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Foreword

The University of Ljubljana is slowly but surely approach-
ing a respectable jubilee - a hundred anniversary of its
founding. The Department of Geology, which has been ac-
tive since 1919 when the teaching of geological subjects
began at the newly founded university, is also approach-
ing the same honorable anniversary. Our department has
witnessed many years of scientific, professional and peda-
gogical challenges. Today the department counts around
170 students and 27 pedagogic and other workers. All this
would not be possible without those who were here before
us, our professors and mentors who helped us pioneer in
science and pedagogy. With their work, our professors
have made an important contribution to the development
of geological science in Slovenia and paved the way for
present generation of Slovene geologists.

With the issue of RMZ - Materials and Geoenvironment
Journal that is before you, the members of the Department
of Geology pay respect to our professors during the week
of the University of Ljubljana. Before us is an issue that is
a modest tribute to the teaching and scientific contribu-
tion of Prof. Dr. Valerija Osterc, Prof. Dr. Mario Plenicar,
Prof. Dr. Vida Pohar and Prof. Dr. Jernej Pavsic. These peo-
ple we celebrate worked in very broad fields of geological
science, from mineralogy, petrology, stratigraphy, regional
geology, paleontology to Quaternary geology. This makes
this issue interesting and diverse, as are the results of their
work.

On behalf of the department, I would like to thank all con-
tributors who kindly responded and thus honored an im-
portant anniversary of their teachers and mentors. Thanks
also go to the journal’s editor who invested a great deal
of energy and time into its preparation. Last but not least,
thanks go to the editorial board of RMZ - Materials and
Geoenvironment Journal that listed the issue dedicated to
our professors into their program. With this gesture they
expressed not only respect for our professors and their
work, but have also contributed to the reach scientific pro-
duction of the department and Slovenian geological pro-
fession as a whole.

Assoc. Prof. Dr. Mihael Brenci¢
Head of the Department of Geology

Predgovor

Univerza v Ljubljani se pocasi, a zanesljivo priblizuje casti-
tljivemu jubileju - stoti obletnici ustanovitve. Tej ¢astitljivi
obletnici se z enakimi koraki priblizuje tudi Oddelek za
geologijo, ki deluje v razli¢nih organizacijskih oblikah ze
od leta 1919, ko se je na novo ustanovljeni univerzi zacelo
poucevanje geoloskih predmetov. Za nasim oddelkom so
dolga leta razli¢nih znanstvenih, strokovnih in ne nazadnje
pedagoskih izzivov. Danes na oddelku $tudira nekaj vec kot
170 Studentov, za katere skrbi 27 pedagogov in drugih so-
delavcev. A vsega tega ne bi bilo, ¢e nam poti ne bi utirali
nasi prednamci, nasi profesorji in mentorji, ki so nam po-
magali zaorati znanstveno in pedagosko ledino. Nasi pro-
fesorji so s svojim delom pomembno prispevali k razvoju
in napredku slovenske geoloske znanosti in Sole ter utrli
pot sedanjim aktivnim generacijam slovenskih geologov.

S Stevilko revije RMZ - Materiali in geokolje, ki je pred
vami, se ¢lani Oddelka za geologijo v tednu Univerze v
Ljubljani poklanjamo castitljivim jubilejem na$ih profe-
sorjev. Pred nami je zbornik, ki je skromen poklon uci-
teljskemu in znanstvenemu prispevku prof. dr. Valerije
Osterc, prof. dr. Maria Plenicarja, prof dr. Vide Pohar in
prof. dr. Jerneja Pavsica. Slavljenci so v ¢asu svojega dela na
oddelku delovali na zelo Sirokih podroc¢jih geoloske zna-
nosti: od mineralogije, petrologije, stratigrafije, regional-
ne geologije, paleontologije pa vse do geologije kvartarja.
Zaradi tega je zanimiv in pester tudi zbornik, kot so pestri
rezultati njihovega dela.

V imenu oddelka se Zelim zahvaliti tudi vsem avtorjem
prispevkovy, ki so se prijazno odzvali in s tem pocastili po-
membno obletnico svojih uciteljev in mentorjev. Prav tako
velja zahvala uredniku zbornika, ki je v njegovo pripravo
vlozili nemalo energije in ¢asa. Ne nazadnje velja zahva-
la tudi urednistvu revije RMZ - Materiali in geokolje, ki je
zbornik, posvecen nasim jubilantom, uvrstilo v svoj pro-
gram. S tem so vsi skupaj izrazili ne le spostovanje do ju-
bilantov in njihovega dela, temvec so s svojimi prispevki
prispevali k bogati znanstveni produkciji oddelka in slo-

venske geoloske stroke v celoti.

[zr. prof. dr. Mihael Brencic¢
predstojnik Oddelka za geologijo



Biography

Ob 90-letnici prof. dr. Valerije Osterc

Nina Zupancic

Prof. dr. Valerija Osterc, univ. dipl. inZ. geol., se
je rodila 10. maja 1924 v Zlebi¢u pri Ribnici. V
Ljubljani je najprej obiskovala niZjo gimnazijo
in kasneje drzavno uciteljiSce. Na ljubljanski
univerzi se je leta 1947 vpisala na mineralosko-
-petrografsko smer GeoloSkega oddelka Filo-
zofske fakultete. Ze kot $tudentka je sodelovala
pri pedagoskem delu, po diplomi leta 1954 pa
je bila imenovana za redno asistentko. Zaradi
politi¢nih razmer je izgubila sluZbo na ljubljan-
ski univerzi in se 1958 zaposlila na Geoloskem
zavodu, Kjer je vodila kartiranje Pomurja in Slo-
venskih goric. Na Zavodu za avtomatizacijo je
1960 zacela raziskovati elektrotehni¢no kera-
miko.

V Zelji po Sirjenju znanja in spoznavanju novih
tehnologij s podrocja nekovin se je leta 1963
vpisala na Rensko-westfalsko tehnisko visoko
Solo v Aachnu, kjer je kljub zelo tezkim Zivljen;j-
skim razmeram uspesno Studirala. Doktorsko
nalogo, v kateri se je posvetila preucevanju
reakcij med cirkonom in aluminotermic¢nimi
zlindrami, je koncala leta 1967 z odli¢no oceno
in zanjo dobila Borchersovo plaketo. Po vrnitvi
v domovino je na Zavodu za avtomatizacijo in
Zavodu za raziskavo materiala in konstrukcij
nadaljevala raziskave elektrotehni¢ne in grad-
bene keramike.

Leta 1970 se je s habilitacijo v naziv docent-
ke vrnila na ljubljansko univerzo. Znanje, pri-
dobljeno v tujini in praksi, ji je omogocilo, da
je na Odseku za geologijo odprla popolnoma
nova podroc¢ja uporabne geologije. Uvedla je
predmete Tehni¢na mineralogija, Preiskovalne
metode v mineralogiji in Preiskava nekovin-
skih mineralov. Zasnovala in vodila je prenovo
prostorov, uredila laboratorij za mikroskopijo
in bila zasluZna za nakup rentgenskega difrak-
tometra. Seminar o rentgenskem preiskovanju
kristalnih snovi, ki ga je izvedla leta 1977, je
obiskalo vec kot 30 podiplomskih Studentov iz

vse Slovenije. Zavedala se je pomena pretoka
znanja iz tujine v domovino in organizirala iz-
menjavo slovenskih studentov geologije s Stu-
denti beloruske univerze v Minsku. Leta 1977
je postala izredna in 1984 redna profesorica.
Leta 1982 je prevzela predavanja Kristalogra-
fije, Mineralogije in Petrologije. Prof. Osterceva
je bila mentorica 21 diplomantom, Stirim magi-
strantom in enemu doktorandu.

Med letoma 1979 in 1981 je bila predstojnica
Odseka za geologijo in od 1982 do 1986 dele-
gatka v skupscini SR Slovenije. Leta 1988 se je
upokoijila.

Strokovno in znanstveno delo prof. Valerije
Osterc je izredno Siroko. Raziskovala je gline,
boksite, manganove minerale, nekovinske iz-
delke, sekundarne surovine, mikrostrukture ter
arheolosko keramiko. Svoje dosezke je predsta-
vila na ve¢ domacih in mednarodnih srecanjih,
v 17 znanstvenih in strokovnih sestavkih ter
Stevilnih porocilih. Za Rudarsko-geolosko-me-
talurski zbornik je prispevala vec¢ kot 80 ocen
novih inozemskih knjig. V revijo Proteus je re-
dno pisala ¢lanke s podroc¢ja mineralogije ter
o geoloskih zanimivostih predavala na Radiu
Ljubljana.

Znanje, ki smo ga Studentje pridobili pri pre-
davanjih profesorice Osterceve je bilo trden
temelj za nadaljnje delo. Ceprav so bile nekate-
re teme precej zahtevne, jih je s svojim peda-
goskim prijemom znala priblizati slusateljem.
Njena predavanja so bila sistemati¢na, jasna
in razumljiva. Ni se zadovoljila z nizanjem dej-
stev, temveC nam je znala pokazati, kako znanje
povezovati ter ga uporabiti v praksi. Zagotovo
nam je vsem ostala v spominu tudi njena skrb
za pravilno izrazanje in lep slovenski jezik. Ob
visokem jubileju se prof. Ostercevi njeni Stu-
dentje ter Oddelek za geologijo zahvaljujemo
za vse njeno delo ter ji iskreno cestitamo!
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Merilni nadzor lebdecih plavin v reki Dravi
Monitoring of suspended load in the Drava river
Bojana Dolinar

Univerza v Mariboru, Fakulteta za gradbenistvo, Smetanova ul. 17, 2000 Maribor, Slovenija
Vodilni avtor. E-mail: bojana.dolinar@um.si

Izvlecek

V prispevku so prikazani rezultati merilnega nadzora
lebdecih plavin v reki Dravi, ki ga je izvajala Fakulteta
za gradbeni$tvo Univerze v Mariboru v okviru razli¢nih
projektov med letoma 2005 in 2013. Lebdece plavine v
vodotokih so delci, ki zaradi turbulence lebdijo v vodi.
Pri zmanjSani hitrosti vode se del teh delcev posede
na dno struge oziroma, v primeru reke Drave, akumu-
lacijskih jezer pred hidroelektrarnami, kar je velika
tezava. Za napovedovanje koli¢ine teh usedlin, njihovo
odstranjevanje in nadaljnjo uporabo je treba poznati
koncentracije lebdecih delcev v vodi, njihovo zrnavost-
no sestavo in vrsto. V prispevku so prikazani rezultati
meritev navedenih parametrov na obmocju reke Drave
med Labodom in Mariborom.

Klju¢ne besede: recni sedimenti, lebdece plavi-
ne, vsebnost suspendiranih snovi, zrnavost, mikro-
organizmi

Abstract

This paper presents the results of suspended load mo-
nitoring in the Drava River performed by the Faculty
of Civil Engineering, University of Maribor. Monitoring
was held in the framework of various projects between
2005 and 2013. Suspended load in streams represent
particles which floating in the water due to turbulence.
In the case of a lower velocity of the water a part of the-
se particles can settle to the bottom of the stream bed
or reservoirs prior to hydropower plants. In case of the
Drava River this represents a big problem. For foreca-
sting the quantities of these sediments, their removal
and subsequent use, it is necessary to know the quanti-
ties of suspended particles in the water, their grain size
distribution and type. This paper presents the results
of measurements of the mentioned parameters in the
Drava River between Labod and Maribor.

Key words: fluvial sediments, suspended load, content
of suspended solids, grain size distribution, micro-
organisms
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Uvod

Lebdece plavine v vodotokih so delci, ki zara-
di turbulence lebdijo v vodi, njihova hitrost
premeScanja pa je veCinoma enaka hitrosti
vodnega toka. Pri manjsih hitrosti vode se del
suspendiranih delcev posede na dno™. Lebde-
Ce plavine sestavljajo preteZno anorganski del-
ci preperine velikosti melja in gline, ki jo reke
in njihovi pritoki zaradi erozijskega delovanja
odnasajo in premescajo, ter organske snovi, kot
so organski drobir, fitoplankton, zooplankton,
bakterije in glive ter snovi, ki jih vnasa ¢lovek s
svojim delovanjem. Poleg tega se v vodah naha-
jajo tudi neusedljive snovi, kot so raztopljene,
koloidne in plavajoce snovi.

Koncentracije lebdecih anorganskih delcev se
v vodah neprestano spreminjajo predvsem v
odvisnosti od razpoloZljivosti erodiranih mate-
rialov, koli¢ine padavin in pretokov vode. Delez
organskih snovi je odvisen predvsem od fizikal-
no-kemicnih lastnosti vode. Spremljanje koli-
Cin, vrstin velikosti lebdecih delcev je klju¢nega
pomena za ugotavljanje korelacij med pretoki
oziroma hitrostjo vode in koli¢inami lebdecega
materiala, za modeliranje gibanja teh snovi v
strugah vodotokov ter dolocitev mehanizmov
njihovega usedanja in dviganja.

Ceprav obstajajo Stevilne metode, ki omogocajo
neposredno ali posredno merjenje koncentracij
lebdecih plavin, pa ostaja to Se vedno zelo kom-
pleksen problem. Razlog je, da se koncentracije
hitro spreminjajo tako v precnih prerezih kot glo-
binah vodotokov, kar pomeni, da je treba za opti-
malen zajem podatkov uporabiti metode, ki v pri-
mernih ¢asovnih intervalih merijo te parametre v
ustreznih rastrih preko prec¢nih prerezov strug.
Pri neposrednih (direktnih) metodah dolo-
Cevanja koncentracij suspendiranih delcev se
odvzemajo vzorci vode, ki se kasneje analizi-
rajo v laboratoriju. Odvzem vzorcev je lahko
rocen, pri ¢emer se steklena merilna posoda
potopi v vodo, ali samodejni, kjer se posoda
med poplavnim valom napolni sama. Lahko
se vzorcuje tudi avtomatsko s ¢rpanjem vode.
V vseh teh primerih obstaja velika nevarnost,
da zajemi vzorcev niso izokineti¢ni. Da bi se
izognili temu, se priporoca uporaba hidrodina-
micno oblikovanih vzorcevalnikov z nastavki
ustreznih oblik. Direktne metode so preverjene

RMZ - M&G | 2014 | Vol.61 | pp. 79-86

in omogocajo dolocitev tako koncentracij kot
zrnavosti in sestave lebdecih delcev, prav tako
pa tudi drugih kemic¢nih in bioloskih parame-
trov vode. Mnogokrat se te metode uporabljajo
za umerjanje in kontrolo rezultatov preiskav,
pridobljenih s posrednimi metodami. Najvecja
pomanjkljivost neposrednih metod je, da rezul-
tati zaradi potrebnih laboratorijskih analiz niso
znani takoj, obstaja pa tudi velika moZnost ne-
izokineti¢nega vzorcevanja®.

Pri posrednih metodah se koncentracije in zr-
navostna sestava suspendiranih delcev dolo-
¢ajo posredno z uporabo merilnikov, ki odda-
jajo in sprejemajo mehansko valovanje (zvok,
ultrazvok) ali elektromagnetno valovanje (in-
frardeca svetloba, vidna svetloba, laserska sve-
tloba, rentgenski Zarki, gama Zarki). Ker ima
vsaka od teh metod tako prednosti kot slabosti
glede zahtevnosti uporabe in porabe Casa ter
natancnosti rezultatov, je za optimalen zajem
terenskih podatkov priporocljivo metode kom-
binirati.

Merilni nadzor lebdecih plavin se Ze vrsto let
izvaja zvezno ali ob¢asno v Stevilnih slovenskih
vodotokih tako od Agencije Republike Sloveni-
je za okolje kot v okviru razli¢nih projektov in
Studij. Med slednjimi so v prispevku omenjene
tiste, pri katerih smo sodelovali ¢lani Fakultete
za gradbenistvo Univerze v Mariboru in se na-
nasajo na podatke reke Drave med Labodom
in Mariborom. Prikazani rezultati raziskav
lebdecih plavin so bili pridobljeni med letoma
2005 in 2013 v okviru projektov Dra-Mur-Ci,
Cross-borde Initiative for the River Drava and
Mura, WP 3.1: Monitoring of suspended load
and bedload®, Knet WRM - Area 4, Project 4.3:
Wasser im Kraftwerks- und Tunnelbau., Opti-
mierung der Kraftwerksnutzung im Hochgebir-
ge (2009)™, Knet water -WP 4.4.2, Ned note 4:
Water Storage Business and Environmental Im-
pact of Kozjak Reservoir®! in $tudij Model ob-
vladovanja sedimentov v akumulacijah HE na
reki Dravi za ravnanje s sedimenti v akumula-
ciji CHE Kozjak!® ter Sedimenti v akumulaciji
CHE Kozjak.. V okviru omenjenih projektov in
Studij so bili merjeni pretoki reke Drave na me-
stih vzorcevanj, dolocCene so bile koncentracije
lebdecih in usedljivih delcev, njihova zrnavost
ter mineralna in kemicna sestava, isto¢asno pa
tudi fizikalni in mikrobiolo$ki parametri vode.

Dolinar, B.



Terenske raziskave

Raziskave lebdecih plavin v reki Dravi so po-
tekale ob hidroelektrarnah Dravograd in Ma-
riborski otok na mestih opti¢nih merilnikov
motnosti vode, v profilu preko Drave ob Stur-
movem grabnu (6 merilnih tock) ter ob Studen-
Skem mostu v Mariboru na sredini reke. Za po-
trebe kontrole rezultatov raziskav so bili vzorci
odvzeti tudi v avstrijskem Labodu na lokaciji,
Kjer ze vrsto let poteka merilni nadzor koncen-
tracij lebdecih plavin.

Vzorcevanje je potekalo z odvzemom vode v
steklenice. Istoc¢asno je bila izmerjena tempe-
ratura zraka in vode, pH vode ter zabeleZena
barva in vonj vode, vidne necistoCe (plavje),
mineralna olja in povrSinsko aktivne snovi ter
opisano biolosko stanje reke, kot na primer ob-
raslost litorala s potopljenimi makrofiti. Vzor-
ci vode so bili odvzeti na razli¢nih globinah, in
sicer v obmoc¢ju HE Dravograd in Mariborski
otok na globinah 4 m oziroma 5m, v Sturmo-
vem grabnu na povrsini ter v globinah 1 m, 2 m
in 4 m, ob Studenskem mostu pa v globini 1 m.
Z opisanih lokacij je bilo skupno odvzetih 140
vzorcev vode.

Podatke o pretokih reke Drave na lokacijah hi-
droelektrarn Dravograd in Mariborski otok ter
ob StudenSkem mostu v Mariboru so posre-
dovale Dravske elektrarne Maribor. V profilu
reke ob Sturmovem grabnu so bili pretoki mer-
jeni z akusticnim Dopplerjevim merilnikom
pretokov vrste RioGrande ZedHed 1 200 kHz
(slika 1, povzeto po®), ki omogoca merjenje
pretokov v globinah od 0,4 m do 15 m in hitro-
sti toka vode do 10 m/s. Merilnik meri hitrost
vode posredno, preko v vodi lebdecih delcev ali

Slika 1: Coln z mersko opremo in osebjem med pripravami na
meritev’®

Merilni nadzor lebdecih plavin v reki Dravi

zracnih mehurckov, pri ¢emer izkorisc¢a prin-
cip Dopplerjevega pojava, torej spremembo
med oddano in prejeto frekvenco. Predpostavi
se, da je hitrost toka vode enaka hitrosti giba-
nja suspendiranih delcev. Hkrati se izmeri tudi
globina struge kot ¢as potovanja signala do dna
struge in nazaj. Pri vseh meritvah se uporablja
frekvencno obmocje med 500 kHz in 2 000 kHz.
Meritve globin struge in hitrosti vode se izvaja-
jo socasno, tj. z enim samim preckanjem stru-
ge. Z uporabo pripadajoCe programske opreme
WinRiver in povezave med merilnikom in pre-
nosnim racunalnikom se lahko vse prenesene
podatke o izmerjenih vrednostih preverja spro-
ti in v realnem casu. Z uporabo naprave GPS so
bili profil in mesta vzorcevanja natan¢no ume-
Sceni v prostor, kar je omogocalo, da so se vzor-
ci vedno odvzemali na istih mestih.

Laboratorijske preiskave

V laboratoriju je bila pri vseh odvzetih vzorcih
vode preiskana koncentracija lebdecih in use-
dljivih snovi, pri reprezentativnih vzorcih pa
tudi njihova kemic¢na in mineralna sestava ter
zrnavost. MikrobioloSki parametri vode so bili
doloceni pri vzorcih z lokacij HE Dravograd in
HE Mariborski otok.

Vsebnost suspendiranih snovi

Vsebnost suspendiranih snovi v vodi je bila
dolo¢ena na dva nacina, in sicer v skladu s slo-
venskim standardom SIST EN 872:2005"! in s
postopkom gravitacije.

Pri prvi metodi se trdi delci v suspenziji izloci-
jo s filtriranjem skozi filtre iz steklenih vlaken.
Lahko se uporabi celoten odvzet vzorec (11) ali
njegov del, kar je odvisno od koli¢ine suspen-
diranih snovi. Rezultati, oznaceni s simbolom
p, so podani v miligramih trdnih delcev v litru
vode.

Dolocanje kolicine snovi, ki se zaradi gravitacije
posede v mirujoci vodi, je potekalo pri vzorcih,
ki so vsebovali od 101 do 201 vode. Tako veli-
ka koli¢ina vode je omogocila pridobitev bolj
to¢nih vrednosti, istoCasno pa zagotovila dovolj
materiala za nadaljnje preiskave zrnavosti ter
kemicne in mineralne sestave. Po odvzemu so
vzorci vode mirovali najmanj 5 dni. V tem ¢asu
so se na dno posode posedli vsi delci vecji od
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0,000 8 mm, ki so bili nato izlo¢eni s skrbnim
odlivanja in v kon¢ni fazi izparevanja vode.
Tako doloc¢ena koli¢ina usedlin je v tekstu ozna-
¢enakotc_, vmg/l. Cas, potreben za posedanje
delcev, je bil izbran glede na izra¢unane hitrosti
v (m/s) tonjenja le-teh s Stokesovo enacbo (1),
kjer sta y, in y, . prostorninski tezi zrn in vode,
D (m) je premer kroglastih zrn in n, viskoznost
vode pri izbrani temperaturi.

Vs Vwr

D2
18xn, *

v= (m/s) (1)

V izracunu je bila uposStevana povprecna pro-
storninska teza zrn y =27 kN/m® (glede na
gostoto in zastopanost posameznih minera-
lov v sestavi), prostorninska teza vode pri
temperaturi 20°C y,.=9,98kN/m’ in dina-
micna viskoznost vode pri enaki temperaturi
1N,, = 1,005 x 1073 Pass. Izracuni so pokazali, da
se v petih dneh v posodi z viSino 0,3 m posede-
jovsazrna 2 0,000 8 mm. Treba pa je poudariti,
da se v praksi zrna < 0,001 mm zelo tezko pose-
dejo, razen v primeru, ko nastane kosmicéenje!?..
Ceprav opisana preiskava ni standardizirana, se
je izvajala za ugotavljanje vsebnosti tistih leb-
decih plavin, ki se lahko v mirujo¢i vodi posede-
jo. Ta podatek je bil pridobljen za potrebe ocene
kolicine usedlin v akumulacijskem jezeru pred-
videne ¢rpalne hidroelektrarne Kozjak z vtoc-
nim objektom v obmo¢ju Sturmovega grabna.

Mineralna in kemicna sestava usedljivih
snovi

Mineralna sestava usedljivih delcev je bila pre-
iskana na GeoloSkem zavodu Slovenije z rent-
genskim difraktometrom z Zarkovjem CuKa
(A = 0.154 18 nm) pri napetosti 40 kV in toku
20 mA ob uporabi nikljevega filtra, proporcio-
nalnega Stevca in grafitnega monokromatorja.
Za pregledno dolocitev mineralne sestave so
bili uporabljeni celotni upraseni vzorci. Prei-
skave so potekale na izbranih vzorcih s posa-
meznih lokacij. Za pregled delcev velikosti vecji
od 20 pm je bil uporabljen opti¢ni mikroskop,
za submikroskopske delce pa vrsti¢ni elektron-
ski mikroskop z energijsko disperzijskim spek-
trom.
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Kemic¢ne analize vzorcev so bile izdelane v
referencnem laboratoriju ACME Analitical
Laboratories v Vancouvru. Za kvalitativno in
kvantitativno dolocitev glavnih elementov je
bila uporabljena metoda ICP-ES, za dolocitev
slednih elementov pa metoda ICP-MS. Rezul-
tati preiskav kemicne sestave izbranih vzorcev
suspendiranih snovi obsegajo okside najbolj
zastopanih elementov, na osnovi katerih so
bile dolocene koli¢ine posameznih mineralov v
vzorcih.

Zrnavost usedljivih snovi

Razporeditev velikosti usedljivih delcev je bila
doloc¢ena na Geoloskem zavodu Slovenije z la-
serskim analizatorjem Analysette 22 /Nano Tec
proizvajalca FRITSCH GmbH - Manufacturers of
Laboratory Instruments. Analiti¢ni inStrument
za ugotavljanje zrnavosti temelji na laserski di-
frakciji. Preiskovani delci se z uporabo disper-
zijskega sredstva transportirajo skozi merilno
celico in laserski zarek. Svetloba, ki se razprsi
proporcionalno z velikostjo delcev, se z lecami
projicira v detektor. Razporeditev velikosti zrn
se izraCuna na osnovi razporeditve razprSene
svetlobe.

Mikrobioloski parametri vode

Mikrobioloske preiskave so potekale pri vseh
vzorcih vode, odvzetih na lokacijah HE Dravo-
grad in HE Mariborski otok. Izvedel jih je In-
Stitut za uporabno ekologijo Maribor, obsegale
pa so dolocitev fitoplanktona, zooplankona,
bakterij, gliv in organskega drobirja. Za doloce-
vanje fitoplanktona, zooplanktona in organske-
ga drobirja sta bila uporabljena binokularna
mikroskopa CETI in Leica. Pri mikroskopira-
nju je bil 1 ml vzorca vode opazovan pri 100-,
400- in 1 000-kratni povecavi. Za Stetje je bila
uporabljena abundanc¢na komora proizvajalca
Paul Marienfeld GmbH & Co KG. Dolocevanje
alg in modro zelenih cepljivk je potekalo tudi
z biodetektorjem ALGAE-BART™. Za dolocCanje
skupnega Stevila bakterij so bila uporabljena
razli¢na gojisca: potopne ploscice VWR Prolabo
Total Count in tekstilne podlage RIDA®COUNT
Total, za doloCanje skupnega Stevila gliv pa po-
topne ploscice VWR Prolabo Yeast/Mold in te-
kstilne podloge RIDA®COUNT Yeast/ Mold.

Dolinar, B.



Rezultati preiskav

Rezultati preiskav kazejo, da so koncentraci-
je suspendiranih snovi v preiskanem odseku
reke Drave pri povpretnem letnem pretoku
reke Q = 297 m3/s preteZzno manjse od 10 mg/1.
Pri poveCanem pretoku ta koli¢ina eksponen-
tno narasca, kar je razvidno s slike 2. Na sliki
so prikazane vrednosti koncentracij usedljivih
snovi c¢_,/(mg/1) v odvisnosti od pretoka reke
Q/(m3/s) za posamezne lokacije vzorcevanj
vode. Prikazane soodvisnosti se lahko izrazi z
naslednjimi eksponentnimi funkcijami (1-6).
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Slika 2: Koncentracije usedljivih snovi v odvisnosti od pretoka
reke Drave na mestih vzorcevanj vode

Labod ¢, = 0,45 %0080 (1)
HE Dravograd C.q = 0,83 00050 (2)
Sturmov graben ¢, =1,09 o0 3)
HE Mariborski otok ¢, =1,94 %0 (4
Studenski most ¢, = 0,37 e%00s@ (5)
Labod-Maribor S = 10! F'=064 (6

Vsebnosti suspendiranih delcev, dolo¢enih po
metodi s filtracijo, bi morale biti primerljive
s tistimi, doloCenimi z gravitacijsko metodo,
vendar rezultati preiskav tega ne potrjujejo
(slika 3 - vzorci z lokacij HE Dravograd in HE
Mariborski otok). Razlogov za to je lahko vec.
Kot najverjetnejsi se zdi, da se pri metodi s fil-
tracijo vsebnost suspendiranih snovi doloca
v majhni koli¢ini vode (11 ali manj). Ce v tem
primeru vzorec ni odvzet izokineti¢no, se lahko
pojavijo vecji odmiki. Prav tako je problematic-
no, kadar se ta preiskava opravi na delu odvze-
tega vzorca, saj je v tem primeru zaradi hitrega
posedanja vecjih delcev zelo teZko pridobiti re-
prezentativen vzorec.

Merilni nadzor lebdecih plavin v reki Dravi
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Slika 3: Razmerje med vrednostmi koncentracij suspendiranih
delcev, dolocenih po metodi s filtracijo (p) in gravitacijski
metodi (c_,) za merilni mesti HE Dravograd in HE Mariborski
otok

sed

Slika 4 prikazuje soodvisnosti med pretoki reke
Drave (Q) in koncentracijami suspendiranih
snovi (p), doloCenimi s filtracijsko metodo na
merilnih mestih HE Dravograd in HE Maribor-
ski otok. IzraZeni sta z eksponentnima funkci-
jama (7 in 8).

