot sl. 1,
sl. 2itn., oddane v formatu TIFF, JPG ali EPS z lo¢ljivostjo 300
dpi. Le izjemoma je mozno objaviti tudi barvne slike, vendar
samo po predhodnem dogovoru z urednistvom. Obvezno je
treba upostevati zrcalo revije 172 x 235 mm. Vecjih formatov
od omenjenega zrcala GEOLOGIJE ne tiskamo na zgib, je
pa mozno, da vecje oziroma daljSe slike natisnemo na dveh
straneh (skupaj na levi in desni strani) z vmesnim »rezom«. V
besedilu prispevka morate omeniti vsako sliko po stevilénem
vrstnem redu. Dovoljenja za objavo slikovnega gradiva iz
drugih revij publikacij in knjig, si pridobijo avtorji sami.
Table pripravite v formatu zrcala naSe revije.

Ce je ¢lanek napisan v slovenskem jeziku mora imeti celotno
besedilo, ki je na slikah in tabelah tudi v angleskem jeziku.
Podnaslovi naj bodo ¢im krajsi.

Korekture: Te opravijo avtorji ¢lankov, ki pa lahko popravijo
samo tiskarske napake. Krajsi dodatki ali spremembe pri
korekturah so mozne samo na avtorjeve stroske.

Prispevki so prosto dostopni na spletnem mestu: http://www.
geologija-revija.si/

Oddajanje prispevkov:

Avtorje prosimo, da prispevke posljejo na naslov urednistva:
GEOLOGIJA

Geolosgki zavod Slovenije

Dimiceva ulica 14, 1000 Ljubljana
bernarda.bole@geo-zs.si ali urednik@geologija-revija.si

Urednistvo Geologije
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Instructions for authors

Scope of the journal: GEOLOGIJA publishes scientific
papers which contribute to understanding of the geology of
Slovenia or to general understanding of all fields of geology.
Some shorter contributions on technical or conceptual issues
are also welcome. Occasionally, a collection of symposia
papers is also published.

All submitted manuscripts are peer-reviewed by at least two
specialists. When submitting their paper, authors should
recommend at least three reviewers. Note that the editorial
office retains the sole right to decide whether or not the
suggested reviewers are used. Authors should correct their
papers according to the instructions given by the reviewers.
Should you disagree with any part of the reviews, please explain
why. Revised manuscript will be reconsidered for publication.

Author’s declaration: Submission of a paper for publication
in Geologija implies that the work described has not been
published previously, that it is not under consideration for
publication elsewhere and that, if accepted, it will not be
published elsewhere.

Language: Papers should be written in English or Slovene,
and should have both English and Slovene abstracts.

Types of papers:

Original scientific paper

In an original scientific paper, original research results
are published for the first time and in such a form that the
research can be repeated and the results checked. It should
be organised according to the IMRAD scheme (Introduction,
Methods, Results, And Discussion).

Review scientific paper

In a review scientific paper the newest published works on
specific research field or works of a single researcher or a
group of researchers are presented in order to summarise,
analyse, evaluate or synthesise previously published
information. However, it should contain new information
and/or new interpretations.

Professional paper

Technical papers give information on research results
that have already been published and emphasise their
applicability.

Discussion paper
A discussion gives an evaluation of another paper, or parts of
it, published in GEOLOGIJA or discusses its ideas.

Book review
This is a contribution that presents a content of a new book
in the field of geology.

Style guide:

Submitted manuscripts should not exceed 20 pages of A4

format (12 pt typeface, 1 line-spacing, left justification)

including figures, tables and plates. Only exceptionally and

in agreement with the editorial board longer contributions

can also be accepted.

Manuscripts submitted to the editorial office should include

figures, tables and plates in electronic format organized

according to the following scheme:

- Title (maximum 12 words)

- Authors (full name and family name, postal address and
e-mail address)

- Key words (maximum 7 words)

- Abstract (maximum 300 words)

- Text

- References

- Figure and Table Captions

- Tables, Figures, Plates

References: References should be cited in the text as follows:
(FLUGEL, 2004) for a single author, (PLENICAR & BUSER, 1967)
for two authors and (MrakAR et al., 1992) for multiple authors.
Pages and figures should be cited as follows: (PLENICAR,
1993, p. 67) and (PLENICAR, 1993, fig. 1). Anonymous internet
resources should be cited as (INTERNET 1). Only published
references should be cited. Manuscripts should be cited
only in some special cases in which it also has to be stated
where they are kept. Cited reference list should include

only publications that are mentioned in the paper. Authors
should be listed alphabetically. Journal titles should be given
in standard abbreviated form. A doi identifier, if there is any,
should be placed at the end as shown in the first case.
Taxonomic names should be in italics, while names of the
authors of taxonomic names should be in normal, such as
Clypeaster pyramidalis Michelin, Galeanella tollmanni
(Kristan), Echinoidea.

Articles should be listed as follows:

Mari, N., Ureanc, J. & Lris, A. 2007: Tracing of water
movement through the unsaturated zone of a coarse gravel
aquifer by means of dye and deuterated water. Environ.
geol., 51/8: 1401-1412, doi:10.1007/s00254-006-0437-4.

PLENICAR, M. 1993: Apricardia pachiniana Sirna from lower
part of Liburnian beds at Divaca (Triest-Komen Plateau).
Geologija, 35: 65-68.