70

Mariborskiotok
50 | p=2,16e0a
- Dravograd R?=0,39
= 40 - p=4,19e%032
£ R2=0,34 L
230

400
Q (m/s)
@ Dravograd @ Mar.otok

600 800 1000

Slika 4: Koncentracije suspendiranih snovi v odvisnosti
od pretoka reke Drave na lokacijah HE Dravograd in HE
Mariborski otok

HE Dravograd D = 4,19 eo00se (7)
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HE Mariborski otok p =2,16 2004¢ (8)

[z prikazanih soodvisnosti med pretoki reke
Drave in merjenimi koncentracijami suspen-
diranih delcev po filtracijski ali gravitacijski
metodi je razvidno, da vsebnost slednjih s pre-
tokom sicer narasca, vendar ta razmerja niso
jasno izraZena. To je mogoce razloziti z dej-
stvom, da je pri enaki koli¢ini padavin pretok
reke sicer enak, koli¢ina erodiranih delcev pa v
zacetku padavin precej vecja kot kasneje, ko so
povrsine ob vodotokih Ze izprane. Podani izra-
zi (1-8) se zato lahko uporabijo le za priblizno
oceno koncentracij lebdecih plavin v vodi.
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Mineralna in kemicna sestava usedljivih sno-
vi je bila dolofena na zdruZenem vzorcu z
obmo¢ja Sturmovega grabna. Rezultati rent-
genske analize so pokazali, da v vzorcu prevla-
duje muskovit/illit (41 %), pojavljajo pa se Se
Klorit (14 %), kremen (15 %), plagioklaz (8 %),
kalcit (9 %) in dolomit (13 %). Opti¢no mikro-
skopska preiskava, s katero so bili pregledani
predvsem delci > 20 um je pokazala, da pre-
vladujejo zrna muskovita, biotita, kremena in
glinencev. Med neprosojnimi minerali je bilo
mogoce prepoznati limonit (goethit) in sledove
hematita. Redkeje so se pojavljali karbonati in
Klorit. V zelo majhnih koli¢inah je bilo opaziti
zrna klinozoisita, v sledovih pa so bili Se turma-
lin, stavrolit, cirkon in rutil ter ostanki organ-
skega detritusa (slika 5).

Slika 6 prikazuje del posnetkov usedljivega ma-
teriala, preiskanega z vrsticnim elektronskim
mikroskopom. S sekundarnimi elektroni (SE),
ki dajejo sliko povrsine vzorca, in povratno si-
panimi elektroni (BSE), ki dajejo sliko relativne
kemijske sestave vzorca, so bile doloCene nasle-
dnje mineralne faze: illit, muskovit, klorit, klo-
ritiziran biotit in kalcit.

Preiskave zrnavosti usedljivih snovi so poka-
zale, da pri vzorcih z vseh odjemnih mest pre-
vladujejo zrna velikosti melja, glinaste frakcije
(zrna <2 pm) je med 5% in 21 %, medtem ko
je zrn vecjih od 63 mm od 0,3 % do 14,6 %. 1z
rezultatov je razvidno, da so razporeditve ve-
likosti delcev sicer odvisne od pretokov reke,
vendar splo$no veljavnega razmerja med tema
spremenljivkama ni mogoce opredeliti. Primer
prikazuje slika 7, na kateri so krivulje zrnavosti

Slika 5: Drobci iz suspenzije pri vzporednih nikolih: bt - biotit,
mu — muskovit, g — kremen, hb — amfibol, cc - kalcit, go -
goethit, op — neprosojni minerali, zI - zlepljeni delci/grudice
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usedljivih snovi z obmocja HE Dravograd in HE
Mariborski otok in pripadajoci pretoki vode na
omenjenih hidroelektrarnah.

Mikrobioloski parametri vode so bili preiska-
ni pri vzorcih z obmoc¢ja HE Dravograd in HE
Mariborski otok. Ker se koli¢ine razli¢nih mi-
kroorganizmov in organskega drobirja v vodi
spreminjajo v odvisnosti od fizikalno-kemi¢nih
lastnosti vode, na katere vplivajo Stevilni dejav-
niki iz okolja, so preiskave potekale eno leto.

=
Spectrum 4

Slika 6: Vzorec, posnet s sekundarnimi (a) in povratno
sipanimi elektroni (b), ter spektri oznacenih tock; spekter 1
in 2 - muskovit, spekter 3 — mesani odboji kalcita, illita in
klorita, spekter 4 — predvidoma nekoliko kloritiziran biotit

Dolinar, B.



100
90

80 ‘//"/'
70 //0,/-
£ o A
3 so -/'// ——0=563m3/s _
% — ===Q=532m3fs
" T =—Q=411m3/s
—Q=362 m3/s

Slika 7: Razporeditev velikosti zrn usedljivih snovi zobmocja
HE Dravograd in HE Mariborski otok s pripadajocimi pretoki
reke Drave

V tem Casu je bilo odvzetih 60 vzorcev vode. Ko-
li¢ine fitoplanktona so se na obeh merilnih me-
stihgibalemed>600CFU/mlin 100000 CFU/ml
(CFU/ml = Colony Forming Units v 1 ml vode).
Gostota zooplanktona, ki se izraZa s Stevilom
osebkov v dolo¢enem volumnu vode (no./ml),
je bila med 0 no./ml in 30 no./ml, gostota bak-
terij med 100 CFU/ml in 10 000 000 CFU/ml
in gliv med 0 CFU/ml in 10 000 CFU/ml. Koli-
¢ina organskega drobirja se je spreminjala med
100 no./ml in 100 000 no./ml.

[z primerjav podatkov raziskav je razvidno, da
se povecane kolic¢ine fitoplanktona in organ-
skega drobirja skladajo s povecanimi koncen-
tracijami usedljivih snovi, kar pa ne velja za zo-
oplankton, glive in bakterije. Primer na sliki 8
je podan za merilno mesto HE Mariborski otok.

Sklepi

Prispevek prikazuje rezultate merilnega nadzo-
ra lebdecih plavin v reki Dravi med Labodom
in Mariborom. Cilj preiskav je bil ugotoviti kon-
centracijo, velikost in sestavo suspendiranih
delcev, prav tako pa tudi odvisnost teh parame-
trov od hitrosti vodnega toka.

Rezultati preiskav so pokazali, da je vsebnost
lebdecih plavin v reki Dravi pri povpretnem
letnem pretoku vode Q = 297 m?/s manjsa od
10 mg/1. Razumljivo je, da z naras¢anjem pre-
toka ta koli€ina v sploSnem narasca, vendar so
preiskave pokazale, da so te soodvisnosti na
razlicnih merilnih mestih razli¢ne in le pribli-
Zne, zato se lahko uporabljajo samo kot orien-
tacijske vrednosti. To je bilo pricakovano, saj
je pretok odvisen od koli¢ine meteornih, pre-
cejnih in ledeniskih voda, vnos suspendiranih
snovi pa od Stevilnih dejavnikov, ki vplivajo na
njihovo sproscanje in premescanje. S hitrostjo
vode se je spreminjala tudi velikost suspendira-
nih delcev. Za pretoke reke Drave do 850 m3/s
(najvecji pretok v casu vzorcevanja) je bilo ugo-
tovljeno, da prevladujejo delci velikosti melja.
Zrn manj$ih od 2 mm je bilo med 5 % in 21 %,
njihova koli¢ina pa je naraSc¢ala z narasS¢anjem
pretoka reke. Delcev vecjih od 63 mm je bilo
malo, pricakovati pa je, da se njihova koli¢ina
v Casu poplavnih voda znatno poveca. V se-
stavi usedljivih lebdecih plavin je prevladoval
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Slika 8: Prikaz vpliva fitoplanktona in organskega drobirja na koncentracijo usedljivega materiala na lokaciji Mariborski otok
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muskovit, pojavljali pa so se tudi kremen, klorit,
plagioklazi, kalcit, dolomit, limonit in v manjsih
koli¢inah hematit, amfiboli, klinozoisit, titanit,
turmalin, granat, cirkon in rutil.

Zahvala

Prispevek posvecam prof. dr. Valeriji Osterc,
moji najljubsi profesorici na dodiplomskem in
magistrskem Studiju geologije, smeri Minera-
logija, na Fakulteti za naravoslovje in tehnolo-
gijo Univerze v Ljubljani. Prof. Ostercevo sem
vedno cenila zaradi njenega izjemnega pozna-
vanja stroke in ljubezni do nje, ki jo je na njej
edinstven nacin znala prenasati tudi na svoje
Studente. Verjamem, da sem tudi sama, prav za-
radi nje, boljsa strokovnjakinja in pedagoginja,
za kar se ji iskreno zahvaljujem.
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Izvlecéek Abstract

V ¢lanku obravnavamo uporabnost lehnjaka iz reke
Krke (Hrvaska) kot paleotemperaturnega arhiva na os-
novi izotopske sestave kisika (6'®0) in razmerja Mg/Ca.
Analizirali smo masivni lehnjak z glavnih pregrad in
ga primerjali z laminirano skorjo iz hidroelektrarne
Jaruga. Masivni vzorci zaradi velike koli¢ine liticnega
karbonata (dolomita in kalcita) niso bili primerni za
paleotemperaturno analizo. Kisikov geotermometer je
precenil temperaturo obarjanja za ve¢ stopinj Celzija,
medtem ko Mg-geotermometer zaradi neznane koli¢ine
liticnega (morskega) karbonata ni bil uporaben.

Klju¢ne besede: lehnnjak, kalcit, Mg, stabilni izotopi,
geotermometer

This paper examines the applicability of tufa from the
river Krka (Croatia) as palaeotemperature archive, ba-
sed on the geochemical and isotopic records. Barrage
tufas from the main cascades were analysed for isoto-
pic (6'80) and geochemical (Mg/Ca) composition and
compared to the laminar crust from the Jaruga Power
Plant. It was shown that barrage tufa was not suitable
for palaeothermometry because of the presence of con-
siderable amounts of lithic carbonate (both dolomite
and calcite). The oxygen thermometer overestimated
the precipitation temperature by several degrees C,
while the Mg thermometer could not be used because
of unknown content of lithic (marine) carbonate detri-

tus.

Key words: tufa, calcite, Mg, stable isotope, geother-
mometer
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Uvod

Kemicni sedimenti so Ze desetletja predmet
paleoklimatoloskih raziskav, saj njihove mor-
foloske, sedimentoloske, geokemicne in izotop-
ske znacilnosti neposredno odsevajo razme-
re v okolju na mestu njihovega nastanka; v to
skupino sedimentov spadajo tudi lehnjaki-°l.
Za interpretacijo paleotemperaturnih razmer
raziskovalci najpogosteje uporabljajo kisikov
izotopski termometer, pa tudi geokemi¢ni ma-
gnezijev termometer™ 37 8, Za paleookoljske
raziskave so najbolj zanimivi laminirani karbo-
nati oz. stromatoliti, ker vsebujejo praviloma
zvezen niz od milimetrskih do centimetrskih
plasti, ki ustrezajo sezonskemu ali letnemu ci-

Klu rasti* %19, Vendar pa je treba poudariti, da

vse paleotemperaturne interpretacije temeljijo

na treh predpostavkah:

— da karbonati nastajajo v izotopskem in geo-
kemi¢nem ravnotezju z mati¢no raztopino
(recno vodo),

— da sta izotopska in hidrokemi¢na sestava vo-
dne raztopine, iz katere so nastali, znani, in

— daje izotopska frakcionacija kisika med vodo
in oborino odvisna samo od temperature.

Vse troje pa je v primeru recnih karbonatnih

tvorb prej izjema kot pravilo™!-'4, Tako na pri-

mer lehnjakotvorne reke v poletnem c¢asu lahko
presahnejo, hitrost obarjanja se sezonsko zelo
spreminja, prav tako lahko ob velikih pretokih
prihaja do mocne erozijel'*1¢, Ker pa marsikje
ni na razpolago drugih naravnih paleookoljskih
arhivov, raziskave v veliki meri temeljijo prav

na lehnjakih* 17181,

Namen raziskave je bil oceniti uporabnost kla-

si¢nega kisikovega izotopskega in geokemicne-

ga magnezijevega paleotermometra v lehnjakih
iz Nacionalnega parka Krka (Hrvaska). Rezul-
tate smo primerjali z vrednostmi, dobljenimi

v laminirani karbonatni skorji, nastali v tune-

lu pri HE Jaruga ob Skradinskem buku na pre-

hodu v estuar*. Z dolgoletnim spremljanjem

(2000-2013) smo ugotovili sezonsko in letno

spremenljivost izotopske sestave recne vode,

koncentracijo raztopljenih Kkationov (Ca%,

Mg?*) in izotopsko ter elementno (Mg/Ca) se-

stavo lehnjaka na glavnih kaskadah. Izrac¢unali

smo temperature obarjanja lehnjaka z upora-

bo standardnih paleotemperaturnih enacb z

izotopskim kisikovim in geokemi¢nim magne-

RMZ - M&G | 2014 | Vol.61 | pp.87-95

zijevim geotermometrom in jih primerjali z iz-
merjenimi temperaturami reke Krke na mestu
obarjanja.

Obmocje raziskave

Hrvaska reka Krka (slikal) je tipi¢na kra-
Ska reka, ki jo v veliki meri napaja podzemna
voda iz razprsenih virov, od katerih so le red-
ki natan¢no locirani’-?4, Povprecni letni re¢ni
pretok na prehodu v estuar je 53 m3s! (med
5m3stin 565 m3 s7!2%), Predhode raziskave so
pokazale, da je reka razen v izrednih razmerah
vse leto prenasiCena s kalcitom in da se CO, iz
nje razplinja po celotnem 50 km dolgem slad-
kovodnem toku?® 24 ter da obarjanje lehnjaka
po celotnem toku poteka v neravnoteznih raz-
merah[lz, 23, 24].

Materiali in metode

Rec¢no vodo smo vzor¢ili sezonsko v letih med
2000 in 2013. Za hidrokemicne analize smo
vzorce na terenu prefiltrirali skozi 0,45 um
membranskKi filter (Sartorius Minisart). Za ana-
lizo koncentracije kationov (Ca%*, Mg?*) smo
vodo nakisali s suprapurno dusikovo Kkislino
(Merck, 1 ml/l) in jo do analize hranili v 50 ml
HDPE plastenkah pri temperaturi 4 °C. Vodo
za analizo alkalnosti smo prefiltrirali skozi
0,20 um membranski filter in analize opravili
takoj po vzorcenju na terenu; ¢e to ni bilo mo-
goce, so bili vzorci analizirani v laboratoriju v
24 h po odvzemu. Vodo za izotopsko analizo ki-
sika in raztopljenega anorganskega ogljika smo
prefiltrirali skozi 0,20 um filter in jo hranili v do
vrha polnih ampulah s septumom brez plinskih
mehurckov ali plinske kape (Exetainer® Labco,
Velika Britanija).

Vsebnost kationov smo ugotovili z atomsko ab-
sorpcijsko spektrometrijo z aparaturo Varian
SpectrAA 110. Interference, nastale pri ioniza-
ciji, smo kompenzirali z dodatkom 2 g 1! Cs. Po-
novljivost meritve je bila boljSa od + 2 %.
Vzorci lehnjaka so bili odvzeti na glavnih pre-
gradah (Bilusi¢a buk, Manojlovac, Miljacka, Ro-
$ki slap in Skradinski buk).

Mineralno sestavo lehnjaka smo ugotovili z
rentgensko difraktometri¢no analizo (Philips

Lojen, S., Dolenec, M. Cukrov, N.
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Slika 1: Lokacije vzorcnih mest v dolini reke Krke (Hrvaska).

PW3710). Identifikacijo faz smo opravili s pro-
gramskim paketom X'Pert HighScore Plus z
bazo podatkov PAN-CSD. Negotovost meritve
mineralne sestave je bila 10-odstotna.
Celokupno alkalnost vode smo dolocili s poten-
ciometricno titracijo z 0,01 M HCl (Merck).
[zotopsko sestavo kisika smo dolo¢ili z masnim
spektrometrom za stabilne izotope z dvojnim
uvajalnim sistemom Varian MAT 250 oziroma
[soPrime (VG Instruments, Velika Britanija) po
uravnotezenju s CO, (40 °C, 3 h).

[zotopsko sestavo raztopljenega anorganskega
ogljika v vodi smo dolo¢ili s preto¢nim masnim
spektrometrom za stabilne izotope Europa
20-20 z ANCA TG preparativnim modulom za
plinaste vzorce (Europa Scientific, Velika Bri-

tanija). V ampule s septumom (Labco Exetai-
ner®) smo dozirali kapljico fosforne Kisline in
jih prepihali s helijem (6.0, Messer Slovenija).
Vzorce (3 ml) smo injicirali v prepihane am-
pule in analizirali izotopsko sestavo CO,, ki se
je sprostil iz vode.

Izotopsko sestavo C in O v karbonatu smo do-
lo¢ili z masnim spektrometrom Varian MAT v
CO,, ki je nastal z razkrojem 10 mg vzorca v
100 % H,PO, pri 25 °C 24 h.

Rezultate izotopskih analiz podajamo kot
6-vrednost, ki pomeni relativni odmik raz-
merja tezjega proti lazjemu izotopu (**C/'%C,
180/'0) vzorca glede na razmerje istih izoto-
povvstandardu in to izraZamo v promilih (%o).
Kot standard smo uporabili VSMOW za kisik v
vodi in VPDB za ogljik in kisik v karbonatu. De-
lovne standarde (voda, CO,, nasi¢ena raztopina
NaHCO,) smo kalibrirali s kalibracijskimi oz.
referen¢nimi materiali JAEA VSMOW2, GISP
in s CO,, ki je nastal pri razkroju standardov
NBS19, IAEA CO1 in IAEA CO8 v 100-odstotni
fosforni kislini pri temperaturi 25 °C 24 h.
Merilne negotovosti so bile 0,1 %o za 60
v vodi in karbonatu in 6C v karbonatu ter
0,2 %o za 6C v raztopljenem anorganskem
ogljiku. Vse vzorce smo analizirali v treh pa-
ralelkah in rezultate sprejeli kot ustrezne, ce
so bile standardne deviacije ponovitev v pred-
pisanih odmikih. Ce so bili odmiki vedji, smo
analize ponavljali, dokler niso bile deviacije v
predpisanih mejah.

Za obdelavo surovih podatkov meritev smo
uporabili programski paket LIMS for Light Sta-
ble Isotopes!?®,

Rezultati in razprava

Recna voda

Relevantni rezultati hidrokemicnih analiz vode
iz obdobja od 2000 do 2013 so zbrani v tabeli 1.
Rezultati za obdobje 2000-2007 so povzeti iz
objav predhodnih raziskav. Kot je razvidno, je
za reko znacilen velik razpon temperature vode
zlasti v poletnih mesecih, pri ¢emer je tempe-
ratura na izviru skozi vse leto med 8 °C in 9 °C
(Cukrov, neobjavljeni podatki). Neenakomer-
no spreminjanje temperature z oddaljenostjo
od izvira lahko pojasnimo s samo morfologijo
toka, saj je reka zaradi intenzivnega obarjanja

Uporaba lehnjakov v paleotermometriji: primer iz Nacionalnega parka Krka, Hrvaska
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lehnjaka na ve¢ mestih zajezena, tako da je njen
tok danes zaporedje loti¢nih in vec¢ kilometrov
dolgih lenti¢nih odsekov. Poleg tega pa med
Manojlovcem in Miljacko (slika 1) v reko prite-
ka sorazmerno velika masa podzemne vode iz
zlivnega podrocja Zrmanjel?>-?4, ki ima obc¢utno
nizjo temperaturo in druga¢no kemic¢no sesta-
vo. To potrjujeta tudi razmerje raztopljenih
kationov (Mg/Ca) v vodi in izotopska sestava
kisika, ki se zelo spremenita na istem odseku.

Ce primerjamo 6'0-vrednost in povpre¢no
temperaturo vode, potem ta na videz po toku
navzdol sicer narasc¢a s temperaturo, vendar pa
sezonske meritve kazejo, da se najnizZje 6'®0-
vrednosti pojavljajo spomladi in poleti, ko je
temperatura vode najvisja, medtem ko so bile
najnizje vrednosti izmerjene v jesenskem ob-
dobju - nasprotno od padavin, pri katerih se
najnizje 6'%0-vrednosti konsistentno pojavljajo
v obdobjih z najniZjo temperaturo in obratno!2°!,
Dejansko med 6*®0-vrednostjo in temperaturo
recne vode nismo opazili nikakr$ne korelacije.

Sorazmerno visoko razmerje med raztopljenim
Mg?* in Ca** je posledica raztapljanja karbona-
tnih vodonosnikov, ki napajajo reko: visok delez
magnezija kaze na prisotnost dolomita, vendar
pa razmerje Mg/Ca po toku navzdol pada. Naj-
veclji skok se pojavlja med Manojlovcem in Mi-
ljacko, podobno pa velja tudi za §*®0-vrednosti
vode. Na mnozinsko razmerje Mg/Ca obarjanje
lehnjaka ocitno ne vpliva, saj bi v tem primeru
po toku navzdol zaradi izloanja CaCO, moralo
narasScati zaradi prednostnega odstranjevanja
Ca* iz raztopine; ocitno ima vir vode (sesta-
va vodonosnika in zadrZevalni ¢as podzemne

vode) mnogo vecji vpliv na njeno hidrokemi¢no
sestavo kot temperatura. Na to kaze tudi dobra
korelacija med §'0- vrednostmi vode in raz-
merjem Mg/Ca (r=0,75, p < 0,001 pri n = 25).
Med razmerjem Mg/Ca v vodi in temperatu-
ro obstaja linearna korelacija (p < 0,002 pri
n = 25) le na dveh vzorc¢nih mestih - na BiluSic¢a
buku in Skradinskem bukuy, in sicer:
— Bilusi¢a buk:

Mg/Ca =(0,0107 + 0,0056) x T +

+(0,10523 + 0,00635);

r=0,55
— Skradinski buk:

Mg/Ca =(0,0053 +0,0014) x T +

+(0,09358 + 0,02379);

r=20,73,
pri Cemer je temperatura podana v stopinjah
Celzija. Na drugih tockah ni bilo opaziti nobene
zveze (|r<0,1]).
[zotopska sestava raztopljenega anorganskega
ogljika je sicer pomemben pokazatelj izvira le-
-tega (preperevanje karbonatnih kamnin vs.
talni/biogeni CO,), kar je pomemben podatek
pri paleookoljski interpretaciji lehnjakov. Ker
pa se v tej Studiji omejujemo le na paleotermo-
metrijo, je 6'*C-vrednost raztopljenega anor-
ganskega ogljika pomembna le kot vhodni pa-
rameter za napoved 6'3C lehnjakal?” 28],

Lehnjak

S predhodnimi raziskavami smo ugotovili, da
6'80-vrednost lehnjakovih pregrad ne izraza
temperature nastanka lehnjaka in to pripisali
neravnoteznemu obarjanju karbonata*?. Ke-
micna in mineralna analiza lehnjaka pa sta po-

Tabela 1: Hidrokemicna in izotopska sestava recne vode in raztopljenega anorganskega ogljika; podana so povprecja in v
oklepajih razpon vrednosti; del podatkov je povzet po referencah (Lojen in sod.'> ™I; Cukrov in sod.*4)

Lokacija T/°C 680\ 0w/ Y00 63C, 5/ Yoo Mg/Ca (at.)
Bilusica buk 11,5 82 -116 0,23
(8,0 do 15,0) (-8,5 do-7,7) (-13,5 do -9,1) (0,19 do 0,28)
Manoilovac 12,5 -8,0 11,5 0,21
J (8,6 do 18) (-8,2 do-7,7) (-13,5 do -9,3) (0,19 do 0,22)
. 12,0 7,7 -11,8 0,15
HE Miljacka (8,8 do 14,5) (-8,0 do -7,0) (-14,0 do -9,5) (0,11 do 0,20)
Rogki sla 14,5 7,8 10,9 0,18
P (8,4 do 19,5) (-8,2 do-7,1) (-12,7 do -8,9) (0,12 do 0,23)
o 18,8 74 -10,9 0,18
Skradinski buk (11,0 do 25,0) (7,9 do -6,8) (-12,9 do -8,3) (0,11 do 0,24)
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kazali, da je poleg neravnoteZja, ki je v slapovih
in kaskadah obicajno, razlog za odmike tudi pri-
sotnost nepricakovano velike koli¢ine liticnega
karbonata v lehnjaku. Visoko mnoZinsko raz-
merje Mg/Ca v vzorcih (tabela 2) kaZe na priso-
tnost dolomita, saj obarjanje kalcita z 10-odsto-
tnim ali ve¢jim mnoZzinskim delezem (x) Mg*
glede na Ca?* v danih razmerah ni mogocel®;
to smo potrdili tudi z rentgensko difraktome-
tri¢no analizo vzorcey, Ki je pokazala prisotnost
znatne koli¢ine dolomita. Dodatna potrditev je
kemi¢na in mineralna analiza karbonatne skor-
je iz tunela HE Jaruga, ki je nastala z obarjanjem
iz vode enake sestave in vsebuje le kalcit z manj
kot 1 % Mg*%, nasprotno od lehnjaka v slapu, ki
vsebuje tudi sledove dolomita.

Dolomitna faza v lehnjaku je pricakovana gle-
de na litolosko sestavo povodja Krke, kjer se
v prvih 15 km recnega toka poleg plastovitih
in masivnih apnencev v zgornjekredni forma-
ciji (K}*) pojavljajo tudi vlozki dolomital®® 3l
Predvidevamo, da je poleg dolomita v lehnja-
ku zanesljivo tudi nekaj detriticnega kalcita iz
apnencev, vendar ga s kemic¢no in rentgensko
analizo ne moremo loc¢iti od re¢nega avtigene-
ga kalcita. Ocena deleza detriti¢ne karbonatne
komponente v lehnjaku je tako lahko zelo pro-
blemati¢na in povezana z veliko negotovostjo,
zaradi Cesar je zanesljiva paleotemperaturna
interpretacija - tako na osnovi izotopskega kot
geokemicnega termometra - prakticno nemo-
goca. Podobno velja za prakti¢no vse masivne
lehnjake z velikih pregrad od Bilusi¢a buka
do Roskega slapa. ZmanjSanje deleza liti¢ne
karbonatne komponente nizvodno od HE

Miljacka je posledica Stevilnih zajezitev reke z
lehnjakovimi pregradami. Akumulacijska jeze-
ra za njimi zadrzijo velik del detriticnega mate-
riala, ki ga reka nosi s seboj?* 24, Tudi pogozdo-
vanje pobocij doline Krke je mo¢no zmanjsalo
erozijo. Kot primerni kandidati za paeloterm-
peraturne izracune tako ostajajo le lehnjaki z
RoSkega slapa in Skradinskega buka ter seveda
laminirana skorja, ki je Cist nizko magnezijev
kalcit z manj kot 0,1 % Mg v karbonatni fazi
(tabela 2).

[zotopski termometer

Za oceno temperature izloCanja lehnjaka je v
uporabi vec¢ t. i. paleotemperaturnih enacb, ki
temeljijo na temperaturno odvisni izotopski
frakcionaciji kisika med vodo in karbonatom.
NajboljSe ujemanje smo dobili z uporabo enacb
Andersona in Arturja® ter Haysa in Grossma-
nal32l;

T=16 - 4,4 x (60 )

VPDB-ca VSMOW—HZO) +

— 5180 )2[31]

+0,13 x (680

VPDB-ca VSMOW-H20

in

- 5190

VPDB-ca +

T=15,7-4,36 x (6"0

VSMOW—HZO)

- 610

+ 0’12 x (6180 VSMOW-H20)2[3Z]'

VPDB-ca
pri Cemer je temperatura (7) izraZena v stopi-
njah Celzija. Rezultati izraCunov temperatur
obarjanja so podani v tabeli 3.

Negotovosti temperatur obarjanja, izrac¢una-
nih z izotopskim termometrom, nismo mogli
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Tabela 2: Izotopska in elementna sestava lehnjaka z glavnih lehnjakovih pregrad in iz laminirane skorje pri HE Jaruga; podatki o
izotopski sestavi so povzeti po objavah predhodnih raziskav!''*!

. Vsebnost dolomita
Lokacija 60, ./ %o 63C, 5/ Y00 Mg/Ca (at.) (ocena XRD) %
Bilusica buk -8,0 -8,4 0,1 18
Manojlovac -8,7 -8,4 0,09 9
Miljacka -7,8 -7,8 0,07 5
RosKi slap -8,5 -9,0 0,03 sledovi
Skradinski buk -8,5 -9,2 0,05 sledovi
Jaruga (skorja, -8,8 -9,3 0,006 0
62 parov lamin) (-10,8 do -7,5) (-10,0 do -8,4) (0,004 do 0,012)

Uporaba lehnjakov v paleotermometriji: primer iz Nacionalnega parka Krka, Hrvaska
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dolociti, saj niso znane negotovosti (*) koe-
ficientov v standardnih paleotemperaturnih
enacbah v originalnih ¢lankih, po katerih so
povzetel®> 33, Obe uporabljeni enacbi dajeta
zelo podobne rezultate, ki se v vsakem primeru
odmikajo od povpre¢ne temperature vode na
posameznih kaskadah v obdobju 2000-2013,
so pa blizu poletnim temperaturam vode. Ven-
dar pa moramo uposStevati prisotnost detri-
ticnega karbonata v vzorcih, ki §®0-vrednost
lehnjakov zvisa, saj naj bi imeli morski karbo-
nati §'°0,, .-vrednost okoli 0 %o'**, meteogeni
oz. recni pa precej niZjo, pac blizu ravnotezja z
re¢no vodo. Ce bi bila liti¢na karbonatna kom-
ponenta samo dolomit, bi ga lahko pri izracunu
preprosto odSteli, saj ima podobno izotopsko
sestavo kot apnenec!® 3¢, vendar pa je poleg
dolomita zanesljivo tam tudi precej liticnega
kalcita, ki ga pa koli¢insko na podlagi kemicne
in rentgenske difraktometri¢ne analize ne mo-
remo doloditi. PribliZzna ocena bi bila mogoca iz
izotopske sestave ogljika karbonatne faze, saj je
znano, da je 6"°C, -vrednost kalcita v ravno-
teZju z vodo, iz katere se izloca, pribliZzno enaka
izotopski sestavi raztopljenega anorganskega
ogljika oziroma so odmiki v okviru 1 %o 28I,
Ce torej privzamemo, da je izotopska sestava
karbonatne oborine enaka izotopski sestavi
raztopljenega anorganskega ogljika v vodi, lah-

ko z enostavnim meSalnim modelom ocenimo
delez liticne karbonatne komponente v lehnja-
ku, in sicer na 28 % na Bilusi¢a buku, 27 % na
Manojlovcu, 33 % pri HE Miljacka, 18 % na Ro-
Skem slapu in 15 % na Skradinskem buku, kar
bi lahko bila dokaj realna ocena, ki se tudi dokaj
dobro sklada z rezultati rentgenske difrakto-
metri¢ne analize (tabela 2). Dolomit se namrec
sporadi¢no pojavlja le do Brljanskih jezer, kjer
pa se znaten delez suspendirane snovi v jezerih
odloZi v sedimentu, medtem ko nizvodno od
Brljanskih jezer dolomita v zlivnem podrocju
Krke ni vec, tako da najdemo v lehnjaku vecino-
ma le fragmente apnenca, tj. kalcita. Podatkov o
izotopski sestavi karbonatov z dinarske karbo-
natne platforme je v literaturi zelo malot®” 3¢,
6'°0,,,,-vrednosti se gibljejo v velikem razpo-
nu med -4,4 %o in -1,18 %o. Nekaj vzorcev kar-
bonatov iz zaledja NP Krka (Miljevacki plato,
n =10) je sicer bilo analiziranih. Povprecna iz-
merjena 6'°0,, .-vrednost je bila okoli 2,2 %o
(Lojen, neobjavljeno), kar ustreza podatkom
iz literature, ne moremo pa z gotovostjo trdi-
ti, da je reprezentativna za celotno podrocje.
Ne glede na to, katero vrednost iz omenjene-
ga razpona 6'°0,, -vrednosti upoStevamo za
liticno karbonatno komponento, pa dobimo
previsoke temperature obarjanja (med 25,3 °C
in 30,1 °C). Glede na negotovosti ocen so te vre-

Tabela 3: Poprecne temperature obarjanja lehnjaka in razpon vrednostiv °C, izracunane s paleotermperaturno enacbo po
Andersonu in Arthurju®" ( T, in Haysuin GrossmanuP? ( T,;) ter izmerjene temperature vode

lokacija T,../°C T,../°C T, /°C
_ 152 14,8 11,5
BiluSica buk (12,8 do 14,0) (13,6 do 17,0) (8,0 do 15,0)
Manoilovac 19,0 1838 12,5
J (18,1 do 20,3) (17,9 do 20,2) (8,6 do 18)
N 16,4 16,1 12,0
HE Miljacka (15,2 do 19,4) (14,8 do 19,3) (8,8 do 14,5)
Roski sl 19,0 19,8 14,5
P (17,3 do 22,1) (17,0 do 22,0) (84 do 19,5)
skradinski buk 20,7 20,6 1838
(18,5 do 23,4) (18,4 do 20,5) (11,0 do 25,0)
Laminirana 19,4 19,3 18,8
skorja (12,8 do 27,6) (19,3 do 27,8) (11,0 do 25,0)

Mg-termometer(:

21,1
(17,5 do 28,9)
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dnosti vsekakor spekulativne, vseeno pa lahko
zatrdimo, da izotopski termometer daje previ-
soke vrednosti. Najenostavnejsa razlaga je vse-
kakor obarjanje karbonatov v neravnoteznih
razmerah. Vendar pa moramo upoStevati, da
ni fizikalne osnove, ki bi dolocala obliko pale-
otemperaturnih enacb, pac pa so vse dobljene
s prileganjem polinoma drugega reda velikemu
Stevilu izmerjenih vrednosti. [zotopski faktorji
obogatitve kisika (1 000 In a) med karbonatom
in vodo, objavljeni v literaturi, se pri razli¢cnih
avtorjih razlikujejo za vec kot 2 %o, poleg
tega pa nanje vpliva ne le temperatura, ampak
v enaki ali celo vecji meri tudi hitrost obarjanja
karbonata!™3!, Ce upostevamo vse nasteto, lahko
recemo, da izotopski podatki v naravnih siste-
mih sicer dobro izrazajo usmeritve tempera-
turnih sprememb, natanc¢na paleotermometrija
pa je v velini primerov nemogoca oziroma so
dobljene vrednosti dokaj spekulativne in pra-
vilno izraCunane paleotemperature prej izjema
kot pravilo; v bistvu bi morali za vsak sistem
posebej s prileganjem dolociti izotopsko pale-
otemperaturno enacbo. Vsebnost detriticnega
karbonata in njegov vpliv na izracunane (pa-
leo)temperature pa razen redkih izjem™ avtorji
v glavnem zanemarijajo, Ceprav se je v primeru
NP Krka pokazala kot klju¢ni problem.

V literaturi se uporablja tudi Mg geokemicni
paleotermometer®, ki smo ga preizkusili na
laminirani skorji iz HE Jaruga, vendar so ne-
gotovosti zaradi antropogenega onesnaZenja
reke iz industrijskih virov v zadnjih desetletjih
tolikSne, da negotovost presega 10 °C*\. V la-
minah, nastalih v letih od 1937 do 1975, je bilo
ujemanje izotopskega in Mg-termometra zelo
dobro; Mg-termometer se je izkazal celo za bolj
zanesljivega od izotopskega, saj so bila medle-
tna nihanja precej manjsa kot pri kisikovem ter-
mometru. V zadnjih 25 letih nastajanja skorje
paje prislo do vecjih odklonov proti visjim tem-
peraturam zaradi industrijskega onesnaZenja
reke iz tovarne vijakov Tvik v Kninu (tabela 3).
Ocenili smo, da bi ob neznani vsebnosti dolo-
mita v masivnem lehnjaku, v katerem razmerje
Mg/Ca presega 20 % (ob negotovosti rentgen-
ske difraktometri¢ne analize 10 %), in Sibki ali
neobstojeci korelaciji med temperaturo in raz-
merjem Mg/Ca v vodi, bili paleotemperaturni
izrac¢uni z Mg-termometrom nesmiselni.

Sklepi

Ceprav se lehnjaki pogosto uporabljajo kot
paleookoljski indikatorji, je njihova uporaba
v paleotermometriji lahko problemati¢na. V
kraskih hidrogeoloskih sistemih, kjer je hidro-
loska situacija navadno komplicirana in veliko-
krat ne dovolj dobro pojasnjena, so izracunane
temperature obarjanja lahko zelo nezanesljive,
z negotovostjo, ki zlahka presega 10 °C. Dokaj
zanesljivo pa izrazajo usmeritve temperaturnih
sprememb v ¢asu in prostoru. Razlogov za to je
navadno vec. Razli¢no dolgi in pogosto neznani
zadrzevalni ¢asi podzemne vode, ki napaja leh-
njakotvorne reke, imajo lahko za posledico, da
med temperaturo in izotopsko sestavo kisika v
vodi ni nobene Korelacije. Izotopska frakciona-
cija kisika med vodo in karbonatno oborino v
realnih sistemih ni odvisna samo od tempera-
ture, pac pa tudi od hitrosti obarjanja karbona-
ta, kar je v nasprotju s temeljno predpostavko
izotopske geotermometrije, da je le-ta odvisna
samo od temperature obarjanja. V literaturi pri
studiju lehnjakov pa avtorji navadno ne upo-
Stevajo dejstva, da je lahko v lehnjaku tudi vec
ali manj liticnega karbonata, ki v reko prihaja s
spiranjem povrsine in vetrom in lahko preseze
20 % celotnega karbonata v lehnjaku. Medtem
ko je vsebnost dolomita mogoce dokaj natanc-
no dolociti, pa je locitev liticnih in avtigenih zrn
kalcita zelo tezavna. Uporabnost lehnjakov v
paleotermometriji je tako lahko zelo omejena.
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Izvlecek

Raznolika geoloska zgradba nasega ozemlja pogojuje
obstoj dolocCenih vrst mineralnih surovin, od katerih
se nekatere pojavljajo v prostoru v relativno omeje-
nem obsegu in niso raziskane do mere, ki bi zadosc¢ala
potrebam trga. Ena od slednjih je skupina glin (pri nas
so to gline opekarske in kerami¢ne kakovosti, ki so v
angl. literaturi poimenovane »brick clay« in »ball clay«),
ki nastopajo v mlajsih stratigrafskih enotah in le redko
v ekonomsko izkoristljivih koli¢inah.

Zaradi prednostnega upostevanja varovanja kmetijskih
se nahajajo predvsem v ravninskih predelih blizu oz. na
povrsini (z izjemo premoskih glin), pogosto trajno ne-
dostopna za gospodarsko izkori$¢anje, kar je v sloven-
skih razmerah pomanjkanja prostora in nezadostne
preskrbe z lastnimi naravnimi viri pereca problema-
tika. In to kljub dejstvu, da je za njihovo pridobivanje
potrebna le zac¢asna degradacija vecjih povrsin.

Delo zaobsega kompleten pregled znanih slovenskih
glinis¢. Vrednotenje nahajalis¢ glin je bilo izpeljano z
znano metodo vecatributnega odlo¢anja, katere re-
zultat je katalog gliniS¢, ki so razvr$cena glede na nji-
hovo perspektivnost!?.

Klju¢ne besede: glina, glinis¢e, mineralna surovina

Abstract

The occurrence of mineral resources in Slovenia is
closely related to its heterogeneous geological setting.
Some of them can be found only locally and are ex-
plored to a certain degree, such as a group of common
clays - brick clay, ball clay, and fire-clay — which appear
in younger stratigraphic units and only in a few places.
Nevertheless, their concentration reaches commercial
quantities.

The advantage of clay exploitation over the exploita-
tion of other mineral resources is that it causes spatial
degradation only for a limited period of time. However,
clay deposits remain inaccessible for exploitation far
too often, mostly due to the prevalence of agriculture,
forestry and other forms of land use. For this reason,
clay exploitation has been aggravated, which has led to
a difficult situation in Slovenia with its characteristic
lack of space and insufficient domestic supply of min-
eral resources.

The work is completed review of the majority of known
clay deposits in Slovenia. Clay deposit evaluation has
been carried out by means of a model for Multi-Attri-
bute-Decision!! making method. Using this method of
assessment, a catalogue of clay deposits was produced
in which the deposits are arranged according to their
potential?.

Key words: clay, clay deposit, mineral resource
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Uvod

Slovenska gliniS¢a so razvr$¢ena v Sest iz-
vornih obmodcij s specifi¢no geolosko zgradbo,
od Cesar je vsaj delno odvisna mineralna ses-
tava glin glede na izvorna obmoc¢ja. Opisane
so skupne lastnosti, razlike in uporabnost
slovenskih glin kot surovin za opekarstvo ter
primerjava njihove uporabe s preteklim ob-
dobjem. Podrobneje so prikazana aktualna
obmocja izkoriscanja, omejitve pri izkoriS¢anju
v varovanih obmocjih, proizvodnja oz. odkop
glin v njih ter zaloge in viri. Surovina iz njih je
podrobno preucena tako v pogledu mineralne
sestave, porazdelitve zrnatosti delcev kot tudi
osnovnih fizikalno-mehanskih lastnosti Zgane
surovine (¢repinje).

[zdvojenih ter podrobno opisanih je 47 sloven-
skih nahajalis¢ glin, ki so bila vkljucena v anali-
zo vrednotenja nahajaliS¢ z atributi, katerim je
dodeljena dolocena teza glede na njihov vpliv
na perspektivnost lokacije z uporabo mode-
la vrednotenja za vecparametrsko odlocanje.
Nahajali$¢a so ovrednotena in obravnavana na
podlagi izbranih meril: geoloski faktorji, kako-
vost surovine, oddaljenost od predelovalnih
obratov, prostorske omejitve ter stopnja razi-
skanosti. Namen je bil dolociti perspektivnost
nahajalisc¢ gline na podlagi vhodnih podatkov o
surovini, nahajalis¢ih in njihovi legi v prostoru
ter jih razvrstiti po perspektivnosti od najbolj
perspektivnih do neperspektivnih.

Slovenska gliniS¢a so do danasnjega dne v do-
brsni meri raziskana. V preteklem obdobju od
konca II. svet. vojne do 80. let prejSnjega sto-
letja so vecino raziskav gline izvajali tedanji
sodelavci oddelka za ekonomsko geologijo Ge-
oloskega zavoda (Stern, Iskra, Lapajne, Skerlj,
Dimkovski, KroSl - KuS¢er, Strgar, Ciglar in dru-
gi), kasneje pa mlajsa generacija raziskovalcev
iste raziskovalne institucije. Od celotne skupine
110 evidentiranih in do razli¢ne mere geolosko
raziskanih nahajalis¢ glin in glinastih skrilav-
cev, uporabnih za opekarstvo, sta dobri 2/3, to
je 86 nahajalis¢, opekarskih in keramic¢nih glin.
Kljub dejstvu, da je opekarska surovinska baza
pri nas relativno dobro raziskana, pa obstajajo
neravnotezja med zalogami in lokacijami ope-
karniskih obratov®.
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Po II. svetovni vojni je pri nas obratovalo Se
okrog 50 opekarn, vecino le-teh pa so zaprli v
glavnem zaradi nekonkurencne proizvodnje,
redkeje zaradi pomanjkanja primerne surovi-
ne. Tako ostaja del slovenskega prostora »ne-
pokrit« z opekarniSkimi izdelki (Notranjska,
Bela krajina) in so nekatere regije, kjer gline
sicer ne manjka, brez opekarn (npr. Gorenjska).
Le v severozahodni Sloveniji (Posocje) gline
prakti¢no niso razvite in je odsotnost opekarne
razumljiva. Na drugi strani pa ostaja ta mine-
ralna surovina marsikje Zal neizkoris¢ena. Tak
primer je glinokop keramicne gline v Globokem
pri Brezicah, kjer ostaja krovninska rjava glina
opekarske kvalitete na deponiji v velikih koli-
¢inah kot jalovina, ker v bliZini ni opekarne za
izdelavo “navadne” opeke. Nase najvecje naha-
jalisce gline je v Kosezah pri Ilirski Bistrici, kjer
nastopa pliocenska homogena plasti¢na glina v
sloju maksimalne debeline 70 m.

Materiali in metode

Osnovna naloga pri postopku ocene perspektiv-

nosti nahajalis¢ je izbira parametrov in doloci-

tev meril, po katerih smo nahajali§¢a ovredno-
tili. Postopek ocenjevanja perspektivnosti je bil

izpeljan z modelom, izdelanim v ta namen, in z

uporabo znane metode ve¢parametrskega od-

lo¢anja. Podrobno je opisan v doktorski diser-
taciji avtorice®. Za izdelavo navedenega mo-
dela je bilo izbranih 12 odlocitvenih atributov
oz. parametrov, ki opredeljujejo nahajalisca in
surovino v njih, in dolocene so bile uteZi njiho-
vega vpliva. Izdelani model je bil z metodo vec¢-
parametrskega odlo¢anja uporabljen za oceno
in razvrstitev nahajalis¢ glin po perspektivno-

stil®l, V vzorec za analizo je bilo vkljutenih 47

izbranih slovenskih glinisc.

— Parametri, ki odlo¢ilno vplivajo na ekonomi-
ko izkori$¢anja oz. na perspektivnost naha-
jalis¢, so naslednji: V procesu pridobivanja
so pomembne izkoristljive zaloge, debelina
produktivnega sloja ter ¢im manjSa bo¢na in
vertikalna spremenljivost lastnosti in sesta-
ve surovine (homogenost surovine).

— V procesu predelave surovine je pomembna
¢im manjsa prisotnost razli¢cnih vklju¢kov
ter sulfidov, ki negativno vplivajo Ze med
Zganjem surovine.

Rokavec, D.



— Na ekonomiko proizvodnje in ceno izkori-
S¢anja pomembno vpliva oddaljenost pre-
delovalnega obrata, saj je glina masovna
mineralna surovina, ki ne prenese dolgih
transportnih razdalj od kraja pridobivanja
do kraja predelave.

— Na izvedljivost pridobivanja vplivajo pro-
storske moZnosti odkopavanja, ki jih ome-
jujejo varstvo naravnih vrednot, namenska
raba prostora, ki ni namenjena izkoris¢anju
mineralnih surovin, vodovarstvena obmocja
in prisotnost objektov kulturne dediscine.

— Zanesljivost rezultatov terenskih raziskav in
poznanje geoloskih razmer v nahajaliscu sta
odvisna od gostote raziskovalnih del.

Glede na zgoraj navedeno, je bilo ovrednotenih
47 nahajalis¢ opekarske in keramicne gline gle-
de na:

— gostoto izvedenih raziskovalnih del,

— zaloge surovine,

— debelino produktivnega sloja,

— homogenost nahajali$ca,

— vsebnost sulfidov,

— vsebnost kamninskih in drugih vkljuckov,

— oddaljenost gliniS¢a od predelovalnega obrata,
— morebitno prisotnost naravnih vrednot, kul-
turne dedisc¢ine in vodovarstvenega pasu,

— namensko rabo prostora ter
— dostopnost>4,

[zbrana merila za posamezne parametre, ki do-
lo¢ajo perspektivnost nahajalis¢, so:

a) geoloski dejavniki

— zaloge
< 1 milijon m? 1-5 milijonov m?,
> 5 milijonov m?

— debelina produktivnega sloja
(<10 m, 10-20 m, =2 20 m)

— homogenost surovine (vec razli¢nih plasti,
hitro bo¢no spreminjanje kvalitete ...)
(homogen, nehomogen) (DA, NE)

b) kakovost surovine
— vkljucki (DA, NE)
— vsebnost sulfidov (manj kot 0,5 %) (DA, NE)

c) oddaljenost predelovalnih obratov
— zracna razdalja < 20 km (DA, NE)

Vrednotenje slovenskih glinis¢ po njihovi perspektivnosti
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¢) prostorske omejitve

— varstvo naravnih vrednot
(Natura 2000, zavarovana obmogja,
ekoloSko pomembna obmocja) (DA, NE)

— namenska raba prostora
(tri razlicne rabe prostora: poselitveno
obmocdje, kmetijsko zemljisce, rudarski pro-
stor) (DA, NE)

— vodovarstveno obmocje (DA, NE)

— kulturna dedisc¢ina (DA, NE)

d) stopnja raziskanosti
— gostota raziskovalnih del (= 0,25 vrtine na
hektar) (DA, NE)

e) dostopnost

— dostopno pomeni, da je nahajalisce Se do-
stopno, nedostopno pomeni opuscen jamski
kop ali pozidano zemljisce.

Merilo za zaloge smo razdelili na: do 1 mili-
jonm? od 1 do 5 milijonov m?® ter nad 5 mili-
jonov m3.

Merilo debeline produktivnega sloja smo izbra-
li tako, da je skupna debelina sloja do 10 m, od
10 m do 20 m ter nad 20 m.

Za homogenost in prisotnost vkljuckov je me-
rilo DA/NE.

Merilo vsebnosti sulfidov v surovini se nanasa
na vsebnost manj kot 0,5 % in vec kot 0,5 %.
Kot merilo za oddaljenost predelovalnih obra-
tov je privzeta zracna razdalja 20 km, kar po-
meni, da je predelovalni obrat blizje ali dlje od
20 km (razdalja je privzeta izkustveno po ana-
logiji proizvodnje keramicnih plosc¢ic Keramike
Gorenje). Tarazdalja se sicer v praksi spreminja
v odvisnosti od dodane vrednosti proizvoda.
Za merilo prostorskih omejitev je uposStevana
prisotnost oz. odsotnost obmocij varstva na-
ravnih vrednot, namenske rabe prostora (ki je
lahko stavbno zemljisce, kmetijsko oz. gozdno
zemljiSCe ter obmocje izkoriS€anja mineralnih
surovin), vodovarstvenih obmodij in objektov
kulturne dediscine.

Merilo stopnje raziskanosti je gostota razisko-
valnih del na povrsini v skladu s Pravilnikom
o Klasifikaciji in kategorizacij ...I°.. Izbrana je
predpisana razdalja za kategorijo zalog B, ki je
200 m. V naSem primeru to pomeni vsaj 1 vrti-
na na 4 ha povrsine oz. vsaj 0,25 vrtine na hek-
tar raziskane povrsine.
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Rezultati

Na podlagi navedenih parametrov in meril za-
nje, ki dolocajo nahajalisce in surovino v njem,
so obravnavana slovenska glinis¢a (tabela 1)
razvrScena po stopnji perspektivnosti v nasle-
dnje stopnje:

— perspektivno,

— pogojno perspektivno,

— neperspektivno.

M nedolocena nahajalista
M perspektivno
1 pogojno perspektivno

M neperspektivno

Slika 1: Obravnavana slovenska glinisca glede na stopnjo
perspektivnosti.

Prerez skozi vzorec veline danes znanih in raz-
iskanih slovenskih nahajaliS¢ gline (47 glinis¢)
pokaze, da je za nadaljnje raziskave zanimiva
slaba petina nahajalis¢ (19,1 %); za dobro po-
lovico nahajalis¢ obstaja moZnost, da bi z do-
datnimi raziskavami prisli do pozitivnih rezul-
tatov (55,4 %); za petino nahajaliS¢ pa bi bilo
kakrsno koli vlaganje sredstev v raziskave ne-
racionalno (19,1 %) (slika 1).

Diskusija

Nekatere lastnosti nahajaliS¢ niso upostevane

pri doloc¢anju perspektivnosti in vrednotenju

nahajalis¢, saj menimo, da ne vplivajo odloc¢ujo-

Ce na perspektivnost nahajaliS¢. Zadevni dejav-

niki so naslednji:

— Transportne moZnosti lahko zanemarimo za-
radi kratkih razdalj v Sloveniji in dejstva, da
so gliniS¢a vezana na ravninska obmocja in
so veCinoma dostopna z obstojeco prometno
infrastrukturo.

Tabela 1: Razvrstitev izbranih nahajalis¢ glin po stopnji perspektivnosti

Nahajalisce Perspektivnost Nahajalisce Perspektivnost

Boreci - Kljucarovski gozd perspektivno Zg. LoZnica pogojno perspektivno
Hardeska Suma perspektivno Dobrava pogojno perspektivno
Ljubeéna - Smiklavz - sever II perspektivno Zalog pogojno perspektivno
Ljubeéna - Smiklavz - sever I perspektivno Dvorska vas pri Begunjah pogojno perspektivno
Ljubeéna - Smiklavz - jug perspektivno Cesnjevek pogojno perspektivno
Hom I perspektivno Bobovek pogojno perspektivno
Globoko perspektivno Rence pogojno perspektivno
Ilirska Bistrica perspektivno Obrov - Jezerina pogojno perspektivno
Okroglica I + II + Sempas perspektivno Dolgi hrib + Tomaski hrib pogojno perspektivno

Lendava - Dolga vas

pogojno perspektivno

Biljenski grici

pogojno perspektivno

Dragucova pogojno perspektivno Meandri Vipave pogojno perspektivno
Kosaki pogojno perspektivno Hrastnik - Blate neperspektivno
JanezZovci pogojno perspektivno Lasko (Govce + Brune) neperspektivno
Puconci pogojno perspektivno Trbovlje - NeZa neperspektivno
Medvedce pogojno perspektivno Trbovlje - Ojstro neperspektivno
Ljutomer pogojno perspektivno Trbovlje - Dobrna neperspektivno
Pozeg pri Framu pogojno perspektivno Racje selo neperspektivno
Bomcev breg pogojno perspektivno Crnuée - Podborét neperspektivno
Pragersko pogojno perspektivno Smodinovec neperspektivno
Pragersko - Gaj pogojno perspektivno Vrhnika - Sinja Gorica neperspektivno

Brezje

pogojno perspektivno

Smatev? pri Gomilskem

nedoloc¢eno

Lipovec - Glinsko

pogojno perspektivno

Holmec

nedoloceno

Pristava

pogojno perspektivno

Catrova hosta

pogojno perspektivno
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Zg. Moravci

Za tri od izdvojenih nahajalis¢ so razpoloZljivi podatki preskopi za razvrstitev po per-

nedoloceno

spektivnosti in so opredeljena kot »nedolocenac.
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— Izvedljivost sanacije - vrnitve povrSine v pr-
votno stanje ali uvedba nove namembnosti.
V praksi je sanacija glinokopov razmeroma
enostavno izvedljiva in manj problemati¢na
v primerjavi s kamnolomi.

Globina podtalnice ne vpliva bistveno na pri-
dobivanje, ker se eksploatacija izvaja lahko
nad ravnijo podtalnice ali pod njo in se pri-
dobivanje tudi sicer prilagaja vodnemu rezi-
mu s sezonskim nac¢inom odkopavanja.

Trg - To je Stevilo uporabnikov v neposre-
dni bliZini glinisca. Izdelki iz gline z dodano
vrednostjo danes prenesejo relativno dol-
ge transportne razdalje od predelovalnega
obrata do porabnika.

Debelina odkrivke je praviloma le nekaj cen-
timetrov do nekaj decimetrov in pri izkori-
$¢anju ni ovire razen v primeru premoskih
glinl,

Iz skupine sicer odlocilnih parametrov je izvze-
ta tudi mineralna sestava, ki opredeljuje kako-
vost surovine. Glina je namre¢ lahko uporabna
v Sirokem razponu njene mineralne sestave,
odvisno od tehnologije in uporabljene receptu-
re ter dodatkov. Z drugimi besedami: razlicne
vrste glin so lahko uporabne za isti namen oz.

izdelek ali obratno, gline s podobno mineralno
sestavo se uporabljajo za razlicne namene in iz-
delke, kot so: opeke, stresniki ter druga gradbe-
na keramika, gospodinjska, sanitarna, okrasna
keramika idr.
Ceprav gline Ze tisocletja uporabljamo za pro-
izvodnjo opekarskih izdelkov, odnos med nji-
hovimi lastnostmi in vedenjem surovine med
tehnoloskim procesom kot tudi lastnostmi
koncnega proizvoda Se vedno ni dovolj dognan
in raziskan®.
Za opredelitev uporabnosti glin so bistvenega
pomena naslednje lastnosti surove gline!®:
— mineralna sestava,
— granulacijska sestava in
— fizikalne lastnosti (kot so: plasti¢nost, ab-
sorpcija vode, viskoznost in tiksotropnost
suspenzije gline v vodi idr.).
Plasti¢nost kot najvaznejsa karakteristika glin
je premo sorazmerna z razmerjem med gline-
nimi minerali in neplasti¢cnimi minerali, vendar
je v veliki meri odvisna tudi od disperznosti sis-
tema. Tako je precej pesc¢ena glina z drobnimi
dispergiranimi delci peska lahko bolj plasti¢na
kot malo peScena glina, v kateri je pesek v posa-
meznih vedjih zrnih® .

LEGENDA:

1 surovina, uporabna za polno opeko

I surovina, uporabna za votlake

IIT  surovina, uporabna za streSnike

IV surovina, uporabna za tenkostenske
izdelke npr. stropnike
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Slika 2: Winklerjev trikomponentni diagram zrnatosti", ki velja Ze od leta 1954, prikazuje uporabnost surovine za posamezne

opecne izdelke v odvisnosti od porazdelitve velikosti delcev.
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Zvezo med zrnatostjo gline in uporabnostjo za
opekarske izdelke ponazarja Winklerjev di-
agram (slika 2), iz katerega je razvidno, da so
za opekarsko proizvodnjo primerne gline, ki
vsebujejo masni deleZ najmanj 23 % in najvec
50-55 % zrn manjsih od 2 pm in hkrati najvec
50 % zrn vecjih od 20 pm. Pri tak$ni zrnatosti
ima Crepinja zaradi ustrezne koli¢ine glinenih
mineralov, glinencev in kremena v vhodni su-
rovini ustrezne keramicne lastnosti: majhen
skréek, primerno plasti¢nost, majhno vodov-
pojnost in zadostno trdnost!l,
Omenjene lastnosti surove gline se odrazajo na
lastnostih Zganih oblikovancev, kot so:
— skrcek po susenju in Zganju,
— Zarilna izguba,
— vpijanje vode (odprta, zaprta poroznost),
— barva crepinje,
— tlac¢na in upogibna trdnost,
— temperatura klinkerizacije in interval sintra-
nja.
Gline, ki jih uporabljajo v opekarstvu, imajo
navadno razmeroma precej primesi Zelezovih
in aluminijevih oksidov ter organske snovi, se
Zgejo pri nizkih temperaturah (900-1 100 °C)
in dobijo po Zganju rdece-rjavo Crepinjo z vo-
dovpojnostjo okoli 10-13 %.
Gline za opekarstvo so torej glinaste zemljine
(gline in meljaste gline), ki niso uporabne za
bolj zahtevno vrsto keramike, temvec¢ za izdel-
ke z niZjo dodano vrednostjo brez posebnih ke-
ramicnih lastnosti.
Pri vrednotenju nahajalis¢ drugih vrst nekovin-
skih mineralnih surovin bi bilo smiselno upora-
biti isto metodo vecparametrskega odlocanja,
vendar bi bilo treba preuciti in smotrno izbrati
druge odlocilne parametre in merila zanje, ta-
ksne, ki ustrezajo specifiki dolocene mineralne
surovine o0z. njenemu pojavljanju v prostoru.