Books should be listed as follows:

FrLuceL, E. 2004: Mikrofacies of Carbonate Rocks. Springer
Verlag, Berlin: 976 p. 5

JURKOVSEK, B., TomaN, M., OGORELEC, B., SRIBAR, L., DROBNE,
K., PoLjak, M. & SriBar, Li. 1996: Formacijska geoloska
karta juznega dela Trzasko-komenske planote — Kredne
in paleogenske kamnine 1: 50.000 = Geological map of the
southern part of the Trieste-Komen plateau — Cretaceous
and Paleogene carbonate rocks. Geoloski zavod Slovenije,
Ljubljana: 143 p., incl. Pls. 23, 1 geol. map.

Book chapters should be listed as follows:

TurNsSEK, D. & Droeng, K. 1998: Paleocene corals from the
northern Adriatic platform. In: HOTTINGER, L. & DROBNE,
K. (eds.): Paleogene Shallow Benthos of the Tethys. Dela
SAZU, IV. Razreda, 34/2: 129-154, incl. 10 Pls.

Internet resources should be listed as follows:

Known author and title:

CarmaN, M. 2009: Priporocila lastnikom objektov, zgrajenih
na nestabilnih obmoc¢jih. Internet: http://www.geo-zs.
si/UserFiles/1/File/Nasveti_lastnikom_objektov_na_
nestabilnih_tleh.pdf (17. 1. 2010)

Unknown authors and title:

INTERNET: http://www.geo-zs.si/ (22.10.2009)

When more than one unit from the internet are cited they
should be numbered:

INTERNET 1: http://www.geo-zs.si/ (15.11. 2000)

INTERNET 2: http://www.geo-zs.si/ (10.12. 2009)

Figures, tables and plates: Figures (illustrations and
photographs), tables and plates should be numbered
consequently and marked as Fig. 1, Fig. 2 etc., and saved as
TIFF,JPG or EPSfiles and submitted at 300 dpi. Colour pictures
will be published only on the basis of previous agreement with
the editorial office. The maximum size of full-page illustrations
and tables is 172 x 235 mm. Larger formats can only be printed
as a double-sided illustration (left and right) with a cut in the
middle. All figures should be referred to in the text and should
normally be numbered in the sequence in which they are cited.
The approval for using illustrations previously published in
other journals or books should be obtained by each author.
When a paper is written in Slovene it has to have the entire
text which accompanies illustrations and tables written both
in Slovene and English. Figure and table captions should be
kept as short as possible.

Proofs: One set of page proofs (as pdf files) will be sent by
e-mail to the corresponding author. Corrections are made by
the authors. They should correct only typographical errors.
Short additions and changes are possible but should be paid
by the authors.

Geologijais an open access journal, all pdfs can be downloaded
from the website: http://www.geologija-revija.si/en/

Submission: Authors should submit their papers to the
address of the editorial office:

GEOLOGIJA

Geological Survey of Slovenia

Dimiceva ulica 14, 1000 Ljubljana, Slovenia
bernarda.bole@geo-zs.si or urednik@geologija-revija.si

The Editorial Office



GEOLOGIJA

$t.: 58/2, 2015
www.geologija-revija.si

109

111

121

139
155

175

183
[°5)
201

213
221
233

247

0

GeoZS

Bavec, M.
Uvodnik

Bavec, S.
Geochemical investigations of potentially toxic trace elements in urban sediments of Idrija

Gale, L.
Microfacies characteristics of the Lower Jurassic lithiotid limestone from northern Adriatic
Carbonate Platform (central Slovenia)

Sram, D., Rman, N., Riznar, |. & Lapanje, A.
The three-dimensional regional geological model of the Mura-Zala Basin, northeastern Slovenia

Kolar-Jurkovsek, T. & Jurkovsek, B.
Conodont zonation of Lower Triassic strata in Slovenia

Koren, K., Brenci¢, M. & Lapanje, A.
Hidrogeologija na prehodnem obmocju med Prekmurskim poljem in Gori¢kim (SV Slovenija)

Mali, N. & Korosa, A.
Assessment of nitrate transport in the unsaturated (coarse gravel) zone by means of tracing
experiment (Selniska dobrava, Slovenia)

Kriznar, M.
Nov primerek ribe Protriacanthus gortanii D'Erasmo, 1946 (Protriacanthidae,
Tetraodontiformes) iz zgornjekrednih plasti pri Komnu (Slovenija)

Gaspari¢, R. & Halasov4, E.
Nove najdbe rakovice Styrioplax exiguus Glaessner, 1928 (Decapoda, Brachyura) v miocenskih
plasteh okolice Maribora

Raslan, M.F.
Occurrence of Samarskite-Y in the Mineralized Umm Lassifa Pegmatite, Central Eastern Desert, Egypt

Mikuz, V. & Kriznar, M.
Sarmatijski mehkuZci iz najdis¢a Osek-1 v Slovenskih goricah

Vreca, P., Krajcar Broni¢, I. & Leis, A.
Isotopic composition of precipitation at the station Portoroz, Slovenia — period 2007-2010

Potoc¢nik, M., Klemenc, B., Solina, F. & Herlec, U.
Computer aided method for colour calibration and analysis of digital rock photographs

ISSN 0016-7789

Geoloski zavod Slovenije
Geological Survey of Slovenia

WWW.geO-ZS_Si 91770016"778002