Sklepi

Raziskava je zajela vecino v Sloveniji znanih in
do doloc¢ene mere raziskanih nahajalis¢, ki so
bila ovrednotena in razvrs¢ena po stopnji per-
spektivnosti. Postopek ocenjevanja perspek-
tivnosti je bil izpeljan z modelom, izdelanim
v ta namen, in z uporabo znane metode vec-
parametrskega odlocanja. Rezultat je katalog
slovenskih gliniS¢, razvrscenih od tistih, ki so
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za nadaljnje raziskave prakticno nezanimiva,
do perspektivnih, ki utegnejo biti v prihodnje
surovinsko zaledje za nove proizvodne enote in
izdelke.

Prerez skozi vzorec vecine doslej znanih in
raziskanih slovenskih nahajalis¢ glin pokaze,
da je za nadaljnje raziskave zanimiva petina
nahajalis¢; dobra polovica nahajaliS¢ ima mo-
znost, da bi z dodatnimi raziskavami pridobili
pozitivne rezultate; za petino nahajalis¢ pa bi
bilo kakrsno koli vlaganje sredstev v raziskave
neracionalno. Ta optimizirani metodoloski na-
¢in raziskav izbranih nahajali$¢ mineralnih su-
rovin pomeni kvantitativen prispevek k pravo-
Casni umestitvi nahajaliS¢ v prostorske nacrte,
kar prispeva k racionalizaciji rabe prostora in
h gospodarnejSemu izkoris¢anju razpolozljivih
zalog mineralnih surovin.

S tem nacinom vrednotenja nahajaliS¢ bomo v
prihodnje lahko po analogiji z glinami dolocali
tudi perspektivnost nahajaliS¢ drugih vrst mi-
neralnih surovin.

Zaokrozen je pregled vecine doslej znanih slo-
venskih nahajalis¢ glin, ki so razvrscene po sto-
pnji perspektivnosti, kar bo zainteresiranemu
investitorju sluzilo kot smerokaz pri odlocitvi,
kje bi bilo smiselno vloziti sredstva v detajlne
raziskave. Z ovrednotenjem nahajaliS¢ in nji-
hovo uvrstitvijo po stopnji perspektivnosti so
uporabniku priblizane razmere na podrocju za-
stopanosti in raziskanosti ter perspektivnosti
nahajalisc¢ glin kot surovinske baze za preskrbo
industrije gradbene keramike. Potreba po sle-
dnji se bo po vecletni gospodarski recesiji in s
ponovnim razmahom gradbeni$tva nedvomno
povecala.
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odprt do vsakogar, pozrtvovalen, vcasih Saljiv,
prilagodljiv, trmast, zelo vzdrzljiv in posSten
Clovek, taksen je jubilant Mario Plenicar. Ob tej
priloZnosti mu iskreno Cestitamo za njegov vi-
sok jubilej in za vse, kar je storil na podrocju
geoloskih in paleontoloskih znanosti.

Mario Plenicar je bil rojen v Ljubljani 5. avgu-
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na Oddelku za montanistiko takratne Fakultete
za naravoslovje in tehnologijo v Ljubljani, Se is-
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pridobljena znanja povezoval in jih posredoval
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biteljem naravoslovja.

V najtezjem in najpomembnejSem obdobju
1949-1970, ko je bil Mario PlenicCar zaposlen
na Geoloskem zavodu, je v zacCetkih deloval kot
kartirajoci geolog, kasneje pa tudi kot koordi-
nator pri delu terenskih in laboratorijskih ekip,
ki so sodelovale pri terenskem geoloskem kar-
tiranju in izdelavi Osnovne geoloSke karte SFR]
pod uredniStvom Zveznega geoloSkega zavoda
v Beogradu. V nacrtu je bila izdelava 23 listov
za Slovenijo v merilu 1:100 000, vsak celoten
list je imel 16 listov v merilu 1 : 25 000. To je bil
najvedji in najdrazji geoloski projekt v takratni
Jugoslaviji. V sodelovanju s slovenskimi in hr-
vaSkimi geologi je Mario Plenicar soavtor ali av-
tor petih listov: Postojna, Goricko, Trst, Ilirska
Bistrica in Novo mesto. Skupna povrsina ome-
njenih petih listov zavzema okrog 5 000 km?,
kar je Cetrtina ozemlja Slovenije. TakSno povr-
Sino prehoditi in pregledati, poiskati primerne
vzorce kamnin, fosilov, mineralov, opazovati
geoloske strukture, tektoniko in geomorfologi-
jo, vzporedno pa izrisovati terensko geolosko
karto v merilu 1: 25 000 vsekakor ni bil »macji
kaSelj«. Navedeni listi Osnovne geoloske karte
in njihovi tolmaci so izhajali v letih od 1967 do
1977.

V obdobju izdelave geoloskih kart je M. Pleni-
Car za krajsi Cas odsSel raziskovat in ugotavljat
potencialna leZiS¢a ogljikovodikov v Prekmur-
ju. V Sirsi okolici Lendave so Ze bila prva in
takrat edina naftno-plinska polja v Jugoslaviji.
Takratna gospodarska politika je stremela za
¢im manjSo odvisnostjo od energentov iz tujine
in drugih mineralnih surovin ter iskanjem no-
vih zalog. Geoloska struktura naftnega polja pri
Lendavi ni omogocala ve¢jih zalog nafte in pli-
na, zato so se kasneje tam raziskave preusme-
rile v iskanje podzemnih naravnih skladis¢ za
zemeljski plin, ki so ga uvazali iz Sovjetske zve-
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ze. Plenicar je leta 1980 z Matijo Drovenikom in
Francem Drovenikom sodeloval tudi pri izdaji
obseZnega in pomembnega dela Nastanek ru-
dis¢ v Sloveniji.

Poleg Ze omenjenih aktivnosti Maria Plenicarja
moramo nekaj vrstic posvetiti tudi njegovemu
paleontoloskemu raziskovalnemu delu. Vecino-
ma se je ukvarjal z raziskavami rudistnih skoljk.
Prvi poljudni ¢lanek o rudistih je Mario napisal
Ze leta 1954 v reviji Proteus, prvi znanstveni
Clanek pa leta 1963 v akademijskih Razpravah.
0 rudistih je napisal veliko Studij, ki jih je ob-
javljal v domacih in tujih revijah. Leta 2005 je
izsla monografija ali, kot jo je sam poimenoval,
»atlas o rudistih« z naslovom Zgornjekredni
rudisti v Sloveniji, v kateri je zdruzil podatke o
rudistih iz 64 nahajalis¢ v Sloveniji in jih tudi
stratigrafsko in okoljsko opredelil.

V ¢asu njegovih uciteljskih in pedagoskih obve-
znosti je Mario Plenicar predaval vsebine pred-
metov Fizikalna geologija, Geolosko kartiranje,
Osnove geologije in Biostratigrafija kenozoika.
Za osnove geologije je leta 1981 izdal ucbenik,
za vse druge predmete je pripravil zelo dobre
in obseZne tipkopise. Bil je mentor Stevilnim
seminaristom in diplomantom.
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V vseh sluzbenih in upokojenskih letih je Mario
Plenicar sodeloval s Stevilnimi slovenskimi ge-
ologi in jih spodbujal pri pisanju vsebin in na-
stajanju knjige, ki bi zdruzevala vse geoloske
panoge. Tako je v letu 2009 izpod peres Stevil-
nih avtorjev in sodelavcev ter pod uredniSko
taktirko Maria Plenicarja, Bojana Ogorelca in
Matevza Novaka izSla obsezZna monografija z
naslovom Geologija Slovenije. Tako je akademik
Mario Plenicar priSel do zadnjega nadvse Zele-
nega znanstvenoraziskovalnega cilja.

Kot znanstvenik, raziskovalec in profesor se
je Mario Plenicar aktivno udeleZeval Stevilnih
simpozijev, kongresov doma in na tujem. Bil
je Clan Stevilnih komisij, programskih svetov,
domacih in tujih znanstvenih odborov, imel je
Stevilne vodilne predsednisSke in predstojniske
funkcije. Se vedno je ¢lan nekaterih drustev in
uredniskih odborov strokovnih revij.

Za svoja pomembnejsa dela je Mario Plenicar
leta 1961 prejel nagrado Sklada Borisa Kidrica,
leta 1976 je bil odlikovan z redom dela s sre-
brnim vencem. Prvi je prejel Lipoldovo meda-
ljo, ki jo podeljuje Geoloski zavod Slovenije za
Zivljenjske doseZzke na podrocju geologije. V
letu 2005 je prejel visoko drzavno odlikovanje
z zlatim redom za zasluge in za izjemno delo na
podrocju naravoslovnih znanosti.

Mikuz, V.
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Abstract

A sequence of boulder breccia, separated by several
emersion horizons is recognized as part of the Upper
Ladinian - Lower Carnian Cassian Dolomite and Lime-
stone Formation in the area of Medvedica (central Slo-
venia). The composition of clasts, determined from thin
sections in the context of Late Ladinian - Early Carnian
platform models suggests their origin in the transition
between the inner platform/lagoon and the back-reef
area, alternatively in the internally differentiated la-
goon with swells. The emergence of the platform is sug-
gested to correspond to the upper sequence boundary
of the Carl depositional sequence from the Southern
Alps. The platform growth subsequently continued un-
til the uppermost Julian, when the second emergence
(upper sequence boundary of the Car2 depositional
sequence) finally terminated the growth of the Cassian
platform.

Key words: Dinaric Carbonate Platform, Southern
Alps, »Cordevolian limestone and dolomite«, Cassian
platform, sequence stratigraphy

Izvlecek

Na obmodju Medvedice (osrednja Slovenija) smo v
zgornje ladinijski - spodnje karnijski formaciji kasi-
janskega dolomita in apnenca prepoznali zaporedje
blokovnih bre¢, locenih z ve¢ emerzijskimi povrsSina-
mi. Sestava klastov, doloCena na podlagi zbruskov ob
upoStevanju modelov zgornje ladinijskih - spodnje
karnijskih karbonatnih platform kaze na sedimentacijo
apnenca na prehodu iz notranje platforme/lagune v za-
grebensko obmodje ali na notranje diferencirano lagun-
sko okolje z lokalnim reliefom. Emerzija platforme bi se
lahko skladala z zgornjo sekven¢no meje depozicijske
sekvence Carl Juznih Alp. Rast platforme se je nada-
ljevala do konca jula, ko je bila dokon¢no prekinjena
z drugo emerzijo, ki ustreza zgornji meji depozicijske
sekvence Car2 v Juznih Alpah.

Klju¢ne besede: Dinarska karbonatna platforma, Juz-
ne Alpe, »cordevolski apnenec in dolomit«, Cassianska
platforma, sekvencna stratigrafija
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Introduction

A substantial amount of the carbonate sequence
of the External Dinarides and Southern Alps
belongs to carbonate platforms established
after the cessation of Ladinian volcanism™ 2.
Until the Early Julian, up to 600 m of limestone
deposited, later mostly transformed to do-
lomitel?. In terms of lithostratigraphy, these
carbonates are known in the Slovenian litera-
ture as the »Cordevolian limestone and dolo-
mite«B- or the Diplopora Limestonel® 7., The
term Cassian Dolomite and Limestone Forma-
tion (CDLF) is used herein (see also®'%). The
debate about the correct interpretation of age
of the CDLF mostly revolved around the correct
determination of dasycladacean algael'® 13,
During geological mapping of a smaller area
south-west of Grosuplje (central Slovenia), a
sequence of breccia with up to 2 m large boul-
ders was noted inside the CDLF along the newly
cut forest road. The scope of this paper is to de-
scribe and interpret the origin of breccia.

Previous research of the studied
area

The first geological mapping of this area was
carried out by M. V. Lipold and G. Stachel**.
Their work, however, remained in the form of
a manuscript map!*®. Stache®! and Vetters('” 18l
later produced less detailed maps. In the scope
of geological mapping of Yugoslavia, geological
mapping was carried out by Buser and co-work-
ers'% 20, The area around Zupanova jama, east
of Medvedica, was re-ambulated in the 1980s.
The results were published by Gospodari¢?!;
however, the supplemented geological map
is too general for the purposes of this study.
Buser?? later gave a short description of the
geological structure between St. Jurij and Ve-
like Lipljene. Especially notable is his mention
of Ladinian volcanoclastics in Medvedica. The
stratigraphy of the wider area south and east
of Grosuplje has recently been investigated by
DOZet[3_5'23_26].
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Geological setting

Medvedica is a largely forested low hilly area
situated on the SW brink of the Grosuplje karst
basin (Fig. 1). According to Placer!?”-2%, this area
structurally belongs to External Dinarides, dur-
ing the Triassic and Early Jurassic situated on
the southern passive continental margin of the
Neotethys (Meliata) Ocean!?” 3%, The evolution
of this area was strongly affected by the Middle
Triassic extension, and, after cessation of tec-
tonic activity, by a gradual recovery of carbon-
ate production and levelling of topography*32,
The following description of lithological units
is based on author’s personal observations.
Reader may further refer to descriptions by
Buser?® 22 and Dozet!*)l. The studied area is
situated between two major NW-SE directed
faults, namely the Dobrepolje fault to the east
and the Ortnek fault to the west (Fig. 2). Nu-
merous minor faults create a complex picture of
fault-bound blocks. This, however, is in contrast
with interpretation made by Buser, showing
a generally undisturbed Lower to Upper Trias-
sic succession.

The oldest succession belongs to the Lower
Triassic Werfen Formation (Fig. 3). The lower
part of the formation is missing, while the rest
of it consists of light brown or reddish cal-
cisiltite and dark grey silty marlstone, and me-
dium bedded oolite. Small flakes of mica are

Grosu
PPijava
Gorica

ol v
Pley

O N
Vel.Lipliené.

Figure 1: Position of the studied area. The rectangle
represents position of Figure 2.

Gale, L., Skaberne, D.



|:| Predole beds (Lower Jurassic)

|:| Main Dolomite (Upper Tuvalian?-Norian-Rhaetian)
- Mohorje Formation (Upper Julian-Tuvalian)
|:| Cassian Limestone (Upper Ladinian-Lower Julian)
|:| Cassian Dolomite (Upper Ladinian-Lower Julian)
|:| Volcanoclastics, limestone with chert (Ladinian)
|:| Anisian Dolomite

:] Werfen Formation (Lower Triassic)

/4 Fault (visible; covered; assumed)

’/ Normal geologic boundary

Figure 2: Geologic map of the studied area. The section with
breccia is marked by bar.

characteristic. Various bivalves, gastropod Nat-
iria costata Munster, ammonite (?Tirolites sp.)
and ichnogenus Rhizocorallium were found.
Oolitic limestone may contain numerous small
gastropods.

In the upper part of the Werfen Formation,
thin to medium bedded dolomite of dusty ap-
pearance predominates, gradually passing into
medium-thick bedded or seemingly massive
coarse dolomite. No attempt has been made
to recover microfossils from the latter; and An-
isian age is assumed solely on the basis of su-
perposition.

The upper boundary of Anisian dolomite is
nowhere preserved, so its continuation into
younger units remains interpretative. One as-
sumption is based on a road cut in the area of
Medvedica, where an irregular palaeosurface is
visible on top of stromatolitic dolomite. The pa-
laeosurface is filled and covered with conglom-
erate/breccia consisting of dolomitic clasts
and limonitic matrix. Poorly exposed greenish
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laminated dolomite and
micritic limestone

Jurassic

faulted

stromatolitic dolomite
(Main Dolomite)

— 7] bauxite, red clastics, dolomite
=] (Mohorje fm)
breccia

Y

DOP USRS Y | medium to thick bedded
S AT limestone with green algae

#7 7" 7C 4 | (coR)

- A = Ty

Y Ao Loy 0 ec L o I | conglomerate/breccia, tu_ffit_e_,
tuffaceous sandstone, micritic
R YR :\,n,;A limestone with chert

|Carnian Nor.-Rhae.

Ladinian

C
3 medium-thick bedded or
'E massive dolomite
(o]
S5 To T s s T s [ o calcisiltite, marlstone, oolite
F1T o 1 [ o ] [ o] (Werfen fm)
=
g [ 20 o0 oo oo oo oo oo oo
3 [ 20 o0 oo oo oo oo oo oo
calcisiltite massive dolomite
marlstone massive limestone
H-5-Hoolitic limestone boulder breccia
FZ—bedded dolomite bauxite
tuff sandstone
==L cherty limestone EZ=4 marly dolomite

E micritic limestone

Figure 3: Schematic lithostratigraphic column for the
Medvedica area (not in the scale). Note that the stratigraphic
position of the breccia inside the Cassian Dolomite and
Limestone Formation (CDLF) is only tentative.

tuffite, tuffaceous sandstone, conglomerates,
breccias, and black micritic limestone with
black chert and claystone partings follow. A si-
licified ammonite has been found in Medvedica
by B. Vici¢ in 2009, and questionably attributed
to the genus Kellnerites (L. Krystyn, pers. com.
by B. Vici¢). According to the Paleobiology Da-
tabase®®, this genus ranges from Late Anisian
to Early Ladinian. Thus, the dolomite below the
unconformity is attributed to the upper part of
Anisian dolomite, while the following volcano-
clastic, clastic and limestone succession rep-
resents Lower Ladinian. The local emergence
around Anisian-Ladinian boundary has been
advocated before by Dozet and Godec® in the
area of Bloke (southern Slovenia), but the age
of the supposed unconformity is not supported
by fossils.

Composition and importance of Upper Triassic (Upper Ladinian — Lower Carnian) breccia in stratigraphy of External Dinarides
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Plate 1: 1 Poorly sorted boulder breccia. | 2 Red surface of brecciated dolomite. | 3 Leached-out thalli of dasycladaceans. |
4 Red and green mudstone (emersion level). | 5 Dolomite clast embedded in mudstone. | 6 Emersion on the upper side of
calcarenite bed. | 7 Interchange of light and dark grey levels with Tubiphytes. |8 Detail from Figure 7. |9 Breccia with
bauxite matrix (base of the Mohorje Formation?).

RMZ -M&G | 2014 | Vol.61 | pp. 107-123 Gale, L., Skaberne, D.
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Plate 2: 1 Fine-grained breccia with reddish »haematitic« matrix. Thin section 207. | 2 Angular clasts with Tubiphytes-like
micriproblematica. Thin section 207. | 3 Recrystallized wackestone passing into bioclastic grainstone. Breccia clast.

Thin section 200C. | 4 Partly winnowed intraclastic-peloidal packstone. Breccia clast. Thin section 201. | 5 Winnowed
bioclastic-peloidal packstone with dasycladaceans. Breccia clast. Thin section 202. | 6 Dasycladales. Breccia clast.

Thin section 208B. | 7 Clasts of cementstone with cockades and Tubiphytes in partly dolomitized reddish »haematitic«
matrix. Thin section 205. | 8 Tubiphytes-like fossils in peloidal grainstone. Note bladed spar encrusting grains and the
corrosive cement (C) associated with reddish »haematiticc matrix. Thin section 205.

Composition and importance of Upper Triassic (Upper Ladinian — Lower Carnian) breccia in stratigraphy of External Dinarides
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Plate 3: 1 Recrystallized winnowed bioclastic-peloidal packstone. Thin section 199. | 2 Tubiphytes sp. Note the coarse internal
network. Thin section 207. | 3 Tubiphytes or similar microproblematica. Thin section 211. | 4 Tubiphytes sp. Thin section 200A. |

5 Tubiphytes sp. Note the internal cavity and the branched habitus. Thin section 207. | 6 Tubiphytes sp. in clast. Note the internal
cavity and the branched habitus. Thin section 207. | 7 Tubiphytes sp. Thin section 208A. | 8 Tubiphytes sp. Thin section 207.

RMZ -M&G | 2014 | Vol.61 | pp. 107-123 Gale, L., Skaberne, D.
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Plate 4: 1 Endotebanella bicamerata Salaj in Salaj et al. Thin section 204. | 2 Endotebanella bicamerata Salaj in Salaj et al.
Thin section 200C. | 3 Turriglomina mesotriasica (Koehn-Zaninetti). Thin section 208B. | 4 Duotaxis sp. Thin section 200C. |

5 “Trochammina” jaunensis Brénnimann & Page. Thin section 209. | 6-7 Corrosion of matrix and clasts, followed by deposition
of clear mosaic spar (S). Thin section 200B. | 8 Clear spar (S). Thin section 208A.

Composition and importance of Upper Triassic (Upper Ladinian — Lower Carnian) breccia in stratigraphy of External Dinarides
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The nextlithostratigraphic unit, the Cassian Do-
lomite and Limestone Formation (CDLF) covers
large area, but its lower boundary is faulted. It
consists of light gray medium to thick bedded
micritic limestone, which frequently contains
dasycladaceans and cockade textures. Equally
large area is covered by seemingly massive,
coarse, very porous white dolomite to the west
and south of the studied area (see Buser!*!).
The age of the CDLF is a matter of great contro-
versies, fully explained by Celarc. A Late La-
dinian and Lower Carnian age is assumed after
Pleni¢ar and Premrul®*, and Celarct%.

Along a fresh forest road-cut, a succession of
clast-supported boulder breccias, subordinate
calcarenites, and green and red claystone is ex-
posed. The breccias consist of up to 1.5 m large
blocks of CDLE. The thickness of this succession
is at least 15 m, with individual breccia beds at
least 9.5 m thick. The breccia can be laterally fol-
lowed for at least 100 m, and seems to continue
with several tens of meters thick CDLF body.
The breccia interval, which is here described in
detail, was overlooked by previous researchers
due to the previous lack of fresh road cut and
a strongly karstified surface, which makes the
low amount of matrix poorly visible.

The CDLF is overlain by clastics of the Moho-
rje Formation sensu Dozet!". The Mohorje
Formation in the surroundings of Medvedica
comprises black and red coarse-grained quartz
sandstone, red siltstone, black shale, dark
brown siltstone, thin-bedded, brown, partly do-
lomitized and bituminous limestone, red peb-
bly sandstone with pebbles of lithic grains and
quartz, and red and white, cross-laminated lith-
ic-tuffaceous sandstones. Red, rarely also gray,
oolitic »bauxite« is common in the lower part of
the formation (Pl. 1, Fig. 8). According to divi-
sion by Dozet!, these lithologies correspond to
the Rupe Member from the middle part of the
Mohorje Formation, so a notable stratigraphic
gap between the top of the CDLF and the clas-
tics is assumed. No fossils were recovered from
the Mohorje Formation during our fieldwork.
Julian (i.e., Julian 2)-Tuvalian age was given to
formation by Dozet™. Transition to the Upper
Tuvalian (?) to Norian-Rhaetian Main Dolomite
is gradual, marked by medium-bedded dolo-
mite with a decreasing amount of shale part-
ings between beds upsection (see alsol* ® 121).
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This transition, from the uppermost Selo at Rob
Member of the Mohorje Formation (bedded
dolomite with shale interlayers) to the Main
Dolomite (bedded stromatolitic dolomite),
is exposed along a steep foot-path east of the
studied area, in the vicinity of Pijava Gorica.
The Main Dolomite is distinguished from other
dolomitic units by medium to thick bedding
and the presence of stromatolites (seel®).
Finally, the youngest pre-Quarternary rocks
belong to Lower Jurassic dolomite and bedded
micritic, oolitic and bioclastic limestone, i.e.
Predole beds sensu Dozet (also Krka Lime-
stonel, and Podpe¢ Limestonel*’-391) ,

Materials and methods

The succession of breccias was measured along
a forest road at coordinates: 45° 54’ 44" (lat.),
14° 37’ 23" (lon.) and elevation 410 m above
sea level. Due to several minor faults, the suc-
cession could not be reconstructed entirely.
To avoid misinterpretation, we present the
section in three segments, with no interpreta-
tion of succession (Fig.4). Fourteen thin sec-
tions of size 47 mm x 28 mm and one of size
76 mm x 51 mm were made. Dunham™” clas-
sification was followed in describing their
texture, and semiquantitative comparison
charts™ used to estimate proportion of indi-
vidual components.

Description of section

Coarse breccia

The predominant lithology of the measured
segments is very poorly sorted coarse breccia,
with limestone clasts ranging from less than
1 cm to over 2 m in size (Pl. 1, Figs. 1-2). Bed
thickness varies from a few tens of centime-
tres to over 9 m. Such thick layers may contain
hardly discernible irregular internal surfaces.
Clasts are very angular or may be subrounded.
The amount of matrix is very low. Yellow or red-
dish »haematitic« matrix is knead among clasts
(PL 2, Figs. 1, 7), which are in places in stylolitic
contacts (stylo-breccia). In other cases, gray
spar fills spaces between clasts. Dolomitization
obscured a few layers to various degrees, but

Gale, L., Skaberne, D.



most common. Neomorphically altered mol-
lusk shell fragments, echinoderms, foramin-
ifera, green algae, ostracods and brachiopod
fragments are subordinate. Thin encrusta-
tion by microbiallites is sometimes present.

— In the cementstone, only Tubiphytes is rec-
ognizable. Specimens are oriented approxi-
mately in the same direction, separated by
bladed spar. Rarely, peloidal packstone clings
to Tubiphytes. Cementstone may interchange
with bioclastic-peloidal wackestone to pack-
stone with Tubiphytes in decimetre-thick lay-
ers (Pl 1, Figs. 7-8).

— Washed-out bioclastic-peloidal wackestone,
packstone to grainstone with dasycladacean
algae is the next common clast type (PL 2,
Figs. 5-6). In the field some several centi-
metres long leached-out bundles of dasy-
cladaceans are visible (Pl. 1, Fig. 3). Dasy-
cladacean thalli are in places partly filled
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Figure 4: Geological section of breccia succession.
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composition of clasts can usually be readily ob-
served in thin sections. No fossil remains were
found in the matrix of the breccia. In the clasts,
the following foraminifera were determined:
Turriglomina mesotriasica (Koehn-Zaninetti),
»Trochammina« jaunensis Bronnimann & Page,
Diplotremina placklesiana Kristan-Tollmann,
Tolypammina sp., Reophax sp., Endoteba/En-
dotriada sp., Duotaxis sp., and Duostominidae
(genus Krikoumbilica?).

Clast composition:
— Among clasts, bioclastic-peloidal wacke-

stone, packstone to grainstone with Tu-
biphytes remains is the most common type
(PL. 2, Figs. 2, 8). The matrix is partly win-
nowed away, and the interstices filled with
blocky spar. Peloids and Tubiphytes are the

Few ooids were also noted. Clasts are bound
by blocky spar cement. Clear, mosaic spar
may also be present as the youngest cement,
cutting through older constituents (Pl. 4,
Figs. 6-8).

Composition and importance of Upper Triassic (Upper Ladinian — Lower Carnian) breccia in stratigraphy of External Dinarides
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— A special type of clasts is represented by in-
terchanging bioclastic-peloidal wackestone
to packstone, and microbialitic bindstone,
forming laminated texture. The first type of
laminae is similar to already described mi-
crofacies types: peloids and intraclasts with
Tubiphytes predominate over other clasts
(Tubiphytes, foraminifera, shell fragments,
gastropods). Both types of lamina are rattled
by vugs (30 % of total area), filled in lower
part by calcisiltite and upwards by bioclas-
tic-pelletal packstone, brownish bladed spar
and mosaic spar.

— Oncoid rudstone is the next clast type. Other
grains besides microbialitic oncoids are Tu-
biphytes, echinoderms and shell fragments.

— Coarse dolospar clasts represent completely
dolomitized clasts of variable composition.

Packstone

Subordinate to its coarse-grained variety is
packstone to fine-grained rudstone (Pl 3,
Fig. 1). Bed thickness is from 5cm to 35 cm.
Internal bedding and lamination is sometimes
present, where massive fine grained and in-
versely graded horizons interchange. Allo-
chems are represented by peloids, intraclasts
(mudstone, pelletal packstone, microbial-
ites), Tubiphytes, mollusc fragments, foramin-
ifera (Endotebanella bicamerata Salaj in Salaj
et al.) (Pl 4, Figs. 1-2), echinoderms, brachio-
pod fragments, ostracods, and calcimicrobes.
The partly washed-out matrix is recrystallized
into microspar.

Fine-grained rudstone

In fine-grained rudstone, reddish »haemati-
tic« matrix is squashed between allochems, or
these may be in stylolite contact. Clear blocky
spar cross-cuts clasts and matrix. Allochems
are mostly intraclasts with microbialites, Tubi-
phytes, fuzzy peloids, and rare bioclasts (echi-
noderms, rare and questionable sponges).

Calcitulite (mudstone)

Subordinate to other lithological types is dense,
gray limestone with horizontal lamination.
Bedding is thin, up to 10 cm in thickness.

RMZ - M&G | 2014 | Vol.61 | pp. 107-123

Dolomite

Coarse dolomite completely replaces limestone
in beds of 5-30 cm in thickness. The ghost tex-
ture sometimes points at the original breccia,
or to horizontally laminated limestone, de-
scribed above.

Red and green mudstone

Red and light green, up to 10 cm thick beds of
mudstone are clearly visible in segments A and
B (Pl 1, Fig. 4). The lower bed boundary may be
slightly irregular surface, but this might also be
due to differential compaction or dissolution.
At least one of these layers contains broken
pieces of dolomite, reworked into mudstone
(PL.1, Fig.5). The colour of mudstone may
change laterally, but it is most often red. More
subtle than discrete layers are reddish upper
surfaces of other beds (PI. 1, Fig. 6).

Platform characteristics

Despite its large areal extent!*?, the composition
of platform carbonates of the CDLF received
little attention. Researchers mostly describe
macroscopic aspect of dolomite and limestone,
without much detailed sedimentological inves-
tigation. Platform carbonates are usually dolo-
mitised, and the primary composition is thus
strongly obscured. The majority of information
regarding composition of Late Ladinian-Early
Carnian platforms in the Dolomites area thus
derives from the study of isolated, mostly grav-
ity-displaced blocks (cipits) of the platform rim
and slope, which were sealed from dolomitiz-
ing fluids by the enclosing basinal marls/ 3-8,
Among these, blocks exhibiting boundstone fa-
cies received considerably more attention than
other facies types, which might potentially give
a better glimpse on the platform interior. In the
platform-to-basin transect, Biddle™* succes-
sively shows (from the interior towards basin)
subtidal lagoon and dasycladacean meadows,
intertidal sand shoals, algae dominated reef
flat, organically bound submarine-cemented
reef complex, fore reef breccias and muds, and
finally a basin plain. Reijmer™®! lists a similar
succession of depositional environments: in
the inner platform area, dasycladaceans domi-
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nate over calcimicrobes, peloids, foraminifera,
and micrite lumps; the back reef area is charac-
terized by algal-foraminiferal and sponge-coral
patch reefs; the reef margin with abundant
Tubiphytes, other microproblematica, peloids
and »evinosponges«, and the transition to the
upper slope with encrusting sponges, corals,
peloids and diverse skeletal grains (including
dasycladaceans, gastropods, and Tubiphytes)
follow. Reijmer™, however, focused his atten-
tion on composition of fine-grained slope/ba-
sin resediments, with grains of predominantly
margin and slope origin. A more detailed analy-
sis of the platform top itself is given by Seeling
et al.®%on the example of Concarena buildup. In
the lagoon area, Seeling et al.>% describe a reg-
ular alternation of peritidal carbonate cycles.
Tubiphytes framestone and early marine ce-
mentation were found characteristic for tran-
sition from the lagoon to the back reef area. A
monotonous cyclic sedimentation of subtidal,
peritidal and supratidal carbonate was noted
also by Trombetta*® and Keim and Schlagerfl.
Missoni et al.b?! recently investigated Wetter-
stein-type carbonate platform in Serbia. They
could not recognize the platform top, but they
do mention abundance of Tubiphytes in Ladin-
ian to Lower Carnian platform carbonates. Ac-
cording to Bole™ the Wetterstein Limestone
and Dolomite of the Peca massive deposited
in back-reef and reef setting. The former con-
tains intraclastic-bioclastic, and intraclastic-
bioclastic-peloidal wackestone and packstone,
as well as limestone and dolomite with stro-
matolites. Among bioclasts, codiaceans are the
most common, followed by bivalve fragments,
foraminifera and echinoderms. The reef car-
bonate is built by corals, sponges and also mi-
croproblematica. Oncoids are present in almost
all facies. In Ladinian-Carnian reef of Calabrian
Apennines, Boni et al.”¥ distinguished between
the reefal boundstone facies with sphinctozoan
sponges, biogenic crusts, Tubiphytes, other mi-
croproblematica and rare corals, the fore-reef
debris rudstone facies, and the dasycladacean
packstone-grainstone back-reef facies. Accord-
ing to Boni et al.®¥, this reef association is simi-
lar to the Wetterstein limestone of the Northern
Calcareous Alps. The importance of microprob-
lematica at the Wetterstein platform edge was

also noted by Brandner and Resch®®, Fligel®>),
Henrich®”l, and Dullo and Lein®. Tubiphytes
and other microproblematica, however, are as-
sociated with sphinctozoan sponges and corals,
none of which were found in Medvedica.

To finally summarise, for the time-equivalent
platforms a cyclic peritidal sedimentation is
characteristic for the innermost platform. No
such clasts were found in the Medvedica brec-
cia. The wackestone/packstone with dasycla-
daceans microfacies type fits well into the inner
platform/lagoon area, while the enrichment
with Tubiphytes probably better corresponds
to a slightly more outer position, closer to the
reef margin in the Cassian Dolomite model. On-
coid rudstone and more grainy varieties may
be placed even slightly more towards higher-
energy environment of the back-reef area. Tak-
ing the predominance of dasycladacean and Tu-
biphytes rich clasts into account, sedimentation
is considered to take place in the transitional
zone between the lagoon and the back-reef
area or, alternatively, in the internally differen-
tiated lagoon with swells.

Stratigraphic position and genesis
of breccia

As already noted, the stratigraphic position of
the breccia succession remains dubious due to
coverage. The lower boundary is currently in-
terpreted as fault-bound, while the succession
seems to continue with the unbreciated CDLF
(Fig. 2). The lithology itself gives little oppor-
tunity for a more precise determination of age,
rather than on the basis of superposition. The
only foraminifera found within the matrix in
Medvedica is E. bicamerata, with stratigraphic
range from Anisian®® to Norian!®” ¢ or even
Rhaetian®?. Endotebanella bicamerata is the
usual element of Middle Triassic assemblages
present within clasts/®®, so the assemblage
within breccia clasts is not markedly differ-
ent (that is within stratigraphic resolution of-
fered by foraminifera at the time), despite the
fact that truncation of calcite veins at the edges
of clasts suggests a complete lithification of
limestone and their tectonic deformation pri-
or to brecciation. Turriglomina mesotriasica,
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restricted to Anisian and Ladinian'®3, provides a
pre-Carnian (at most Lower Julian) age of CDLFE.
Unfortunatelly, we did not try to determine
dasycladaceans. The uppermost boundary of
the entire CDLF is represented by clastics, vari-
ously named as Borovnica bedsf' 3% ¢4, Grosu-
plje-Orle beds!®?, Raibl beds!® %1 Zaplaz For-
mation®®, or as Mohorje Formation!. Bivalves
found in the lower part of these beds include
Lopha montiscaprilis (Klipstein) (Umbrostrea?
montiscaprilis in Szente et al.°®), indicative for
the uppermost Julian!®”, The measured succes-
sion may thus be very conservatively placed
between the uppermost Ladinian and the up-
permost Julian.

Poor sorting, angularity of clasts, and small
amount of matrix point at short transport of
clasts. Green and red mudstone point at subaer-
ial exposure. Mudstone seems to correspond to
residual clay in Durn et al.l%®l. The breccia can
be thus interpreted as emersion breccial®® 7%,
or as dissolution breccia accumulated on sub-
aerially exposed surfacel®®. The repeated oc-
currence of emersion levels (residual clay) on
upper bedding planes, as well as rare intercala-
tions of micritic and calcarenitic beds, however,
point at oscillating, rather than a single drop
of sea level, and the lack of bauxite deposits
similarly discredit a longer-lasting emergence.
Foraminifera, found in calcarenite, thus point at
intervals of re-flooding of the surface.

An example of megabreccia, formed concor-
dantly on platform top, has been reported
by Gianolla et al.”%. According to Spence and
Tucker!”?, megabreccia may form on the plat-
form-top during subaerial emergence due to
the increase in stress on the sediment as the
interstitial pore-water drains from the system.
However, this example was set for the unlith-
ified sediment, while clasts composing brec-
cias in Medvedica show marks of complete
lithification of limestone before brecciation.
An explanation for this may be found in very
early lithification of Ladinian - earliest Car-
nian platform carbonates, largely governed by
microbes!*”-50.73. 741 The third model for forma-
tion of megabreccias may be cliff erosions.
This model, however, requires tectonic activity,
which would create steep relief.
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The importance of emersion
surfaces for correlations

Emergence horizons are a valuable marker as
they allow precise subdivision and dating of
similarly looking dolomitized platform carbon-
ates which would otherwise prove to be impos-
sible to distinguish* 7. Moreover, as emer-
gence often results from eustatic sea-level drop,
it may become possible to correlate lithostrati-
graphic units on at least regional scale”"l. De-
spite the lack of relative sea level curves in
the northern External Dinarides, to which the
Medvedica area belongs, we may resort to the
sequence stratigraphy set for the Southern
Alps area. According to Gianolla et al.”Y and
De Zanche et al.’% the time frame from Late
Ladinian to end-of-Julian in the Southern Alps
comprises four sequence stratigraphic cycles,
with systems boundaries marked on the plat-
forms by emersions. The Carl depositional
sequence (Late Langobardian to Early Julian)
represents a time-frame for deposition of the
Cassian Dolomite 1 platform carbonates. Its up-
per sequence boundary separates the Cassian
Dolomite 1 from the Cassian Dolomite 2%, The
next sequence, Car2, comprises the entire Cas-
sian Dolomite 2 platform, ranging in age from
Early Julian to the latest Julian. At the end of this
sequence, the intraplatform basins were partly
levelled-out due to a high export of carbonate
from the platform. The following sequence,
Car3, lasting until the Early Tuvalian, saw the
final filling of the remaining intrabasinal space.
During this time, shallow-water siliciclastic-
carbonate sediments of the Diirrenstein Forma-
tion (sensu De Zanche et al.’®") deposited. The
lower system boundary is marked by erosion
and carstification of the Cassian Dolomite 2
platform, while the upper one represents an
erosional surface separating peritidal dolomite
of the uppermost Diirrenstein Formation from
the overlying clastics of the Raibl Formation
(Car4) sensu De Zanche et al."®l.

Within the given time frame, the observed
breccia level most likely correlates with the
upper sequence boundary of the Carl deposi-
tional sequence. This interpretation would be
supported by the overlying CDLF in the same
tectonic block. In should be mentioned, how-
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ever, that the changes in relative sea level de-
pend not only on the eustasy, but are also under
the influence of local tectonics!””). Emergence of
shallow platform may thus also result from the
interplay of factors operating on a much more
narrow area.

Towards the sequence
stratigraphic framework

Breccias of similar composition to the one de-
scribed in this paper, but located on top of the
CDLF, were described by Dozet and Godec?,
Ramovs®, Buser™, Dozet!'t 23 7?1 Plenicarl®,
and Jelen!®, Like the Medvedica breccia, these
consist of angular, often very large clasts of
CDLF in reddish matrix, but they differ in lack-
ing intermediate autochthonous carbonates
and are overlain by fine-grained clastics. They
are often described as being positioned above
the erosional surface on top of the CDLF and
associated with bauxite, so they too represent
emergence horizons (seel?!). Despite the lack
of fossil evidence form the breccia matrix itself,
they are considered as lowermost Julian 2 to
Tuvalian in age> .

In our opinion, this breccia on top of the CDLF
marks the second and final emergence of the
CDLF platform and correlates with the up-
per sequence boundary of the Car2 (the lower
boundary of the Car3) depositional sequence of
the uppermost Julian. Alternatively, it could be
positioned at the lower sequence boundary of
the Car4 depositional sequence!”>7l, In the first
case, the emergence lasted through the entire
Car3 sequence, which is thus completely miss-
ing, through the lowstand systems tract of the
Car4 depositional sequence, and perhaps also
through part of its transgressive systems tract.
This emergence phase is thus sufficiently long
to allow for the formation of bauxite (see).
Alternatively, considering option of correlation
with the lower boundary of the Car4 sequence,
part of the older sequences may be eroded.
However, the latter option does not allow for
a time gap necessary for formation of bauxite,
formation of which also requires humid and
warm climate conditions!®!!, which became es-
tablished soon or at the platform demisel8% %3,

Correlation of the emergence level on top of
the CDLF platform in the northern External Do-
lomites with the Southern Alps is much more
reliable as the Carl sequence boundary, as it
marks the sea-level drop of the second order,
a regionally much more widespread event®*#l,
For example, the cessation of platform growth
and Kkarstification in Julian is correlatable in the
Northern Calcareous Alps, in the Carpathians
and also in Serbia®?.

Concluding remarks

In the area of Medvedica (central Slovenia, Ex-
ternal Dinarides), a succession of breccia beds
separated by medium-thick limestone or do-
lomite and mudstone beds was investigated.
Breccia consists of clasts belonging to Cassian
Dolomite and Limestone Formation. Its lower
boundary is presumably faulted, while it con-
tinues upwards into the Cassian Dolomite and
Limestone Formation. Mudstone beds and
weathered bed surfaces point at subaerial
exposure. The breccia is thus interpreted as
emersion breccial®” 7%, or as dissolution brec-
cia accumulated on subaerially exposed sur-
facel®®. The emergence of platform top is cor-
related with the upper sequence boundary of
the Southern Alps’ Carl depositional sequence
of Late Ladinian age!”*7°l. The emergence, how-
ever, could also result from local tectonics!’”.,
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Izvlecek

Obravnavana sta prereza levih rudistnih lupin s
poboc¢ja Nanosa. Oba prereza pripadata Skoljkam iz
druzine Hippuritidae. Morfologija prerezov je znacilna
za rod Vaccinites.

Klju¢ne besede: skoljke, hipuriti, Vaccinites, Nanos,
Slovenija

Abstract

Two cross-sections of left rudist valves from the slope
of Nanos Mountain are discussed. Both specimens be-
long to family Hippuritidae. Morphology of cross-secti-
ons is characteristic for genus Vaccinites.

Key words: bivalves, Hippuritids, Vaccinites, Mount Na-
nos, Slovenia
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Uvod

Dolgo smo razmisljali o ustreznem paleontolo-
Skem prispevku ob proslavi 90. obletnice aka-
demika prof. dr. Maria Plenicarja. Ker se je sla-
vljenec mnogo let ukvarjal tudi z raziskavami
rudistov v Sloveniji in tujini, saj je prvi ¢lanek
o rudistih napisal pred 60 leti (Pleni¢ar 1954),
smo nasli dva zanimiva in strokovni javnosti
Se ne predstavljena rudista, ki bosta upravicila
nas namen in sta Ze nasla svoje mesto v Solski
paleontoloski zbirki Oddelka za geologijo.
Generacija Studentov geologije 2010/2011 je
imela v Studijskem letu 2012 Fakultete za nara-
voslovje in tehnologijo terenske vaje. Studenti
so pregledovali apnence na pobocju Nanosa,
Kjer so iskali fosilne ostanke. Timotej Pepelnik
s Ptujske Gore 58 je preklal vecji kos apnenca,
v katerem je naletel na razmeroma dobro ohra-
njena ostanka dveh levih lupin rudistnih skoljk.
S soavtorjem sva si 9. oktobra 2014 ogledala
najdiSce na Nanosu in hotela poiskati Se desni
lupini istih primerkov (tab. 1, sl. 1a-1b). Njunih
desnih lupin Zzal nisva nasla, sva pa ugotovi-
la, da je bil kos z levima lupinama odvzet zelo
blizu oziroma iz apnencev z brahiopodi, mor-
skimi jezki in rudisti. Plenicar (1961: 28-29)
je na zgornjem robu planote Nanosa nasel
brahiopode, ki jih je pripisal vrsti Rhynchonel-
la contorta d’Orbigny, tamkajSnje sive radioli-
tne apnence pa uvrstil v senonij. Radulovi¢ in
Motchurova - Dekova (2002: 112-121, tab. 1,
sl. 7-8) uvrscata brahiopode z Nanosa k vrsti
Cyclothyris ? globata (Arnaud, 1877), apnence v
njihovem najdiSc¢u pa k spodnjekampanijskim.
Primerki iste vrste so najdeni tudi v spodnje-
kampanijskih plasteh na otoku Bracu in v Guci
v zahodni Srbiji.

Ker smo hoteli ugotoviti ustrezne taksone za
najdene rudiste, smo najprej pregledali vzor-
ce le-teh, ki so v Studijski paleontoloski zbirki
Oddelka za geologijo Naravoslovnotehniske fa-
kultete. Ogledali smo si razstavljene primerke
v vitrinah in druge v predalih. V vitrini s Stevil-
ko 10 smo nasli primerljiv primerek rudista,
ki pripada vrsti Hippurites chaperi (Douvillé).
Skoljka ima inventarno $tevilko 4030. Ko smo
navedeno Stevilko preverili v »Inventarskem
zapisniku za okamenine in kamenine III b.« Se
nekdanjega GeoloSko-paleontoloskega insti-
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tuta Univerze v Ljubljani z letnico 18. 2. 1946,
ki je Se vedno v rabi v Studijski paleontoloski
zbirki Oddelka za geologijo, smo na strani 117
pri Stevilki 4030 ugotovili zapis Hippurites cf.
chaperi Douvillé in da sta bila pri Nabrezini v
[taliji najdena dva kosa santonijskih rudistov,
med najditelje ali morda samo posrednike je
zapisan g. BoStjancic.

V PlenicCarjevem katalogu o krednih rudistih
Slovenije (2005: 210-211, tab. 93, sl. 1) je zapi-
sano, da je primerek z inventarno Stevilko 4030
najden v vasi Avber na TrZasko-Komenski pla-
noti, kar ne ustreza podatkom v »Inventarskem
zapisniku« Studijske zbirke.

Paleontoloski del

Classis Bivalvia Linné, 1758

Subclassis Pachyodonta (Heterodonta Neumayr, 1884)
Ordo Rudistae Lamarck, 1819 (Hippuritoida Newell, 1965)
Superfamilia Hippuritacea Gray, 1848

Familia Hippuritidae Gray, 1848

Genus Vaccinites Fischer, 1887

Material

Vedji kos sivega zgornjekrednega apnenca ve-
likosti 215 mm x 145 mm x 105 mm z dvema
rudistnima prerezoma. Kos je nasel leta 2012
Student geologije Timotej Pepelnik na pobocju
ob cesti, ki pelje na Nanos. Vzorec je bil odvzet
blizu apnencev z brahiopodi.

Opis

Najdena sta dva vbocena spodnja prereza zgor-
nje - leve lupine z deloma ohranjenimi stebric-
ki. Spodnji manjsi primerek (tab. 1, sl. 1b) ima
zelo lepo ohranjen morfoloski vzorec zgornje
lupine, kjer vidimo radialno rebratost ali arma-
turo z dvakratno bifurkacijo. Stevilna radialna
rebra so v povezavi z vzdolzno, gosto rebrato-
stjo druge spodnje lupine. Pri zgornjem vec¢jem
primerku (tab. 1, sl. 1a) se vzorec zgornje lupi-
ne izgublja, torej gre za nizji prerez, ki je Ze de-
loma v spodnji lupini. Na drugem zgornjem pri-
merku se lepsSe vidijo zajede stebrickov in gube,
Skrznega ali drugega stebricka (E), analnega ali
prvega stebricka (S) in ligamentne gube (L) ter
zunanji obrisi vmesnih kanalov. Stena lupin je
razmeroma tanka.

Mikuz, V., Soster, A.



Tabla 1: Vaccinites sp. v zgornjekrednem apnencu z Nanosa.
1a Prerez zgornje ali leve lupine prvega primeka, premer

70 mm x 68 mm | L = ligamentna guba | S = prvi ali analni
stebricek | E = drugi ali Skrzni stebricek | 1b Prerez leve lupine
drugega primerka rodu Vaccinites, premer 65 mm x 65 mm

Primerjava

Rudistna prereza z Nanosa smo primerjali s
primerkom iz Studijske paleontoloske zbirke z
inv. §t. 4030. Morfoloski vzorec spodnjega dela
leve lupine se dobro ujema z znacilnostmi po-
vrSine zgornje lupine primerka iz paleontolo-
Ske zbirke. Tudi velikosti premerov se dobro
ujemamjo. Zal se vzdolZna rebratost spodnje
desne lupine vidi samo na ozkem robu, ki pa ni
taksna kot pri vrsti Vaccinites chaperi. Ta vrsta
ima zelo Stevilne in tanke vzdolzne linije, nas
primerek z Nanosa pa izkazuje manj in debelej-
Se vzdolzne linije. Vseeno mislimo, da primerka
z Nanosa pripadata vrsti Vaccinites chaperi.

Ostanka hipuritov z Nanosa

Problematika

Plenic¢ar (2005: 210) v obsezZni sinonimiki vr-
ste Vaccinites chaperi pise, da je vrsto postavil
Munier-Chalmas leta 1897 in ne Douvillé istega
leta. V seznamu njegovih uporabljenih virov ni
dela Munier-Chalmasa z letnico 1897, Ceprav
avtor v sinonimiki citira, da je vrsto Hippuri-
tes chaperi prvi poimenoval Munier-Chalmas.
Sprasujemo se, zakaj se pripisuje avtorstvo vr-
ste Vaccinites chaperi Douvilléju.

Opomba: Plenicar (1975: 98-99; 2005: 210-211) je doloceval primerke vrste Vac-
cinites chaperi po pre¢nem prerezu in zunanjih znacilnostih, torej po glavnih ter
klju¢nih dolocevalnih merilih.V delu iz leta 2005 (211: tab. 93, sl. 1) prikazuje primerek
zinv. $t. 4030 iz Solske Paleontoloske zbirke Oddelka za geologijo in primerek z inv. st.
1604 iz zbirke Prirodoslovnega muzeja Slovenije (Plenic¢ar 2005: 211, tab. 93, sl. 2)

Stratigrafska in geografska razsirjenost
Milovanovi¢ (1934: 202) piSe, da je tipicen pri-
merek vrste Hippurites (Vaccinites) chaperi
Douvillé najden v Gr¢iji v santonijskih skladih.
Najdeni so Se v Franciji, v Furlaniji in Istri. Nada-
lje Se poroca, da so v najdiscih bivse Jugoslavije
primerki te vrste najdeni skupaj z vrsto Vaccini-
tes cornuvaccinum. Plenic¢ar (1975: 99) in Ple-
nicar (2005: 210) poroca, da so primerki vrste
Vaccinites chaperi ugotovljeni v santonijskih in
kampanijskih skladih Slovenije pri vasi Avber
na Trzasko-Komenski planoti in blizu vasi Rav-
nica na Trnovskem gozdu. Vrsta je registrirana
tudi v enako starih kamninah Italije (Aurisina -
pri NabreZini), Francije, Hrvaske (Istra), Gr¢ije,
v juznem delu Bosne in Hercegovine, Srbije in
Romunije. Pleni¢ar (2009: 275-277) apnence
na Nanosu, na Trnovskem gozdu in na Trzasko-
-Komenski planoti uvrsca k zgornjekrednim pla-
stem med turonijem in danijem. Plasti cenocone
s foraminifero Keramosphaerina tergestina (Sta-
che) je znacilna za zgornji santonij-kampanij.
Jurkovsek, Cvetko TeSovi¢ in Kolar - Jurkovsek
(2013: 158) apnence s foraminifero Keramo-
sphaerina tergestina (Stache) blizu Krajne vasi
na Krasu uvrscajo v santonij.

Plenicar (2008: 153-155) piSe, da jugozahodni
del Slovenije s svojimi zgornjekrednimi rudistni-
mi zdruZbami plitvega in toplega morja spada k
dinarski karbonatni platformi. V paleogeograf-
skem pogledu pa so ti zgornjekredni apnenci del
Apulijsko-Tauridske intraoceanske podprovince
oziroma velike centralne Tetidine province.
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Sklepi

Prereza levih rudistnih lupin z Nanosa (tab. 1,
sl. 1a-1b) zanesljivo pripadata primerkoma iz
druzine Hippuritidae oziroma k rodu Vaccinites.
Radialna armaturna rebratost je zelo primer-
ljiva z rebratostjo leve lupine vrste Vaccinites
chaperi (Douvillé, 1897). Ker nimamo ostankov
desnih lupin in njihovih prerezov z odlocilnimi
morfoloskimi znacilnostmi obeh stebrickov in
ligamentne gube, ne moremo podati ustrezne
vrstne dolocitve.

Zahvala

Studentu Timoteju Pepelniku se zahvaljujemo
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Izvlecek

V prispevku je obravnavana rudistna Skoljka, ki je
bila najdena na obmocju Rogoznice v Dalmaciji. Ugo-
tovljeno je, da pripada vrsti Vaccinites cornuvaccinum
(Bronn, 1831). Tovrstni hipuriti so tam pogostni v
zgornjekrednih santonijsko kampanijskih apnencih. Po
novejsih podatkih stroncijeve izotopske stratigrafije je
vrsta znacilna za najmlajsi turonij - srednji kampanij.

Kljuéne besede: skoljke, rudisti, hipuriti, zgornja
kreda, Rogoznica, Hrvaska

Abstract

The paper discusses with the rudist bivalve found on
the region of Rogoznica in Dalmatia, Croatia. Specimen
belongs to Vaccinites cornuvaccinum (Bronn, 1831).
Species often appers in the Upper Cretaceous lime-
stones of Dalmatia. According to recent SIS data the
species chronostratigraphical range is uppermost Tu-
ronian to middle Coniacian.

Key words: bivalves, rudists, hippuritids, Upper Creta-
ceous, Rogoznica, Croatia
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Uvod

Prispevek posvecamo akademiku dr. Mariu
Plenicarju, ki je letos avgusta praznoval svoj
jubilejni 90. rojstni dan. Ker se je skoraj 60 let
ukvarjal z raziskavami rudistov in drugih kre-
dnih $koljk v Sloveniji, v drugih takratnih repu-
blikah bivse Jugoslavije in v tujini, smo se odlo-
Cili za predstavitev rudista iz Dalmacije.
Decembra 2008 je dr. Mirjan ZorZ prinesel fosil-
ni ostanek, ki ga je poleti istega leta nasla gospa
Simona Kozin blizu Rogoznice v Dalmaciji. Ko
sta izvedela, kaj sta nasla oziroma posredova-
la, se je najditeljica odlocila, da ostanek rudista
podarita Studijski paleontoloski zbirki Oddelka
za geologijo.

Po daljSem premoru smo se lotili raziskav dal-
matinskega rudista. Narediti smo morali prec-
ne prereze zaradi odlocilnih dolo¢evalnih meril
pri rudistih: poloZaja, velikosti in oblikovanosti
ligamentne gube in dveh za rudiste funkcional-
nih stebrickov.

Geoloske razmere v okolici
Rogoznice

Po podatkih Magas$a in Marincic¢a (1973: 12-13)
ozemlje Rogoznice, ki je med PrimoStenom in
Splitom, v strukturnem in geotektonskem smi-
slu pripada k Zunanjim Dinaridom. Tektonika je
ustvarila luskasto zgradbo, ki je nastala v lara-
mijski in pirenejski fazi alpske orogeneze. Oze-
mlje Rogoznice uvr§cajo k drugi tektonski enoti
Primosten-Trogir-Split, ki je na severu omeje-
na s Kozjaskim prelomom, na jugu je prekrita z
morjem in je v stiku s tektonsko enoto srednje-
dalmatinskih otokow.

V tej tektonski enoti so zgornjekredni senonij-
ski masivni, plastnati do ploSc¢asti apnenci in
apnencasti dolomiti, ki so nastali s poplitve-
njem takratnega sedimentacijskega bazena.
Na drugi strani pa so takratne toplejSe klimat-
ske razmere omogocale hiter razvoj rudistnih
Skoljk, predvsem hipuritov. Zgornjekredne sto-
pnje so dolocene in dokumentirane s hipuriti.
Plenicar (2008: 154) uvrsca zgornjekredne ru-
distne zdruzbe tega dela Dalmacije k dinarski
karbonatni platformi s plitvim in toplim mor-
jem, v paleogeografskem smislu pa v centralno
Tetidino provinco.
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Paleontoloski del

Classis Bivalvia Linné, 1758

Subclassis Heterodonta Neumayr, 1884
Ordo Hippuritoida Newell, 1965
Superfamilia Hippuritacea Gray, 1848
Familia Hippuritidae Gray, 1848

Genus Vaccinites Fischer, 1887

Vaccinites cornuvaccinum (Bronn, 1831)
Tab. 1, sl. 1 a-c; tab. 2. sl. 1-8

1934  Hippurites (Vaccinites) cornu-vaccinum Bronn - Milovanovi¢,
215-218,sl. 16

p.1934 Hippurites (Vaccinites) vredenburgi Kiihn. - Milovanovic,
218-220,s1.17

1961  Hippurites (Vaccinites) cornuvaccinum Bronn var. gaudryi (Mun.-Ch.)
Kiihn - Plenicar, 54-56, 12 risb

p. 1962 Hippurites vredenburgi v. occidentalis n. var. - Grubi¢,
131,s1.17

1963  Hippurites (Vaccinites) cornuvaccinum Bronn - Polsak,
436,tab. 1,sl. 1

1975  Hippurites (Vaccinites) cornuvaccinum Bronn, 1832 - Plenicar,
100, tab. 15, sl. 2-3

2005 Vaccinites cornuvaccinum (Bronn, 1831) - Plenicar,
212-213,tab. 94,sl. 1

p. 2005 Vaccinites cornuvaccinum var. gaudryi (Munier-Chalmas, 1867)
Kiihn, 1945 - Plenicar, 214-215, tab. 95, sl. 2

2013 Vaccinites cornuvaccinum Bronn. - Jurkovsek, Cvetko TeSovi¢

& Kolar -Jurkovsek, 156-157, sl. 3-4

Tabla 1: Vaccinites cornuvaccinum (Bronn, 1831)

1a Rogoznica v Dalmaciji, desna lupina, visina 192 mm |
1b isti primerek z druge strani | 1c precni prerez spodnje
lupine istega primerka, velikost premera 77 mm X 67 mm

Mikuz, V., Horvat, A.



Tabla 2: Vaccinites cornuvaccinum (Bronn, 1831); Rogoznica v Dalmaciji

1 Spodnja povrsina 1. rezine, premer 62 mm X 52 mm | 2 Zgornja povrsina prve rezine | 3 Zgornja povrsina 2. rezine,
premer 69 mm x 56 mm | 4 Zgornja povrsina 3. rezine, premer 77 mm x 56 mm | 5 Zgornja povrsina 4. rezine, premer
75 mm x 55 mm | 6 Zgornja povrsina 5. rezine, premer 76 mm x 58 mm | 7 Spodnja povrsina 6. rezine, premer

86 mm x 67 mm |8 Zgornja povrsina 6. rezine

Kredna rudistna skoljka iz Rogoznice v Dalmaciji na Hrvaskem

131



132

Material

Primerek desne lupine je najden ob kamniti
Skarpi na njivi pri Rogoznici med PrimoStenom
in Trogirjem v Dalmaciji. Nasla ga je leta 2008
gospaSimona Kozin, ko je bilatamnapocitnicah,
na Oddelek za geologijo ga je posredoval dr.
Mirjan Zorz konec decembra 2008.

Opis

Ohranjeno je kameno jedro spodnje lupine, ki je
po vecini odstranjena. Ponekod je tanka lupina
Se ohranjena. Rudist je razmeroma velik in v
obliki rahlo ukrivljenega roga. Ima odlomljena
zgornji del in spodnji prirastni del. Vzdolzno
potekajo ne prevec izrazita rebra, ki so ponekod
prekinjena s pre¢nimi prirastnimi lamelami.
Na precnem prerezu (tab. 1, sl. 1c; tab. 2, sl. 8)
je na levi strani ligamentna guba (L), ki je tanka
in podolgovata. Sledi prerez analnega ali prvega
stebricka (S), ki ima ovalno obliko glave, njegov
kratek pecelj je odlomljen. Povsem na desni
strani je prerez drugega ali Skrznega stebricka
(E), ki ima daljsi pecelj in elipsasto do kapljasto
obliko glave. Razdalja L-S ni bistveno vecja od
razdalje S-E.

Terminologija nekaterih klju¢nih notranjih
morfoloskih elementov (L, S, E), ki so navadno
dobro ohranjeni, je razlicna in do neke mere
nedosledna. Primeri, ki so jih uporabljali
razli¢ni avtorji, so navedeni v tabeli.

Prerezi rudista iz Rogoznice na tabli 2 so po-
kazali, da so mogoce kar velike razlike v obliki
in poloZaju stebrickov S in E, deloma tudi liga-
mentne gube L. Najvecje razlike lahko opazuje-
mo med prerezi 2 in 3 ter 3 in 4, najbolj ociten je
prerez 3, Kjer se stebricka zelo zbliZata. TakSne
razlike opazujemo predvsem pri nekaterih pri-
trjenih ali fiksosesilnih organizmih iz skupin
koral, skoljk, polzev, ramenonoZzcev, kolobarni-
kov itd., kjer lahko pri isti vrsti opazujemo mor-
foloske razlike med njimi. Torej lahko pri vseh
nastetih skupinah organizmov pri¢akujemo
tudi primere nekakSnega strukturno-morfolo-
Skega odklona ali aberacije.

L S

Primerjava

Milovanovi¢ (1934: 220, sl. 16 in 17) prikazuje
prereza spodnje lupine vrste Hippurites (Va-
ccinites) cornuvaccinum in H. (V.) vredenburgi.
Ligamentna zajeda (L), prvi stebricek (S) in
drugi stebricek (E) se oblikovno, poloZajno in
velikostno zelo lepo ujemajo z ustreznimi zna-
Cilnostmi primerka iz Rogoznice. PolSak (1963:
436, tab. 1, sl. 1-2) prikazuje hipuritna prere-
za iz lokacij Plitvi¢ki Klanac in Skorin vrh, ki
sta zelo primerljiva s primerkom iz Dalmacije,
le velikost in obris prereza se nekoliko razli-
kujeta. Plenicar (1975) na tabli 15 prikazuje
primerke vrste Hippurites (Vaccinites) cornuva-
ccinum Bronn, na tablah 16 in 17 pa podvrste
H. (Vaccinites) cornuvaccinum gaudryi (Munier-
-Chalmas), ki so zelo podobne vrsti Vaccinites
cornuvaccinum. Vsi primerki z omenjenih tabel
so zelo primerljivi s primerkom iz Rogoznice v
Dalmaciji. Veliko primerljivost ugotovimo tudi
s primerkoma z Nanosa in iz okolice Senoze¢
(Plenic¢ar 2005: 237, tab. 106, sl. 3, 4). Risbe
prerezov vrste Vaccinites cornuvaccinum, ki
jih prikazujejo Moro in sodelavci (2010: 619,
sl. 3/4; 621, sl. 4/24-25; 627, sl. 7/1-3 in 630,
sl. 9/1-4, 24-25) ustrezajo prerezom primerka
iz Rogoznice.

Stratigrafska in geografska razsirjenost

Milovanovi¢ (1934: 215-218, sl. 16) opisuje
vrsto Hippurites (Vaccinites) cornuvaccinum
Bronn iz santonijsko-kampanijskih plasti med
Novim Pazarjem in Kosovsko Mitrovico ter iz
Stare RaSke v Srbiji. Nadalje piSe, da so vrsto
ugotovili v skladih zgornjega santonija in spo-
dnjega kampanija v severnih apneniskih Alpah,
pri Nabrezini, v Gr¢iji in v Srbiji na poti med
Novim Pazarjem in Kosovsko Mitrovico. Pleni-
Car (1961: 56) poroca, da so primerke podvrste
Hippurites (Vaccinites) cornuvaccinum gaudryi
nasli v koniacijsko-santonijskih skladih pri
Senozecah in Gorjupu. Grubiéeva (1962: 131)
podvrsta Hippurites vredenburgi occidentalis,
ki je v marsi¢em podobna vrsti Vaccinites cor-

E Avtorji

ligamentni nabor prvi glavni stubic

drugi stubi¢ Milovanovi¢, 1934

ligamentni nabor prvi stupic

drugi stupié Polsak, 1963

ligamentni stebricek analni stebricek

Skrzni stebricek Plenicar & Jurkovsek, 1998

Ligamentary pillar (PO) P1

P2 Steuber, 2003

ligamentni greben zadnji stebricek

prednji stebricek Plenicar, 2005
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nuvaccinum je bila najdena v santonijsko-kam-
panijskih skladih na juZnovzhodnem pobocju
Kopaonika v Srbiji. Polsak (1963: 437-438)
opisuje primerke vrste Hippurites (Vaccinites)
cornuvaccinum iz Kkoniacijsko-kampanijskih
skladov v okolici Plitvickih jezer. Magas in Ma-
rin¢i¢ (1973: 20-21) porocata, da so na oze-
mlju med PrimoStenom in Splitom tudi apnenci
santonijsko-kampanijske starosti, ki so izredno
bogati z makrofavno. Prevladujejo hipuriti,
ugotovili so Stevilne oblike (okrog 22), med nji-
mi so tudi vrste Hippurites (Vaccinites) cornu-
vaccinum, H. (V.) cornuvaccinum gaudryi in H.
(V) vredenburgi. Plenicar (1975: 100-101) opi-
suje primerke vrste Vaccinites cornuvaccinum
iz zgornjesantonijskih in spodnjekampanijskih
skladov Nabrezine pri Trstu in Tomaja. Sicer pa
je vrstarazSirjena v vzhodnih Alpabh, v Gr¢iji, Sr-
biji, Liki, Bosni in Istri. Moro & Cosovi¢ (2000:
62-63) omenjata primerke rodu Vaccinites iz
santonijskih skladov z juga Istre na Hrvaskem.
Moro, Skelton & Cosovié¢ (2002) so raziskovali
tudi rudiste z Jadransko-dinarske karbonatne
platforme. Primerjali so razmere krednih naj-
dis¢ iz juzne Istre in otokov Olib in Brac¢. Hipu-
rite iz rodu Vaccinites omenjajo iz juzne Istre in
z otoka Braca, na Olibu pa jih niso nasli. Moro,
Skelton & Cosovi¢ (2002: 506,sl. 12) prikazu-
jejo, da so rudisti rodu Vaccinites na jadranski
karbonatni platformi prebivali na obmocju
zunanjega Selfa. Pleni¢ar (2005: 212-213)
predstavlja primerek vrste Vaccinites cornu-
vaccinum (Bronn, 1831) iz santonijsko-kam-
panijskih skladov Tomaja. V zahodni Sloveniji
je veliko najdis¢ te vrste (Storje, Brje, Kopriva,
Solkan, GrizZe, Trnovski gozd), ugotovljeni so Se
v enako starih skladih Istre, Like, Bosne, Srbije,
Grcije, Albanije, Romunije in v vzhodnih Alpah.
Jurkovsek, Cvetko TeSovi¢ & Kolar - Jurkovsek
(2013: 69, 156-157) vrsto Vaccinites cornuva-
ccinum predstavljajo na Krasu med fosilnimi
ostanki lipiske formacije santonijsko-kampa-
nijske starosti.

Steuber (2003) je na osnovi numeric¢nih staro-
sti stroncijeve izotopske stratigrafije mnenja,
da je treba santonijsko-kampanijsko starost
vrste Vaccinites cornuvaccinum revidirati, saj se
vrsta prvic pojavi na bazi koniacija (88,16 mili-
jonov let). Koniacijsko-santonijsko starost kro-
novrste Vaccinites cornuvaccinum - V. chaperi

Kredna rudistna skoljka iz Rogoznice v Dalmaciji na Hrvaskem

pripisujejo Steuber in sodelavci (2005) tudi
primerkom z otoka Braca v Dalmaciji na Hrva-
Skem. Moro s sodelavci (2010) vrsto, najdeno
v severnohrvaskih nahajalis¢ih Medvednice,
na osnovi stroncijeve izotopske stratigrafi-
je uvrsca v spodnji del kampanija (82,00-77,
60 milijonov let). Steuber in Schliiter (2012) na
obmocju Jadransko-dinarske karbonatne plat-
forme uvrscata vrsto v biocono Vaccinites cor-
nuvaccinum s Kkronostratigrafskim razponom
najmlajsi turonij do srednji koniacij.

Sklepi

Rudistna Skoljka je najdena v okolici Rogoznice.
Zaselek Rogoznica je na ozemlju med Primo-
Stenom in Trogirjem v Dalmaciji, kjer izdanjajo
tudi zgornjekredni masivni, plastnati do plo-
ScCasti apnenci in apnencevi dolomiti, ki so na-
stali na takratni Jadransko-dinarski karbonatni
platformi. V masivnem do brec¢astem horizontu
so ostanki rudistnih skoljk, med katerimi pre-
vladujejo hipuriti. Raziskovan ostanek Skoljke
(tab. 1, sl. 1a-1c) pripada vrsti Vaccinites cornu-
vaccinum (Bronn, 1831), ki na obmod¢ju Jadran-
sko-dinarske karbonatne platforme definira
biocono Vaccinites cornuvaccinum s kronostra-
tigrafskim razponom najmlajsi turonij-srednji
kampanij.

Primerek iz Rogoznice smo v pre¢ni smeri raz-
rezali na Sest delov. Rez smo naredili na vsakih
25 mm. Hoteli smo ugotoviti, ali so pri rasti
osebka nastale kakSne opazne razlike v mor-
fologiji in prostorski razporeditvi stebri¢kov in
ligamentne gube (tab. 2, sl. 1-8). V prerezu med
rezinama 2 in 3 smo opazili vecjo razporeditve-
no razliko, kjer sta se stebricka E in S medse-
bojno zelo priblizala (tab. 2, sl. 2-4), razdalja do
ligamentne gube L je ostala enaka kot pri dru-
gih prerezih (tab. 2, sl. 1, 5-8).
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se zaposlila na Katedri za kvartarologijo Oddel-
ka za montanistiko na Fakulteti za naravoslovje
in tehnologijo Univerze v Ljubljani najprej kot
strokovna sodelavka in od leta 1965 dalje kot
asistentka. Leta 1981 je magistrirala z delom
Pleistocenska favna iz Jame pod Herkovimi
pecmi. Doktorirala je leta 1991 z disertacijo
Poznoglacialna sesalska favna v Sloveniji. Leta
1992 je bila na Naravoslovnotehniski fakulteti
Univerze v Ljubljani habilitirana v docentko,
1997 pa v izredno profesorico.

Studentom geologije in arheologije je predavala
paleontologijo vretencarjev, geologijo kvartarja
ter slovenskKi in svetovni paleolitik in mezolitik.
O okolju in kulturah v ledeni dobi je v okviru
predmetov socialna antropologija in paleoan-
tropologija obcasno predavala tudi Studentom
sociologije in biologije. Profesorica Vida Pohar
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Raziskovalno in strokovno delo profesorice
Vide Pohar se ni ustavilo z upokojitvijo leta
2004. Vec kot deset let pozneje, pred vsega ne-
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kaj meseci, je na primer pri Avstrijski akade-
miji znanosti in umetnosti iz§la monografija o
Krizni jami. Profesorica Vida Pohar je kot vodja
novih izkopavanj v Krizni jami zasluZzna za to
izdajo, poleg tega je pri njej sodelovala kot ure-
dnica in avtorica enega izmed ¢lankov. S tem pa
njeno delo Se ni koncano; v nacrtu ima Ze nekaj
nadaljnjih prispevkov.
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Profesorici Vidi Pohar iskreno cestitamo ob
njenem jubileju in se ji ob tej priloznosti zahva-
ljujemo ne le za predano znanje, ampak tudi za
spodbuden, topel ¢loveski odnos, ki smo ga bili
delezni vsi njeni $tudenti in sodelavci. Zelimo
ji Se veliko veselja in uspehov pri nadaljnjem
delu.

Debeljak, .
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Sledi uporabe na kamenih orodjih iz najdisca
Pupicina pe¢
Use-wear analysis of stone tools from Pupicina pe¢

Simona Petru
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Izvlecek

V ¢lanku so prikazani rezultati preiskav sledi uporabe
na kamenih orodjih iz mezolitskih in neolitskih hori-
zontov hrvaskega najdis¢a Pupicina pe¢. Orodja so bila
pregledana z opti¢nim mikroskopom pri povecavah od
50-krat do 200-krat. Ugotovljeni so bili razli¢cni nacini
uporabe orodij in narejeni sklepi o gospodarstvu v
najdiscu.

Klju¢ne besede: kamena orodja, sledi uporabe,
Pupicina pe¢, mezolitik, neolitik

Abstract

In the paper the results of the use-wear analysis of
stone tools from Mesolithic and Neolithic layers of the
Croatian site Pupiéina pec¢ are presented. Tools were
examined under the light microscope at at 50-times to
200-times magnifications. Different uses of tools were
determined and conclusions about the economies in
the site were made.

Key words: stone tools, usewear, Pupi¢ina pe¢, Meso-
lithic, Neolithic
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Uvod

Hrvasko najdisce Pupicina pe¢ se odpira nad oz-
kim kanjonom Vranjske Drage v pogorju Ucke,
20 km zahodno od Reke. Precej veliko jamo je
kot arheolosko najdisce prvi opisal Malez, prvo
sondo pa je v njej izkopal Starac. Obseznejsa iz-
kopavanja je nadaljeval Miracle skupaj s hrva-
Skimi inStitucijami.

Mlajsi kulturni horizonti v najdis¢u so delno
premesSani in vsebujejo najdbe od bronaste
dobe naprej. Intaktnemu bronastodobnemu
horizontu navzdol sledijo neolitski horizonti,
v katerih ostanki domacih zivali prevladujejo
nad ostanki divjih. Radiokarbonska datacija
neolitskih plasti je (6 600 + 240) let bp*. Med
neolitskimi in mezolitskimi horizonti je hiatus,
ki lahko pomeni vrzel v sedimentaciji, erozijo
ali antropogeni vpliv. Mezolitske horizonte, da-
tirane v ¢as med 8 700 leti bp in 9 600 leti bp,
sestavljajo premesane lece pepela, v katerih je
veliko Zivalskih kosti, lupinic kopenskih in mor-
skih moluskov ter kamenih orodij. V njih so na-
8li tudi dve c¢loveski falangi. Najstarejsi izkopa-
ni horizonti z Zivalskimi ostanki in skromnim
Stevilom kamenih orodij so datirani v ¢as med
10 000 leti bp in 10 610 leti bp in predstavlja-
jo najmlajSe faze paleolitika. Pod njimi leZijo Se
starejSe plasti, vendar jih niso raziskali (Mira-
cle, 1997).

Analize sledi uporabe so bile narejene na 47 ka-
menih orodjih iz neolitskih in mezolitskih hori-
zontov najdisca. Vzorec je bil sicer majhen, ven-
dar je vseeno vsaj v grobem pokazal, s kakSnimi
aktivnostmi so se ukvarjali takratni obiskovalci
jame in kaksna je bila njihova ekonomija.

* bp - (before present) pred sedanjim ¢asom

Metode preiskav sledi uporabe

Pri uporabi nastanejo na kamenem orodju raz-
licne sledi. Najbolj opazna je uporabna retusa,
ki jo sestavljajo manjsi odkruski in retuse na
delovnem robu. Pogled pod mikroskopom nam
ob uporabni retusi pogosto odkrije brazde in
zgladitve. Brazde so posledica abrazije, njihov
potek izraza smer gibanja orodja pri delu. Zgla-
ditve so deli povrsine, ki odbijajo vec svetlobe
kot neuporabljena podrocja. Zanje so znacil-
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ne strukture, npr. luknjice ali valovi (Petru,
1997, 2004). 1z morfologije zgladitev je mogoce
sklepati, kakSen material so obdelovali z orod-
jem (Keeley, 1980).

Uporabno retuso lahko preucujemo s prostim
ocCesom ali lupo. Za mikrosledi se uporabljajo
opticni mikroskopi s povec¢avami od 50-krat
do 600-krat ali pa elektronski mikroskopi, pri
katerih so povecave Se vecje. Sledi uporabe na
kamenih orodjih in mikroskopske ostanke ob-
delovanega materiala na njihovem povrsju pre-
ucCujemo tudi s fizikalno-kemijskimi metodami
(Petru, 1997).

Kamena orodja iz Pupi¢ine pedi so bila pregle-
dana z metalurSkim mikroskopom pri poveca-
vah od 50-krat do 200-krat.

Rezultati in razprava

Sledi uporabe so bile opazne pri vecini pregle-
danih kamenih orodij. NajpogostejSe so bile
uporabne retuSe in brazde (slika 1A), na ne-

Slika 1: Pupicina pec. 1A - brazde na orodju iz obsidiana, ki so
ga uporabili za rezanje, 40-kratna povecava; 1B - zgladitve na
orodju, s katerim so obdelovali les, 100-kratna povecava.

Petru, S.



katerih orodjih pa so se ohranile tudi zgladitve
(slika 1B).

Sledovi na neolitskih kamenih orodjih kaZzejo,
da so jih uporabljali za lov ter za obdelavo Zi-
valskih ostankov in lesa (slika 2). Ker med ko-
stnimi ostanki v neolitskih horizontih prevla-
dujejo domace zivali, lahko sklepamo, da so bili

[ zivalski ostanki
H rastlinein les
projektili

O nedolo¢eno

Slika 2: Pupicina pec¢ — neolitski horizonti. Uporaba kamenih
orodij, predstavljena z delezZi. Pregledanih je bilo 25 orodij.

takratni obiskovalci jame Zivinorejci (Miracle,
1997, 46).

Med kamenimi orodji najlaze povezemo z zivi-
norejo tista, s katerimi so obdelovali les. Iz sle-
di na orodjih, s katerimi so obdelovali Zivalske
ostanke, namre¢ ne moremo ugotoviti, ali gre
za ostanke divjih ali udomacenih zivali. Kame-
na orodja so Zivinorejci verjetno uporabili za
sekanje dreves in ustvarjanje manjsih Cistin, na
katerih so se pasle zivali. Iz lesa bi lahko izde-
lovali tudi zaCasne Zivalske ograde. Poselitev
jame je bila sezonska, neolitski obiskovalci so
vanjo zahajali spomladi (Miracle, 1997, 57),
kar bi se lahko ujemalo s sezonskimi premiki
pastirjev.

S kamenimi orodji so Zivali razkosavali, manj
pa so se ukvarjali s predelavo njihovih ostan-
kov, saj so za strganje koZe uporabili le dve od
pregledanih orodij, sledi obdelave kosti ali ro-
govja pa na kamenih orodjih sploh ni. Projektili
med neolitskimi orodji so znak, da so v okolici
jame lovili. Zivalski ostanki in sledi uporabe na
kamenih orodjih torej kazejo, da so se neolit-
ski obiskovalci Pupiéine pe¢i ukvarjali s pasni-
Stvom in lovom, kulturnih rastlin pa v okolici
jame verjetno niso gojili.

V mezolitiku lahko sledove obdelave na kame-
nih orodjih povezemo z lovom (slika 3). Na lov
kaZejo projektili, posredno pa tudi orodja, s ka-

Sledi uporabe na kamenih orodjih iz najdisca Pupicina pe¢

terimi so obdelovali Zivalske ostanke. Potrjujejo
ga tudi kostni ostanki jelena, divje svinje, srne,
zajca in majhnih zveri, ki so jih nasli v mezolit-
skih horizontih. Znaki urezov na kosteh kazejo,
da so jedli tudi jazbece, katerih koZo so najbrz
uporabili za oblacila. Prehrano so z velikih Zi-
vali, ki so jih lovili konec paleolitika, razsirili
na manjSe sesalce. Uzivali pa so tudi morske
Skoljke in kopenske polze, katerih lupinice se
v velikih koli¢inah pojavljajo v mezolitskih ho-
rizontih najdisca. PolZi so sicer nizkokalori¢ni
in imajo le malo masc¢ob ter ogljikovih hidra-
tov, veC pa je proteinov. Verjetno so jih nabirali
jeseni, saj so spomladi potrebovali predvsem
hrano z veliko mascobami. Tudi ostanki divjega
prasica kaZejo, da so lovsko-nabiralske skupine
obiskovale jamo jeseni (Miracle z referencami,

[ Zivalski ostanki
rastline in les
projektili

O nedoloc¢eno

Slika 3: Pupicina pe¢ — mezolitski horizonti. Uporaba
kamenih orodij, predstavljena z deleZi. Pregledanih je bilo 22
orodij.

1997, 48-58).

Sledi obdelave rastlin so le na treh kamenih
orodjih. Z enim so obdelovali les, z dvema pa
srednje trde rastline, najbrz grmicevje. Rastli-
ne so verjetno uporabljali za dejavnosti, ki niso
bile neposredno povezane s prehrano. [z grmi-
Cevja in lesa so lahko izdelovali pasti za lovlje-
nje manjsih zivali, palice za razli¢na opravila ali
parocaje za projektile. Morda so iz rastlin pletli
tudi koSare.

Kamena orodja se v mezolitskih in neolitskih
plasteh ne razlikujejo veliko (Miracle, 1997, 56,
57). Tudi njihova uporaba je bila vseskozi po-
vezana z lovom. V neolitiku se lovu pridruzuje
pasnistvo, kar na zbirih kamenih orodjih opazi-
mo le posredno v razmahu orodij, s katerimi so
obdelovali les.
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Sledi uporabe na tipolosko doloc¢ljivih orodjih
so pokazale, da jih ne moremo povezati s toc-
no dolo¢enim na¢inom uporabe. Dve praskali iz
neolitskih horizontov so uporabljali za strganje
kozZe, medtem ko so s praskali v mezolitskih
plasteh poleg koZe obdelovali tudi les. Klini s
hrbtom iz neolitskih horizontov so uporabili
za dve razli¢ni dejavnosti, eno za rezanje mesa,
drugo pa kot projektil, z retuSiranimi klinami
pa so obdelovali les in zivalske ostanke. Kot
projektile so uporabili tudi primerno obliko-
vane odbitke. V mezolitskih plasteh se je kot
del vecjega projektila ali kot projektil za lov na
male sesalce uporabljal krozni segment.

Kot splo$no uporabni so se izkazali odbitki in
kline, verjetno zato, ker imajo oster rob, ki je
primeren za Stevilna opravila. Vcasih so isto
orodje uporabili na ve¢ nacinov, kar opazimo na
odbitku s prec¢no retuso iz mezolitskih plasti.
Sprva so uporabljali stranske robove, ko pa se
je odbitek prelomil, so retusirali in uporabljali
precni rob.

DeleZ nasajenih orodij je tako v neolitskih kot v
mezolitskih horizontih relativno majhen, med
orodji s sledmi uporabe jih je bila nasajena pri-
bliZno Cetrtina. Ve¢inoma gre za konice projek-
tilov, ki jih drugace niso mogli uporabljati. Na
nekaterih orodjih se je na povrsju ohranil na-
nos verjetno iz delckov smole ali kakSnega dru-
gega lepila, s katerim so orodje pritrdili.

Sklepi

Analize sledi uporabe na kamenih orodjih iz
hrvaskega najdiSca Pupic¢ina pe¢ smo naredili
zato, da bi ugotovili, kakSne materiale so z nji-
mi obdelovali in tako dolocili morebitne spre-
membe v gospodarstvu obiskovalcev te jame
na prehodu iz mezolitika v neolitik. Orodja smo
preiskali z opti¢cnim mikroskopom pri poveca-
vah od 50-krat do 200-krat.

Pokazalo se je, da so orodja uporabljali za raz-
licne dejavnosti, ki so v neolitiku podobne kot
v mezolitiku. Na neolitskih orodjih se odraza
nadaljevanje mezolitske tradicije lova in ob-
delave zivalskih ostankov, vendar po sledeh
uporabe na orodjih ne moremo ugotoviti, ali so
bile Zivali, katerih ostanke so obdelovali, divje
ali udomacene. Edina razlika med obdobjema
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se pokaze pri obdelavi rastlin. V mezolitiku je
te dejavnosti malo, v neolitiku pa Stevilo oro-
dij, s katerimi so obdelovali rastline, naraste.
Obdelovali so predvsem les, kar lahko najlaze
povezemo s podiranjem dreves. Tako so ustva-
rili Cistine, potrebne za pasnistvo. Odsotnost
poljedelstva poudarja vlogo Pupiéine peci kot
obcasne postaje nomadskih pastirjev. Podobno
vlogo je jama obdrzala tudi v mlajsih obdobjih,
ko so jo uporabljali kot obor za Zivino (Miracle,
1997, 48). Preiskave sledi uporabe potrjujejo
takSno namembnost jame v neolitiku in kazejo,
da je bilo najdisce v obeh obravnavanih obdo-
bjih tudi lovska postojanka.
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Abstract

Betalov spodmol is one of the most important Upper
Pleistocene archaeological and paleontological sites in
Slovenia, yielding finds ranging from the Riss/Wiirm
Interglacial to the Holocene. Unfortunately, most of the
Late Upper Pleistocene/Early Holocene material has
long been deemed unsuitable for scientific research, as
the field documentation related to the removal of the
uppermost two meters of the original deposits was lost.
This paper presents the results of an attempt to contex-
tualize the paleontological finds originating from these
sediments, with the aim of providing a solid base for
future research into the local Late Upper Pleistocene
and Early Holocene fauna.

Key words: Betalov spodmol, Slovenia, Upper Pleisto-
cene, Early Holocene, fossil fauna

Izvlecek

Betalov spodmol je med najpomembnejsimi mlajSeple-
istocenskimi arheoloskimi in paleontoloskimi najdiSci
v Sloveniji z najdbami iz obdobja od zadnjega inter-
glaciala do holocena. Zal je pretezni del gradiva iz po-
znega mlajSega pleistocena in starejSega holocena zZe
desetletja razumljen kot neprimeren za znanstveno
obdelavo, saj je bila terenska dokumentacija o izkopu
zgornjih dveh metrov sedimenta izgubljena. Ta prispe-
vek predstavlja rezultate poskusa kontekstualiziranja
paleontoloskih ostankov iz teh sedimentov z namenom
oblikovanja trdne podlage za prihodnje raziskave lokal-
ne favne iz ¢asa mlajSega poznega pleistocena in starej-
Sega holocena.

Klju¢ne besede: Betalov spodmol, Slovenija, mlajsi
pleistocen, starejsi holocen, foslina favna
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“Due to Anelli’s removal of the top 1.80 m of
deposits in Betalov spodmol, only the archaeo-
logical and paleontological material of Early
Upper Pleistocene age can be legitimately used
for inter-site comparisons. Middle and Late Up-
per Pleistocene finds are but scanty remains of
the original accumulation.”

V. Pohar, 1991 (p. 25)

Introduction

For decades, the research of animal remains
from paleontological/archaeological sites in
Slovenia has been focused on Early, Middle and
Later Stone Age material. Most of the work has
been carried out by a quartet of prominent re-
searchers, composed of Ivan Rakovec, Katica
Drobne, Ivan Turk and Vida Pohar (e.g. Rakovec
1959; 1961; 1967; Drobne 1964; 1973; 1975;
Turk et al. 1992; Turk, Dirjec 1997; 2007; Po-
har 1981; 1985; 1990). Apart from studying
and publishing paleontological/archaeozoo-
logical material from individual sites, each of
them was also engaged in broader systematic
studies (e.g. Rakovec 1973, Drobne 1973; Turk
2014). Vida Pohar focused on the local Late
Glacial and Early Holocene mammalian mac-
rofauna (Pohar 1990; 1991; 1997), studying
paleontological assemblages from more than
a dozen Upper Pleistocene and Early Holocene
sites, including the one from Betalov spodmol
(Fig. 1). She later observed the mentioned site
to be “[...] in its diversity such an important of
local Palaeolithic stations, that would be suit-
able for being used as the referential point for
studies of all other contemporaneous sites in
the region” (Pohar 1991, 25).

Figure 1: Betalov spodmol.

(Photo: Archives Notranjska Museum Postojna)
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The first to excavate at Betalov spodmol was
Franco Anelli between 1932 and 1939. He re-
moved the top 1.8 m to 2.0 m of the original
deposits but had mostly failed to publish his re-
sults (for the only exception, see Anelli 1933).
Moreover, during WWII, the material he yielded
has been moved abroad and was thus not avail-
able to later researchers working on the site. In
the post-war years, systematic excavations at
Betalov spodmol were resumed, this time un-
der the leadership of Srecko Brodar. This sec-
ond campaign lasted from 1947 to 1953 but
was only comprehensively published at the be-
ginning of the 1990s (Osole 1990; 1991). The
results of fauna studies, in contrast, were first
presented a few years after the conclusion of
the excavations (Rakovec 1952; 1959).

In his publications of the fauna from Brodar’s
excavations, Rakovec put great emphasis on as-
sessing the paleo-environment of the area (e.g.
Rakovec 1959, 323-330). Unfortunately, he
did not have access to the material excavated
by Anelli, so he was only able to analyse a mi-
nor part of the material from Gravettian, Tar-
digravettian and Epigravettian contexts. Dec-
ades later, while working on her study of Late
Glacial mammalian macrofauna from Slovenia,
the topic was picked up by Pohar (1991; 1997).
She added several taxa to the existing fauna list
of Betalov spodmol by analysing some of the
previously neglected finds from Brodar’s exca-
vations (Pohar 1991, 27-29). She might have
also attempted to further improve the resolu-
tion of the obtained results by analysing the
then already repatriated Anelli’s material. Nev-
ertheless, due to the field documentation hav-
ing been lost, she evidently deemed the task to
rightfully include these finds in her paleo-en-
vironmental analysis to be very difficult if not
impossible to perform. Consequently, in order
to avoid the corruption of the results by con-
sidering chronologically non-representative
material, the repatriated animal remains were
completely ignored.

Now, a good two decades later, the option to
study the faunal remains from Anelli’s excava-
tion has been considered once again. Never-
theless, as we share Pohar’s view of the near
uselessness of the material from unknown
chronological/cultural contexts, we focused on
the attempt to (at least broadly) contextualize

Toskan, B., Dirjec, J., Bavdek, A.



these finds. If successful, our results might pro-
vide a substantial opportunity to obtain deeper
insights in many aspects of local Late Upper
Pleistocene fauna.

Description of the site

Betalov spodmol is a karst cave, lying on the
south-eastern edge of the Lower Pivka valley
near the town of Postojna (SW Slovenia; for a
more detailed description of the site, see Osole
1990). It was registered and documented, to a
length of 174 m, soon after the establishment
of the Italian Speleological Institute (Istituto
[taliano di Speleologia) in Postojna in 1929.
The cave has been included in the cave cadastre
under the name of ‘The cave to the southwest
of the church of S. Andrew at Veliki Otok’ (Jama
severozahodno od cerkvice sv. Andreja pri Ve-
likem Otoku; cadastre number: VG. St. 16111).

'Later, the cave’s cadastre number was changed to JZS 473.

DR N BT

Figure 2: Anelli’s excavations at Betalov spodmol.
(Photo: Archives Notranjska Museum Postojna)

[] Anelli‘'s excavation
[] Brodar's excavation

535masl. .

ENTRANCE

In 1932, the then curator/assistant at the In-
stitute, Franco Anelli, initiated systematic ex-
cavations at the site (Fig. 2) and presented the
results of the first field season at the 1% Italian
Speleological Congress in Trieste (Anelli 1933).
The excavations continued until 1939, with up
to two-metre deep trenches having been exca-
vated both in the cave and in front of it (Fig. 3).
Anelli found a considerable number of mostly
Late Upper Palaeolithic artefacts and a rich as-
semblage of fauna remains, yet failed to pub-
lish his observations. In 1943, he arranged for
the material and the field documentation to be
moved to Recoaro Terme (Italy). It was only in
the 1960s that part of the transferred material
was repatriated to Slovenia. Unfortunately, the
field documentation (drawings, plans, excava-
tion diaries) were lost and thus not sent along
with the material itself. As a consequence, the
contextualization of the repatriated artefacts
and animal remains has been mostly seen as
too problematic for them to be intensively
studied. The scientific potential of this mate-
rial, however, remains high.

Methods

The analysed material represents only part of
the remains excavated by Anelli in the 1930s,
namely the part repatriated in 1961. All the
available mammal remains were taxonomically
and anatomically identified as precisely as pos-
sible, while avian and amphibian finds were
only ascribed to the appropriate order (i.e. Aves
and Amphibia). In identifying the teeth and

13/14

Figure 3: Longitudinal section of Betalov spodmol. The deposits removed by F. Anelli (1932-1939) and S. Brodar (1947-1953) are
marked. Taken from Osole 1990 (App. 6).

Lost in time? Repatriated animal remains from Anelli’s excavations at Betalov spodmol (SW Slovenia)
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bones, we were assisted by fossil and recent
comparative material from Slovenia (collec-
tions of the Institute of Archaeology ZRC SAZU
and the Department of Palaeontology NTF, Uni-
versity of Ljubljana). In terms of systematic
classification, we mostly followed the system
given by Guérin, Patou-Mathis (1996).
Quantitative comparisons among taxa are
based on the Number of Identified Specimens
(NISP; Grayson 1984). Measurements were
taken according to von den Driesch (1976).
Allochronous faunas were compared by Mul-
tidimensional scaling on rectangular symmet-
ric matrix of Euclidean distances (StatSoft Inc.
2001). Based on their abundance, individual
taxa were arbitrary grouped into five classes:
class 0 (taxon absent), class 1 (NISP < 5 % of
total NISP), class 2 (NISP = 6 % to 20 % of to-
tal NISP), class 3 (NISP = 21 % to 50 % of total
NISP) and class 4 (NISP > 50 % of total NISP).
Statistical analyses were performed using the
program package STATISTICA for Windows,
version 6.0 (StatSoft Inc. 2001).

The animal remains from Betalov spodmol pre-
sented here are stored at Notranjska Museum
in Postojna (Notranjski muzej Postojna).

Results and discussion

Taxonomy

The analysed archaeozoological assemblage in-
cludes a total of 2 469 animal remains, mostly
belonging to mammals (N = 2 452). Of these,
386 (= 15.7 %) were taxonomically identi-
fied at least to the level of genus. They were
ascribed to 21 species from 11 families. The
majority of them still inhabit Slovenia today,
although some only because of reintroduction
after previous local extinction (e.g. Marmota
marmota). Of the total of four species no longer
presentin Slovenia, a single one became extinct
in the Late Upper Pleistocene (Ursus spelaeus).
The remaining three either became extinct
during Holocene (Bos primigenius) or simply
withdrew elsewhere (Rangifer tarandus, Alces

Tabele 1: Animal remains in the paleontological assemblage from Anelli’s excavations at Betalov spodmol per taxa and skeletal element

Taxon

Cranium
Maxilla
Mandibula
Dentes
Vertebrae
Scapula
Clavicula
Humerus

Radius & ulna
Metacarpalia
Carpalia
Pelvis

Femur

Tibia & fibula
Metatarsalia
Tarsalia

Ossa
sesamoidea
Phalanges
TOTAL

=

Apodemus sp.

[

Talpa sp.

M. marmota 6 17 1 1

L. europaeus

Lepus sp. 1

U. spelaeus 7 3 11 53 5 2

U. arctos

V. vulpes 1

M. martes 1

M. foina 1

Martes sp. 1

M. meles 3 2

E silvestris

N | O|FR|R =[N

Sus sp. 4 19 18 65 2 2 4

158

C. elaphus 2 1 1

-
()
=
o~

C. capreolus 3

A. alces 1 2

.
N
SN
[N
(=
¥}

R. tarandus

R. rupicapra 1 1 1

B. primigenius

Bos sp. 1

Bos s. Bison 1 3 1

Ovis s. Capra 1

E. caballus

)8}
iR U= NN
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alces). A complete list of repatriated mammal
remains from Anelli’s excavations per skeletal
element is given in Tab. 1. It is noteworthy that
most of the taxa were also recorded in the ma-
terial excavated by Brodar, with exceptions in-
cluding Bos primigenius, Sus domesticus, Equus
caballus, Felis silvestris, Martes foina, Ursus arc-
tos and Lepus europaeus (Rakovec 1959; Pohar
1991, Tab. 2).

Of the non-mammal taxa, 16 remains were as-
cribed to birds (Aves) and one to amphibians
(Amphibia).

Order: Eulipotyphla
Family: Talpidae

Talpa europaea/caeca

The genus Talpa is represented by a single hu-
merus, found at a depth of 0.55 m to 1.00 m.
Currently, the only mole species to be present
in Slovenia is European mole (Talpa europaea
Linnaeus, 1758), which is also known from
a couple of local Upper Pleistocene sites
(e.g. Rabeder et al. 2004a; Toskan, Krystufek
2007, 211). However, since the European mole
cannot be always reliably distinguished from
blind mole (Talpa caeca Savii, 1822) in pale-
ontological material, the presence of the latter
species in south-eastern Alps during the Upper
Pleistocene (Pohar 1985) and/or Early Holo-
cene (e.g. Toskan, Krystufek 2004) cannot to be
ruled out entirely. The humerus from Betalov
spodmol could thus belong to either of the two
aforementioned mole species.

Order: Rodentia
Family: Muridae

Apodemus sp.

The genus Apodemus is represented by a sin-
gle fragmented mandible. According to pub-
lished data (e.g. ToSkan, KryStufek 2007), at a
minimum the yellow-necked mouse (Apodemus
flavicollis) and the wood mouse (Apodemus syl-
vaticus) inhabited Slovenia in the Upper Pleis-
tocene, with the pygmy field mouse (Apodemus
uralensis) and the striped field mouse (Apode-
mus agrarius) joining them no later than the
beginning of the Holocene (ToSkan, Krystufek
2004; Toskan 2009). In view of the consider-
able size and shape variation in recent popula-

tions of these species, the aforementioned field
mouse mandible did not allow for the identifi-
cation beyond genus level.

Family: Sciuridae

Marmota marmota (Linnaeus, 1758)

The alpine marmot is the third most repre-
sented species in the studied assemblage, after
the wild boar and the cave bear (Tab. 1). Its re-
mains were concentrated in the lower part of
the stratigraphic sequence (Tab. 4), which is in
line with the fact that the species has not been
recorded in any of the Early Holocene sites in
the area (Pohar 1990; ToSkan, Dirjec 2004). In
Upper Pleistocene contexts, in contrast, mar-
mot remains are frequently highly numerous
(e.g. Rakovec 1973, Tab. 2).

Order: Lagomorpha
Family: Leporidae

Lepus europaeus (Pallas, 1778)

The European hare is represented by a frag-
mented 4" metatarsal. The species is very rare
in Upper Pleistocene contexts from Slovenia
(see e.g. Rabeder et al. 2004a, 48), with most
fossil hare remains belonging to the montane
hare (Lepus timidus Linnaeus, 1758). Of the
local Early Holocene sites, the European hare
is known from Mala Triglavca (Pohar 1990,
Tab. 1). Brodar’s excavations in Betalov spod-
mol only yielded remains of the montane hare
(Rakovec 1959, 294-296).

Lepus europaeus/timidus

In addition to the aforementioned European
hare metacarpal, the genus Lepus is also rep-
resented in the studied assemblage by a frag-
mented incisive. Unfortunately, the latter find
did not allow for the identification to the spe-
cies level, either by considering its size or mor-
phology. It is worth noting, however, that the
incisive was found in the uppermost 40 cm of
the sediment and is thus most probably of Hol-
ocene age. Since the area of distribution of the
recent montane hare is mostly covered by tun-
dra and taiga (Lequatre 1994), while the Euro-
pean hare prefers arable land, meadows and
pastures (Krystufek 1991, 118), the incisive is
almost certainly to be ascribed to the latter.

Lost in time? Repatriated animal remains from Anelli’s excavations at Betalov spodmol (SW Slovenia)
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Order: Carnivora
Family: Ursidae

Ursus spelaeus (Rosenmiiller, 1794)

The cave bear is represented in the studied as-
semblage by 131 remains, half of them being
cranial skeletal elements (Tab. 1). Not surpris-
ingly, the remains were concentrated in the
lower half of the stratigraphic sequence, which
was supposedly deposited in the Upper Pleis-
tocene (see e.g. Osole 1990, App. 13). Accord-
ing to Pohar (1997, 152-153), cave bear finds
from Epigravettian layers 5-7 of Betalov spod-
mol are to be seen as evidence of its prolonged
existence traced down to the Late Glacial in
this region. Although the idea of the extinction
of the cave bear coinciding with the end of the
Pleistocene has been shared by other authors
(e.g. Martin, Steadman 1999; Barnosky et al.
2004), extensive radiocarbon dating now sug-
gests that the global extinction happened much
earlier, around 24,000 14C years before present
(BP; 27 800 [cal.] BP; Stiller et al. 2014, 225).
It thus seems very probable that either the
cave bear remains from layers 5-7 of Betalov
spodmol lay in a secondary context (cf. Rakovec
1959, 308), or that the dating of the mentioned
layers to Epigravettian is not entirely correct
(cf. Brodar 2009, 464-466).

In recent years, at least six different Upper
Pleistocene cave bear morphotypes have been
identified, but their taxonomic status is con-
troversial. It has been argued that they may
represent different species (e.g. Hofreiter et
al. 2004), but also that they are not sufficiently
distinct to warrant subspecies status (Barysh-
nikov, Puzachenko 2011). In line with this, the
cave bear remains from Anelli’s excavations at
Betalov spodmol could be seen as belonging to
either Ursus spelaeus or Ursus ingressus (see e.g.
Rabeder et al. 2004b).

Ursus arctos (Linnaeus, 1758)

A damaged tibia is the only bear find to be
ascribed to the brown bear. The identifica-
tion of the bone is based on its gracility, with
the smallest breadth of the diaphysis measur-
ing a mere 21.5 mm. It was found at a depth of
1.70-2.00 m, which is indicative of it being of
the Pleisotocene age.
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Fossil finds of the brown bear normally oc-
cur together with finds of cave bear although
usually in much smaller numbers. In Betalov
spodmol, no other brown bear finds have been
recorded (Rakovec 1959; Pohar 1991, Tab. 2).

Family: Canidae

Vulpes vulpes (Linneaus, 1758)

The red fox is represented in the studied as-
semblage by a fragmented humerus and a com-
plete 3™ metacarpal. The species has been also
identified in the material from Brodar’s exca-
vations (Rakovec 1959, 302-303), with three
finds originating from the uppermost Pleisto-
cene layers 5-9 (approx. depth 0.70-2.00 m;
Osole 1990, 36; Pohar 1991, Tab. 2). The same
is most probably true for the aforementioned
3" metacarpal, which has been found at the
depth of 0.80-1.00 m.

Family: Mustelidae

Martes martes/foina

A fragmented mustelid humerus has been as-
cribed to genus Martes, with no further identifi-
cation to the level of species. Taxonomically rel-
evant morphological differences between pine
marten (Martes martes [Linnaeus, 1758]) and
beech marten (Martes foina [Erxleben, 1777])
are rather limited. Because of this, and the con-
siderable variability occurring in the size of the
two species, accurate identification of fossil re-
mains of the genus Martes is in general some-
what difficult (Castafios 1987).

Martes martes (Linnaeus, 1758)

The pine marten is represented in the studied
assemblage by a fragmented mandible. The
identification is based on the distance between
the two mental foramens exceeding 4 mm and
on the first lower molar lacking a definite notch
in its middle (Krystufek 1991, 215-216). The
bone was found at a depth of 0.90-1.10 m,
which is indicative of it being of Upper Pleisto-
cene age.

Pine marten remains are known from a num-
ber of fossil assemblages from Slovenia (Rako-
vec 1973, Tab. 1), including the one yielded by
Brodar’s excavations at Betalov spodmol (Ra-
kovec 1959, 308)
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Martes foina (Erxleben, 1777)

The only other mustelid mandible in the stud-
ied assemblage has been ascribed to the beech
marten, as the distance between the mental
foramens falls below 3 mm (Krystufek 1991,
215-216). According to Crégut-Bonnoure
(1996) and Wolsan (1993), this species only
appeared in Europe in the Holocene. In Slove-
nia, the only beech marten find to be reported
from a Pleistocene site is the one from Potocka
zijalka in the Savinja Alps, but its stratigraphic
context is seen as problematic (Déppes 2004).

Meles meles (Linnaeus, 1758)

The badger is represented in the studied as-
semblage by nine remains (Tab. 1). They were
apparently mostly found in the uppermost me-
ter of the deposits, indicating that at least some
of them might be of Holocene age. The presence
of the badger at Betalov spodmol had been ob-
served already by Anelli (1933, 232, 234), who
happened upon its remains in the top 30 cm of
deposits in two out of three trenches he exca-
vated in 1932. In the archaeozoological mate-
rial yielded by Brodar’s excavations, the only
recorded badger remain has been found at a
depth of 55 cm (Rakovec 1959, 309).

The described stratigraphic position of (the
bulk of) badger remains at Betalov spodmol is
perfectly in line with the species having been
recorded in most of the Early Holocene sites
in Slovenia (Pohar 1990; Toskan, Dirjec 2004,
Tab. 16.7; ToSkan, Dirjec 2006a, 166). Its rep-
resentation in Pleistocene contexts within the
same area, however, is rather negligible (Rako-
vec 1973, Tab. 1; Pohar 1997, Tab. 1).

Family: Felidae

Felis silvestris (Schreber, 1777)

A fragmented proximal end of an ulna and a
diaphysis of a femur were ascribed to the wild
cat. Both finds lay at a depth of 0.40-0.70 m.
The proximal epiphysis of the ulna was not yet
fused, indicating that the bone belonged to an
up to a year-old individual (Smith 1969, 525).
The aforementioned finds are the only known
records of the wild cat from Betalov spodmol,
as neither Rakovec (1959) nor Pohar (1994,
tab. 2) included it on their fauna lists. The
only feline mentioned by Anelli (1933, 235) is

a no better specified large cave felid from his
trench 3, later ascribed by Wolf to the cave lion
(Panthera spelaea; cf. Rakovec 1959, 323).

Order: Artiodactyla
Family: Suidae

Sus scrofa/domesticus

The genus Sus is the best represented of all
mammal taxa in the assemblage, with its share
falling just short of 40 % (Tab. 1). Unfortunate-
ly, it is often impossible to reliably distinguish
between wild boar (Sus scrofa Linnaeus, 1758)
and domestic pig (Sus domesticus Erxleben,
1777) on the basis of the size and shape of in-
dividual (often fragmented) bones and teeth.
Consequently, of the 158 suid remains in the
assemblage studied here, only 11 allowed for
the identification to the level of species. With
regard to their size, eight specimens were as-
cribed to the wild boar and three to the domes-
tic pig (Tab. 2).

Almost half (N = 77) of the pig/wild boar re-
mains from Annelli’s assemblage were found
in the uppermost 70 cm of the sediment,
which was supposedly mostly deposited dur-
ing Holocene (i.e. layers 1-4). Contrary to the
expectations, however, two of the only three
bones ascribed to domestic pig have been re-
portedly found below that depth (i.e. humerus:
1.10-1.55 m; astragalus: 0.70-1.20 m). Since
the first domestic pigs appeared in Slovenia
only in the middle of Holocene, the aforemen-
tioned two bones must have been found in sec-
ondary context.

Family: Cervidae

Cervus elaphus (Linnaeus, 1758)

The red deer is represented in the assemblage
by 14 remains. With the exception of an antler
fragment and part of a scapula, only skeletal el-
ements of the less meaty parts of the body (i.e.
feet) were found. The species has also been re-
corded in the paleontological material yielded
by Brodar’s excavations, but in relatively small
numbers (Rakovec 1959, 318).

Capreolus capreolus (Linnaeus, 1758)
The number of roe deer remains in the studied
assemblage is similar to that of the red deer

Lost in time? Repatriated animal remains from Anelli’s excavations at Betalov spodmol (SW Slovenia)
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(N =12). A gnawed distal humerus is notewor-
thy, supposedly found ata depth of 1.20-1.60 m.
Three out of a total of five bones with preserved
metaphyseal parts were characterized by un-
fused epiphyses, indicating a high share of ju-
veniles.

Alces alces (Linnaeus, 1758)

A fragmented mandible, two isolated lower pre-
molars (P, and P,) and possibly part of a meta-
tarsal were ascribed to the moose. In Slovenia,
the species is known from both Pleistocene and
Holocene contexts, with the oldest record origi-
nating from the end of the Mindel-Riss Intergla-
cial (Brodar 1970) and the youngest from the
Roman period (Jamnik 2004, 293).

Rangifer tarandus (Linnaeus, 1758)

The reindeer is represented in the assemblage
by two distal metatarsals, with the breadth
of their distal ends measuring 42.5 mm and
43.0 mm. They were found at a depth of
0.70-1.20 m, which is in line with the species
having gone locally extinct at the end of Pleis-
tocene. In Slovenia, the most numerous finds
of reindeer are known from contexts dated to
the Late Glacial Maximum (= Pleniglacial II or
Wiirm III; Pohar 1991, 14). Later, its impor-
tance decreased due to the dramatic climatic/
palaeoenvironmantal changes that took place
in Late Glacial (Pohar 1997, Fig. 4).

Family: Bovidae

Rupicapra rupicapra (Linnaeus, 1758)

Five remains were ascribed to the chamois, two
of them only tentatively. The only other record
from Betalov spodmol is reported by Pohar
1991 (Tab. 2) for layer 8 (= Wiirm II). Repre-
sented in several Upper Pleistocene sites in
the region (Rakovec 1973, Tab. 1; Pohar 1997,
Tab. 1.; ToSkan 2007, 259), the chamois is al-
most absent from archaeozoological records of
the Holocene Southeastern Alps. Nevertheless,
such a situation is at least partially attribut-
able to difficulties in reliably differentiating be-
tween chamois and the then already ubiquitous
sheep and goat (cf. Pucher, Engl 1997, 38-67).

Ovis aries / Capra hircus

An isolated upper molar is ascribable to either
the sheep or the goat. It is (together with the
already mentioned domestic pig remains and
the horse calcaneus; see below) the only find
in the assemblage to be clearly evident of Holo-
cene Age. In central Slovenia, the earliest re-
cords of ovicaprids are known from the middle
of the 5% millennium (To$kan, Dirjec 2006b),
while on the Kras plateau they were present at
least a millennium earlier (Budja et al. 2013,
102-103).

Bos primigenius Bojanus, 1827

The aurochs is represented in the assemblage
with a first and a second phalange. The pos-
sibility of them belonging to steppe bison (Bi-
son priscus) was ruled out on the basis of their
morphological traits (Sala 1986, 161), while

Tabele 2: Suid remains in the paleontological assemblage from Anellis’s excavation at Betalov spodmol, which allowed for the

identification to species level

Sk. elemement Measurement Observed value Species
Smallest breadth of diaphysis 13.0 mm Sus domesticus
Humerus Smallest breadth of diaphysis 21.0 mm Sus cf. scrofa
Breadth of trochlea 40.0 mm Sus scrofa
1stlower molar Greatest breadth 14.5 mm Sus scrofa
Ulna Depth across processus anconeus 28.5 mm Sus domesticus
Metacarpus 2 Breadth of proximal end 5.5 mm Sus scrofa
Metacarpus 3 Breadth of proximal end 22.0 mm Sus scrofa
Metacarpus 5 Breadth of proximal end 7.5 mm Sus scrofa
Tibia Breadth of distal end 37.5 mm Sus cf. scrofa
Metatarsus 4 Breadth of proximal end 17.5 mm Sus scrofa
Astragalus Greatest length on lateral size 44.0 mm Sus domesticus
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their large size (Tab. 3) proved decisive in de-
clining the option of domestic cattle (Bos tau-
rus). On the second phalange, found at a depth
of 0.55-1.00 m, cut marks were observed. The
first phalange lay at a depth of 1.55-2.00 m.

The aurochs remains presented here are the
only known records of this species from Betal-
ov spodmol, as Rakovec (1959, 322) failed to
identify bovid teeth and bones to the level of
species (see also Pohar 1991, Tab.2).

Bos taurus/primigenius

Anisolated third lower molar has been ascribed
to the genus Bos, with the identification to spe-
cies level having been deemed as impossible.
The chance of the tooth belonging to steppe bi-
son has been ruled out on the basis of its mor-
phology (Boessneck et al. 1963, 165).

Bos primigenius / Bison priscus

Four bovid remains have proven impossible to
be reliably identified even to the level of genus,
although the possibility of them belonging to
domestic cattle has been rejected on the basis
of their large size.

Order: Perissodactyla
Family: Equidae

Equus caballus (Linnaeus, 1758)

The horse is represented in the assemblage
with a single find: a calcaneus. It lay at a depth
of 0.25-0.5 m. The domestication of the horse
is believed to have occurred in the middle of the
4™ millennium BC (Outram et al. 2009), while
its oldest known remains from Slovenia are
several centuries younger (own unpublished
data).

Contextualization of the finds

With the field documentation of Anelli’s exca-
vations at Betalov spodmol having been lost,
the only contextual information still available is
represented by written references to the sup-
posed depth at which teeth and bones from in-
dividual storage boxes/bags have been found.
Such references are included in 29 out of a total
of 46 repatriated items. In an attempt to coun-
ter the lack of data regarding the cultural and
chronological contexts of the finds, we thus de-
cided to take a closer look at the material from
the aforementioned 29 boxes/bags. It became
soon apparent that substantial differences in
both species composition and species repre-
sentation exist between individual sub-assem-
blages originating from different stratigraphic
contexts (Tab. 4).

Supposing a linear deposition of the sediments,
the observed differences in the composition of
the sub-assemblages has been interpreted as a
reflection of the differences between allochro-
nous local fauna. The most pronounced tem-
poral trends are seen in the cave bear, alpine
marmot and wild boar. The cave bear, having
gone extinct at the onset of the last glacial max-
imum, was almost not recorded except at the
lowermost depths (sub-assemblages 3 and 4).
The concentration of marmot finds in sub-as-
semblages 4 and 5 and those of the wild boar in
sub-assemblage 1, in contrast, are to be seen as
areflection of significant palaeo-environmental
changes that took place during the last 30 000
years. Specifically, the alpine marmot is known
to prefer alpine meadows and open pastures
of the zone 400-600 m above local timber line
(Preleuthner 1999, 188), while wild boar is pri-
marily an inhabitant of the temperate broadle-
aved or tropical monsoon forests (Spitz 1999,
380). Such forests are associable with warmer
(Holocene) climate, so a greater share of wild
boar remains in the uppermost strata, and vi-
ce-versa for the marmot, is actually not at all
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Tabele 3: The size of the remains of Bos primigenius from the paleontological material yielded by Anellis’s excavation at Betalov spodmol.

All measurements are in mm

Measurement Phalanx 1 Phalanx 2
Greatest length 56.5 55.0
Breadth of proximal end 39.5 48.0
Breadth of distal end 34.5 39.5
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surprising. Similarly, the reindeer has been re-
corded as expected in sub-assemblages 4 and
5, while the more thermophilic roe deer and
badger are best represented in sub-assemblag-
es1and 3.

Encouraged by these preliminary results, we
attempted to obtain further insights into the
Late Upper Pleistocene/Early Holocene fau-
na at Betalov spodmol by including into the
analysis additional contextual data in additi-
on to the depth of the finds. We thus studied
the sections of Brodar’s excavations (cf. Osole
1990) in order to obtain a better knowledge
of the depth data for selected stratigraphic ho-
rizons and layers. In spite of what was stated
by Rakovec (1959, 335), no significant longi-
tudinal inclination of the layers for within the
cave area has been observed, at least as far as
the uppermost two metres of the original sedi-
ment is concerned. It is true that most of these
deposits have been already removed by Anelli,
allowing Brodar to excavate only a very small

part of them. Consequently, the amount of data
on the stratigraphy of the uppermost layers
discernible from Brodar’s documentation is
rather poor. Nevertheless, by comparing cross
sections at x = -4 m, +4 m, +10 m and +20 m
(cf. Osole 1990), we still found it possible to
tentatively associate the above mentioned sub-
assemblage 1 with Brodar’s layers 1-4 (i.e.
Holocene), sub-assemblage 2 with layers 1-7
(Epigravettian, Holocene), sub-assemblage 3
with layers 5-9 (Gravettian, Tardigravettian,
Epigravettian), sub-assemblage 4 with layers
5-7 (Epigravettian) and sub-assemblage 5 with
layers 8-9 (Gravettian, Tardigravettian) (Osole,
1991).

Of course, such an interpretation has many
weaknesses. First, there are no doubts that the
material included in individual sub-assemblage
is in reality not as chronologically homogeneo-
us as over-simplistically indicated by the above
labels. Additionally, Brodar’s sections are only
indicative of the stratigraphy within the cave

Tabele 4: Animal remains in the paleontological assemblage from Anelli’s excavations at Betalov spodmol by taxa and
stratigraphic context. The depth of origin of individual sub-assemblages/stratigraphic contexts is given in parentheses.
Identification of sub-assemblages (see text for explanation): sub-assemblage 1 - tentatively associated with layers 1-4
(sensu Osole 1991, i.e. Holocene); 2 - tentatively associated with layers 1-7 (sensu Osole 1991, i.e. Epigravettian, Holocene);
3 - tentatively associated with layers 5-9 (sensu Osole 1991, i.e. Gravettian, Tardigravettian, Epigravettian); 4 — tentatively
associated with layers 5-7 (sensu Osole 1991, i.e. Epigravettian); 5 - tentatively associated with layers 8-9 (sensu Osole 1991;

i.e. Gravettian, Tardigravettian)

Subassembl. Subassembl. Subassembl. Subassembl. Subassembl.
Taxon 1 2 3 4 5
(0.00-0.70m) (0.00-1.00m) (0.70-2.00m) (0.70-1.00m) (1.00-2.00 m)

Talpa sp. - 1 - - -
M. marmota - 6 - 2 6
Lepus sp. 1 - - - -
U. spelaeus - 2 3 - 69
U. arctos - - - - 1
V. vulpes - - 1 - -
M. martes - - 1 - -
Martes sp. - - 1 - -
M. meles 3 - 4 1 -
E silvestris 2 - - - -
Sus sp. 80 1 6 10 4
C. elaphus 2 - - 1 2
C. capreolus 4 - 3 - 1
A. alces 1 - - - -
R. tarandus - - - 1 1
R. rupicapra 1 - 1 - -
B. primigenius - 1 - - 1
Bos s. Bison - - - - 1
E. caballus 1 - -

Aves 1 1 5 1 2
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itself and in the proximity of its entrance. An-
elli’s excavations, however, are known to have
extended up to ten meters in front of the cave
(Fig. 3), where significant changes in stratig-
raphy might have occurred. If, however, the
contextualization of the finds within individual
sub-assemblages is at least roughly correct,
then one would expect their fauna composition
to match the composition of contemporaneous
paleontological accumulations from other sites
in the region. Our next step was thus to com-
pare the two largest and thus supposedly most
representative sub-assemblages from Betalov
spodmol (i.e. sub-assemblages 1 and 5) with
three Interpleniglacial, two Pleniglacial II, two
Late Glacial and three Early Holocene assem-
blages from Slovenia by applying the Multidi-
mensional scaling procedure on a rectangular
symmetric matrix of Euclidean distances bet-
ween the analysed sites.

The results (Fig. 4) are entirely supporting the
proposed chronological framework, as sub-as-
semblage 1 indeed clusters with Early Holocene
accumulations (Mala triglavca, Viktorjev spod-
mol, Breg) and sub-assemblage 5 with those
from Interpleniglacial /Early Pleniglacial II con-
texts (Divje babe I: layers 2-5; Parska golobina:
layer 3; Betalov spodmol: layers 8-9 [Brodar’s
excavations]). The latter group is characterized
by the great prevalence of cave bear remains,
while in Early Holocene assemblages the lea-
ding role goes to thermophilic forest-dwelling
species (e.g. red deer, wild boar, badger).

Unfortunately, the proposed chronological as-
sociations for the remaining three sub-assem-
blages (i.e. sub-assemblages 2-4) could not be
tested with the application of the multidimen-
sional scaling procedure, as they include too
few finds for them to be representative. Never-
theless, the species composition of these sub-
assemblages seems to be generally consistent
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0.8 layer 4 @ ® layer 3
. o
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Figure 4: Final distribution of matrix derived from multidimensional scaling of Euclidean distances among Interpleniglacial/
Pleniglacial Il (dots), Late Glacial (open circles) and Early Holocene (diamonds) mammal assemblages from Slovenia
(stress = 0.101). Data taken from Pohar (1991) and Toskan, Dirjec (2004).
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with the proposed datings. Examples include
the presence of cave bear and chamois remains
in sub-assemblage 3, which is thought to in-
clude both Interpleniglacial /Pleniglacial II and
Late Glacial material (i.e. layers 5-9 sensu Osole
1991), and the presence of the alpine marmot
with the concomitant absence of cave bear in
sub-assemblage 4, tentatively associated with
Brodar’s Late Glacial (Epigravetian) layers 5-7.
The only sub-assemblage to show some contro-
versy is sub-assemblage 2. [t includes the mate-
rial from the top meter of deposits excavated by
Anelli, and has thus been tentatively associated
with Brodar’s Holocene layers 1-4, as well as
Late Glacial (Epigravettian) layers 5-7. Due to
the sub-assemblage containing finds from the
uppermost part of the stratigraphic succession,
the inclusion of animal remains of Holocene
age is not questionable. The presence of Late
Glacial material can be less straightforwardly
proven, even though the record of several mar-
mot teeth and bones does seem to corroborate
such a thesis (cf. Pohar 1991, 23). The presence
of two cave bear remains (Tab. 4), in contrast, is
contradictory as the species is believed to have
gone extinct several thousand years before the
onset of the Late Glacial. This might be indica-
tive of sub-assemblage 2 containing (also) Mid-
dle Upper Pleistocene material. An alternative
option has been proposed by Brodar (2009,
464-466), who argues Osole’s association of
layers 5-7 to Epigravettian to be incorrect. In
his view, these layers are to be dated to an ear-
lier time, which would be in line with the pres-
ence of cave bear. Finally, the possibility of the
cave bear finds having been found in a second-
ary context is also to be kept in mind (cf. Rako-
vec 1959, 308).

Conclusions

Betalov spodmol is one of Slovenia’s most im-
portant Palaeolithic sites. Consequently, not
having the chance to study the material exca-
vated there by Anelli in the 1930s severely af-
fected the attempts to obtain deeper insights
into the continuity of occupation of the site
into the Gravettian era (e.g. Osole 1991, 8, 21;
Brodar 2009, 465). Similarly, palaeontologists
were not able to properly address the Middle
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and Late Upper Pleistocene faunas, as the num-
ber of available remains was too small to be
truly representative (e.g. Pohar 1991, 25). It is
thus understandable that any new find from the
uppermost layers of Betalov spodmol would
have been greeted as “very much welcoming”
(Brodar 2009, 465). Unfortunately, due to the
lack of filed documentation, the repatriated
material from Anelli’s excavations has been
long seen as lost in time and thus unsuitable for
scientific research.

Our results show that such a point of view is too
conservative. It is true that with the field docu-
mentation missing, the contextualization of the
finds is very difficult. Nevertheless, the existing
references to the depth of origin of individual
teeth and bones did allow for a tentative asso-
ciation of the paleontological material to cul-
tural complexes. The appropriateness of such
associations was tested by comparing both the
species composition and representation within
individual fauna sub-assemblages from Anelli’s
excavations at Betalov spodmol to analogous
data referring to several other Pleistocene and
Early Holocene contexts in the broader region.
The results generally confirmed our attempted
contextualization of the sub-assemblages. Pos-
sibly the most prominent indication of the le-
gitimacy of the proposed associations is to be
seen in the great similarity between animal
finds originating from Brodar’s (Tardi)Gravet-
tian layers 8-9 and the remains found within
Anelli’s sub-assemblage 5, which we tentatively
associated with the very same layers (Tab. 4).
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Izvlecek

V prispevku so podani kljucni rezultati 19-mesecnih
izkopavanj v paleolitskem najdiS¢u Divje babe I (Reka,
Sebrelje, ob¢ina Cerkno) v letih 1980-1999. Ti so: traj-
na predstavitev najdis¢nih profilov $irsi javnosti v okvi-
ru arheoloskega parka Divje babe; izvirna metoda za
ugotavljanje odslikave paleoklime v jamskih sedimen-
tih; prvo odkritje fosiliziranih dlak jamskega medveda;
prva analiza ognjis¢nih vsebin in razlaga z njimi po-
vezanih obrednih in drugih dejavnosti neandertalcev;
novi dokazi o koSc¢enih izdelkih neandertalcev vklju¢no
z najstarej$Sim materialnim dokazom o obstoju glasbe,
ki ga predstavlja najdba izjemno zmogljivega glasbila iz
kosti jamskega medveda.

Klju¢ne besede: Divje babe I, paleolitik, paleoklima,
kronologija, najdbe (neandertalsko glasbilo)

Abstract

Article presents mostprominentresults ofthe 19-month
excavations in Palaeolithic site Divje babe I (Reka,
Sebrelje, municipality of Cerkno) in years of 1980-
1999. These are: permanent presentation of the site’
sections for the wider public in the frame of the Divje
babe Archaeological Park; original method how to
asses reflection of palaeoclimate on clastic cave sedi-
ments; first discovery of the fossilized hairs of the cave
bear (Ursus spelaeus); first analysis of the hearth con-
text and the explanation of related rituals and other
Neaderthal activities; new evidences of Neanderthal
bone artefacts including the oldest direct evidence of
the existence of music, represented by the discovery of
the exceedingly capable musical instrument made from

the cave bear’ bone.

Key words: Divje babe I, palaeolithic, palaeoclimate,
chronology, discoveries (neanderthal musical instru-

ment)
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Uvod

Slovenski paleolitik se ponasa s tremi pomemb-
spodmolom in Divjimi babami I, navedenimi v
vrstnem redu odKritja. Tokrat bom povzel po-
membnejsa dognanja v slednjem, ki je poveza-
no tudi z mentorstvom slavljenke prof. dr. Vide
Pohar pri mojem in $e dveh doktoratih™ 2], ne-
posredno povezanih z najdiS¢em in najdbami.

0 Divjih babah I je bilo vklju¢no s Stirimi dokto-
rati napisanih veliko ¢lankov in objavljeni dve
monografiji, od tega ena v dveh delih®®* 5, Vse
po zaslugi dolgotrajnih, obseznih izkopavanj
in skrbnega zbiranja ter dokumentiranja vseh
mogocih najdb. Po koncanih izkopavanjih je
bilo najdisce tudi ustrezno zasciteno in ponu-
jeno na ogled zainteresirani javnosti. S tem pa
Se zdalec ni bil iz¢rpan njegov potencial, tako
strokovni kot ekonomski. Sedimenti z najdba-
mi, odkopani do globine 12 m, se namre¢ pred
jamo nadaljujejo domnevno do globine 50 m.
V sami jami je bil sistemati¢no raziskan le del
povrsine do globine 5 m. Ohranjena je vsa naj-
diS¢na infrastruktura (elektrika, Zi¢nica), po-
trebna za izvedbo kvalitetnih izkopavanj. Zato
se bo izkopavanje v prihodnosti lahko nadalje-
valo, sodobnim standardom ustrezno. Obstaja
tudi idejni nacrt za ekonomsko izkoriS¢anje
najdisca, ki je v svetu Ze dolgo prepoznavno po
najdbi najstarejSe piScali, pravilno glasbila, o
katerem obstajajo razlicna strokovna mnenja
B3.5-151 V okviru Arheolo$kega parka Divje babe
bi na vidnem mestu ob magistralni cesti Idri-
ja-Tolmin v kraju Reka postavili razstavni pavi-
ljon v obliki edinstvene piscali. Ustnik glasbila
bi bil vhod, odmevnik izhod, Stiri luknjice okna.
Obiskovalci bi se sprehodili skozi paviljon in se
seznanili z najdiS¢em z audiovizualnimi pripo-
mocki in razstavljenimi najdbami. Po Zelji bi se
zapeljali v Sebrelje, v zaselek z razgledom na
Cerkljansko hribovje z Bohinjskimi gorami v
ozadju, sestopili po zavarovani poti do jame in
si ogledali ohranjene ve¢metrske profile z lepo
vidnimi plastmi in ostanki ognjiS¢. Paviljon bi
zaradi svoje nenavadne oblike in prirojene ¢lo-
veske radovednosti pritegnil vsakega mimoido-
Cega turista. Obisk bi bil tako zagotovljen in z
njim vse posredne koristi za lokalno skupnost.
Razen tega bi Slo za izvirno arhitektonsko resi-
tev razstavnega objekta, ki mu v bliznji in daljni
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okolici ne bi bilo para. S taksno edinstveno re-
Sitvijo bi izvirno promovirali enkratno najdbo
in se hkrati $li uspeSno turisti¢no promocijo in
prepoznavnost.

Naj po tem utopitnem razmisljanju preidem k
pomembnejSim strokovnim dosezkom izkopa-
vanj v Divjih babah I.

Kronostratigrafija in
paleoklimatologija

Casovni okvir najdi$¢a je doloéen z vrsto radi-
ometri¢nih datumov (**C, uranova serija, ESR)
za vec¢ino od 26 geoloskih plasti, in sicer od
115 000 let do 40 000 letl. Natan¢nej$a kro-
nostratigrafska cClenitev najdiS¢nega profila
je bila mogoca na podlagi sedimentoloskih in
paleontoloskih analiz ™. Izsledki prvih in dru-
gih se med seboj dopolnjujejo. Sedimentoloske
analize so zajele fizikalne in (bio)kemicne la-
stnosti sedimentov. Na tej podlagi smo celoten
profil razdelili na ve¢ zaporedij (»faciesov«), ki
se med seboj znacilno razlikujejo!* *. Pri tem
smo uporabili nekatere inovativne prijeme za
dolocCevanje temperature in vlage med sedi-
mentacijo™ - 18, tj. v mlajSem pleistocenu, ko
so se dogajale Stevilne klimatske in okoljske
spremembe tako na regionalni kot globalni rav-
ni. Kot priblizek za temperaturo so nam sluzili
zmrzlinski klasti (kongelifrakti), za vlago pa re-
liefno korodirani klasti in fosfatni agregati. Gre
za preproste in ucinkovite metode, ki temeljijo
na dolocanju Stevil¢nih deleZev pri omenjenih
klastih in nasipne gostote pri agregatih in pred-
postavki, da je spreminjanje vrednosti od plasti
do plasti oz. od vzorca do vzorca pri zveznem
vzorcevanju povezano z dolgoro¢nimi nihanji
temperature in vlage. S to metodo in radiome-
tricnimi datumi smo ugotovili izrazito klimat-
sko in posredno okoljsko mejo v plasti 11-12
(ok. 74 tisoc let), tj. na prehodu zgodnjega glaci-
ala (OIS/MIS 5) v visoki glacial (OIS/MIS 4 - 2)
(slika 1). Ta meja, ki deli profil na dva izrazito
razli¢na dela, ni vsestranska, ki bi bila sledljiva
v vseh zbranih in analiziranih sedimentoloskih
podatkih. Tako je izrazita meja zrnavosti v pla-
sti 14-15 ali priblizno 50 cm globlje, v zastopa-
nosti mnoZi¢nih kostnih ostankov in fosfatnih
agregatov v plasti 12-13 in v nekaterih kemic¢-
nih komponentah (zmanjsanju P205 in pove-
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Medledena doba Zgodnja poledenitev Polna poledenitev Sedanjost
Interglacial Early Glacial Full Glacial Present
Slobina 9.5 m 6.1m 4.5m 2.5m 0.4 m
Depth 9.0 m 5.9 m 3.8m 2.2m 0.3m
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Slika 1: Klimatogram in kronostratigrafija najdis¢a Divje babe I. Navpicne crte oznacujejo mesta zastojev/upocasnitev

sedimentacije. A-C so zaporedja plasti (»faciesi«) ..

¢anju Si02) v plasti 13-14 ali pribliZzno 20 cm
globlje.

Analiza kemicne sestave sedimentov, ki jo gra-
dijo tri glavne komponente, ni omogocila tako
dobre povezave s klimo kot preoblikovanost
klastov®. Komponenta P,0, ki je biokemicna,
katere izvor so mnoZi¢ni kostni ostanki jamske-
ga medveda, je od vseh Se najbolj povezana s
klimo, natancneje, s povecanjem vlage. Zasto-
panost Si0,, ki dobro ponazarja alohtono ne-
karbonatno terigeno komponento, kaze manj
jasno povezavo s klimo, ¢eprav je bil njen vnos
povezan predvsem z zmanjSanjem padavin in
povecanjem eolskega delovanja, kar se je doga-
jalo zlasti v bolj suhem zgodnjem glacialu, ki ga
predstavlja spodnji del profila, in v prehodu iz
zgodnjega glaciala (OIS/MIS 5) v visoki glaci-
al (OIS/MIS 4). NajmanjsSo povezanost s klimo
prikazuje porazdelitev U, ki ponazarja mobilne
kemi¢ne komponente. Do mobilizacije in kon-
centracije U je prihajalo predvsem v obdobjih
zastojev/upocasnitev sedimentacije. To se je
zgodilo najmanj Stirikrat v razlicnih obdobjih.
Zastoji so bili dolgi od najmanj 5 000 do naj-
ve¢ 40 000 let, skupno do danes kar 72 000
let (slika 1). Ugotovljeni so bili na podlagi ESR-
-datumov (slika 2), mocnejSega preperevanja
kosti, izrazenega s poveCanjem mase Kostnih
drobcev, povecanja Stevila reliefno korodiranih
klastov kot ostankov korozije stropa in sten iz
obdobij stabilnega jamskega svoda ter poveca-
nega Stevila preperelih kamnitih artefaktov.

Klimatskim spremembam se je prilagajalo ra-
stlinstvo in Zivalstvo, kar se izraza v razli¢ni

sestavi najdene favne malih in velikih sesalcev
ter oglja in peloda Stevilnih drevesnih vrst ter
zeliS¢ v zgodnjem in visokem glacialu ter del-
no v slednjem!* . Najdi$ce je izredno bogato
z ostanki malih sesalcev in lesnega oglja, ki se
je ohranilo v 21 ognjis¢ih™ . Znacilna je velika
pestrost ostankov na ravni vrst.
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Slika 2: Stopnicast graf ESR-datumov (koledarskih) v

profilu Divjih bab | nazorno prikazuje tri najdaljse zastoje/
upocasnitve sedimentacije. Sivi pas zamejuje *C-datume (BP)
za plasti 2-201"],

Paleolitske najdbe

Paleolitske najdbe pripadajo trinajstim sre-
dnjepaleolitskim horizontom (musterjenu v
SirSem pomenu besede) in enemu zgodnjemlaj-
Sepaleolitskemu (orinjasjenu)®. Obisk jame je
bil dolgoro¢no klimatsko odvisen z vrhunci
obiskov in bolj ali manj stalnimi obiski v mr-
zlih obdobijih in padci ter sporadi¢nimi obiski
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v toplejsih klimatskih fazah. Zanimivo je, da
se paleolitska dinamika obiskov jame sklada z
dinamiko prisotnosti jamskega medveda, ki se
je prav tako dolgoroc¢no ravnal po klimi, le da
je v njegovem primeru verjetno igrala odlocil-
no vlogo vlaznost, ki je spodbudila tekmovanje
za zimski brlog med samotarskimi samci na
eni strani in samicami z mladici in odstavljeni-
mi mladici na drugi (slika 3). Vrhunci obiskov
jamskega medveda in paleolitskih uporabnikov
jame se le redko ujemajo. Na podlagi tega lahko

Jamski medved / NISP of cave bear
1000 3000 5000 7000
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S
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Sedimentacijski nivo / Sedimentation level (cm)
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T/
T/,
T
T/
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St. Artefaktov / No of artifacts

Slika 3: Odnos klima—clovek—-jamski medved v najdiscu
Divje babe I. Sedimentacijski nivoji na levem grafu, oznaceni
z zvezdicami, vsebujejo ostanke ognjis¢. A-H so musterjenski
(moustérien) horizonti, 0 je orinjasjenski (aurignacien)
horizont. Klimo oznacujejo velike crke: T(oplo), M(mrzlo),
S(uho), V(lazno). Vsi kamniti artefakti so oznaceni s polnimi
pikami, vsi dolocljivi ostanki jamskega medveda (NISP -
Number of identified specimens) s praznimi kvadrati®.
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sklepamo, da so se v jami zadrZevali izmenicno.
Je pabila jama brlog nedvomno tudi eno od pri-
zoriS¢ tekmovanja in bliznjih sre¢anj med jam-
skim medvedom in neandertalcem/?l.

Mnozi¢ni obiski jamskega medveda v jami pre-
ko celega leta, dokazljivi s korelacijo med pelo-
dom Zuzkocvetk in ostanki jamskega medveda,
in pogosti pogini ob koncu prezimovanja so se-
dimentom primesali ogromne koli¢ine dlak. Te
so se izjemoma ohranile v fosfatnih agregatih
v obliki odtisov ali kot psevdomorfne oblikel®],
ki verno posnemajo dlake (slika 4). Gre za prvo
tovrstno odkritje v pleistocenskih jamskih se-

100 mikro metrov
100 micro meters

=

Slika 4: Mikro CT-posnetek fosilizirane dlake z vidno medulo v
prerezu, kot se je ohranila v fosfatnem sprimku. Posnetek je bil
narejen na Zavodu za gradbenistvo v Ljubljani.

dimentih, ki so ga po objavi leta 1995 potrdila
podobna odkritja v svetul?% 22,

Med obcasnimi paleolitskimi obiskovalci jame
in njenim bolj stalnim uporabnikom jamskim
medvedom so se stkale vezi na ekonomski in
metafizi¢ni ravni. MaloStevilni paleolitski obi-
skovalci za seboj niso pustili omembe vrednih
ostankov lovskega plena, medtem ko je v jami
prezimovalo in poginilo na tiso¢e medvedov, ki
so bili samo izjemoma plen prvih™ . Zato Div-
jih bab I ne moremo oznaciti kot lovske posto-
janke. Ohranilo pa se je vecje Stevilo ognjis¢ in
kamnitih izdelkov, ki pri¢ajo o razli¢nih dejav-
nostih, vezanih na prezZivetje, kot tudi o obre-
dih, povezanih z jamskim medvedom in kultom
plodnostiPl. V prvi vrsti je Slo za izkori$¢anje
mozga in mascob, shranjenih v kompaktnih
dolgih kosteh naravno poginulih odraslih jam-
skih medvedov, v razlicne namene. Te so bile
dostopne izklju¢no ljudem, ki so debelostenske
kosti z mozgom lahko brez teZav razbili. Siste-
mati¢nega lova na odrasle osebke obeh spolov
ni bilo, Se manj na mladice, ¢eprav v najdiscu
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mocno prevladujejo ostanki enoletnih in neko-
liko starejsih mladicev, ki spadajo med najbolj
ranljiv del populacije in bi lahko bili lahek plen
paleolitskih lovcev. Bili pa so odkriti nedvou-
mni znaki ¢as¢enja medvedjega para v povezavi
s kultom lobanj ter rojstvom in smrtjo. Prese-
netljiva je podobnost med (obrednim) ravna-
njem z nekaterimi ostanki jamskega medveda,
kot so izbrane dolge kosti in lobanje odraslih
primerkov, in posmrtnimi ostanki odraslih ne-
andertalcev, kot jih poznamo iz ve¢ neandertal-
skih pokopov v podzemnih jamah. O tem smo
podrobneje pisali v najdiS¢ni monografiji in
drugih prispevkih.

Najdisce je dalo tudi nekaj klju¢nih srednjepale-
olitskih (musterjenskih) najdb. Mednje spadajo
izdelki iz rogovine in kosti, ki potrjuejo ob¢asno
uporabo teh materialov v €asu in prostoru zZe
v obdobju srednjega paleolitika (> 40 000 let).
Sicer so ti materiali prisli v sploSno rabo Sele v
zaCetku mlajSega paleolitika (orinjasjena) pred
40 000-30 000 leti, kar je z najdbo konice suli-
ce z razcepljeno bazo in odlomkov dveh konic
kopij/sulic, ene z razcepljeno bazo in druge z
domnevno masivno, v najmlajsi plasti 2 lepo
razvidno tudi v Divjih babah I > 2324, Najdbe
teh konic nam omogocajo potegniti kulturolo-
Ske vzporednice s Potocko zijalko in drugimi
Kljucnimi orinjasjenskimi najdisci v Evropi (Is-
tallésks, Fumane, Geissenkldsterle, Vogelherd,
Hohle Fels), za katere je znacilen tudi razcvet
upodabljajoce umetnosti in navsezadnje glas-
be. Da so omenjene najdbe iz nastetih najdisc
tudi kronometri¢no bolj ali manj so¢asne, nam
potrjujejo Stevilni radiometri¢ni datumi.

Druga zgodba so musterjenske kos¢ene Kkoni-
ce sulic. Te so velika redkost, vendar dejstvo,
ki je dobilo potrditev tudi v Divjih babah I. Gre
za vsaj tri takSne najdbe iz razli¢nih plasti, ka-
terih starost se giblje od 50 000 do 110 000
let®. Med njimi in orinjasjenskimi konicami so
2-8 m debele plasti z musterjenskimi kamni-
timi artefakti, kar ne dopusc¢a dvoma o njihovi
pripadnosti in starosti.

Neandertalsko glasbilo

Najvecje presenecenje izkopavanj je bila najdba
t.i. ,piscali“leta 1995 v cementiranem delu pla-
sti 8, dva metra in pol pod plastjo 2 z Ze omenje-

nimi najdbami orinjasjenskih konic, ki omogo-
Cajo direktno povezavo z najdisci paleolitskih
piscali v Nemciji in drugod. Te so radiometri¢no
20 000-30 000 let mlajSe od naSe najdbe. Zato
je bila ta po vsemu sode¢ nesporno starejSa od
do tedaj najstarejSih piscali. Povrhu vsega jo
je lahko na podlagi sedanjega védenja izdelal
samo neandertalec, nasprotno od drugih, ki
so jih po splosSnem prepricanju naredili mo-
derni ljudje. M. Brodar je bil sicer drugacnega
mnenja in je najdbo skupaj z drugimi kosceni-
mi izdelki pripisal zgodnjemu valu anatomsko
modernih ljudi v Evropi?® 24, za katerega pa ni
neposrednih dokazov v obliki skeletnih najdb.
Te so vse mlajse od 40 000 let. Med naso najd-
bo in drugimi so obstajale tudi ocCitne razlike v
izboru kosti, merah glasbila in tehniki izdelave
lukenj?>-271, kar vse kaZe na posebno tradicijo,
ki je bila grobo prekinjena z izumrtjem nean-
dertalcev. Zaradi navedenih dejstev je prislo do
burnega odziva dela stroke in spodbijanja ume-
tnega izvora najdbe® ¥, kar je bil edini mogo¢
prijem, ki je ostal kritikom. Vendar je treba po-

rezilni rob Pyt
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ustnik / mouthpiece cuttingedge | 1
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Slika 5: Rekonstruirano glasbilo iz Divjih bab I. Rekonstruirani
deli so $rafirani. Luknjice so ostevilcene 1-5. Stevilka 4 je
izjeda, ki se lahko s prstom oblikuje v luknjico. Stevilka 6 je
odmevnik in zapiralnik® 2,
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udariti, da je dvom temelj znanosti in kot tak
dobrodosel tudi v naSem primeru, ko je Slo za
razlago najdbe.

Vprasanje, ali je t. i. »piS¢al« naredil clovek z
orodji ali doloCena zver z zobmi, je razdelilo
paleolitsko stroko na dva tabora. V nasprotju z
delom arheologov so naravoslovci in glasbeni-
ki od zacetka povsem prepricani, da je najdba
glasbilo in izkljucujejo kakrsen koli naravni iz-
Vor.

Devetnajstlet po odkritju in letih vsestranskega
preucevanja izjemne najdbe lahko trdim, da gre
za izdelek ¢loveske rokel®., Se ve¢, gre za genial-
ni izdelek, ki prekasa vse druge podobne pale-
olitske izdelke in se lahko po zmogljivosti kosa
z vsemi sodobnimi aerofonimi glasbili. Zato sta
prvotni oznaki pisc¢al in/ali flavta neustrezni,
ker najdba ni niti eno niti drugo, temvec poseb-
no, doslej nepoznano glasbilo, ki so ga izdelali
in uporabljali izumrli neandertalci.

Njegove znacilnosti so naslednje (slika 5): dol-
zina samo 11,6 cm, tri prstne luknjice zgoraj in
ena dlan¢na spodaj, asimetric¢ni ustnik z rezil-
nim robom na SirSem delu ovalnega prereza di-
afize, odmevnik in zapiralnik z izjedo na zgornji
povrsini, kjer so prstne luknjice. I1zjeda se lahko
s prstom po potrebi za¢asno oblikuje v dodatno
luknjico, tako da jih je skupaj 5 ali toliko, kot je
prstov na eni roki. Na inStrument se igra dvo-
rocno, pri cemer z uporabo spodnje luknjice do-
sezemo ucinek Se enkrat podaljSanega zracne-
ga stolpca. Drugace povedano: namesto dolzine
23,2 cm zadostuje pol manj. To je trik, ki se ga
sodobna pihala ne posluzujejo. Ta so tudi tem-
perirana, medtem ko nase glasbilo ni, kar daje
interpretu ve¢ moznosti za izvajanje glasbe in
predvsem improviziranje. Ker je bilo glasbilo
narejeno iz leve stegnenice priblizno enoletne-
ga jamskega medveda, je bilo namenjeno desni-
Carju. V nasprotnem primeru bi bilo narejeno iz
desne stegnenice. Leva stegnenica te velikosti
je bila nedvomno izbrana namenoma, Ker je z
dodanimi luknjicami, rezilnim robom in od-
mevnikom ergonomsko oblikovana in dimenzi-
onirana tako, da se optimalno prilega ustnicam,
dlani in prstom. Prav tako je bilo nacrtovano
Stevilo luknjic, njihova velikost in razporeditev,
kar edino omogoca optimalno vzbujanje glasbi-
la. Njegov obseg je neverjetne tri oktave in pol,
kar je bistveno vec¢ kot pri mlajSepaleolitskih
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pisc¢alih iz pti¢jih kosti. Pomembno je, da sta
se na glasbilu ohranili dve luknjici in ostanek
priostrenega rezilnega roba. Preostali luknji-
ci sta samo delno ohranjeni zaradi kasnejsih
poskodb, do katerih je priSlo pred vkljucitvijo
najdbe v sediment (breco). Neodvisni mikro
CT-analizi najdbe sta potrdili enak nastanek ce-
lih in delno ohranjenih luknjic™* ?7. Vse so bile
narejene s prebijanjem s topim koS¢enim Silom,
vstavljenim v umetno vdolbinico, narejeno s
kamnito konico™. Po orodjih se je udarjalo z
lesenim tolkacem. Kamnita in koS¢ena orodja s
taksnimi konicami so znacilna za najdisce in so
zagovornike glasbila spodbudila k eksperimen-
tiranju z njimi. Tako so lahko ponovili postopek
izdelave lukenj, ki je preprostejsi in u¢inkovitej-
$i od vrtanja in dolbljenja, ki se je uporabljalo v
mlajSem paleolitiku. Pri tem postopku ni sledov
orodij v obliki raz, luknje pa se tezko lo¢i od ti-
stih, ki so jih v doloCenih primerih lahko nare-
dile zveri s kanini. Sledovi orodja v obliki raz
ipd. se od kritikov najdbe zahtevajo kot dokaz
za ¢lovekov poseg. Pri tem se ne uposteva, da je
bila originalna najdba v ¢asu sedimentacije iz-
postavljena mocni koroziji, ki je do dobra nace-
la povrsino in izbrisala morebitne nedvoumne
sledi orodij. Te bi pricakovali zlasti ob ravno
odrezanem in priostrenem ustniku. Zal je tudi
tu povrSina mocno Kkorodirana. Vendar orodja
vedno ne puscajo sledi. Poskusno sem naredil
veliko lukenj v sveze in fosilne Kkosti s paleo-
litskimi in modernimi vrtalnimi in klesalnimi
orodji. V veC primerih ni bilo nobenih sledi oro-
dij, kar sta potrdili tako opticna mikroskopija
kot mikro CT lukenj in okolice. Po drugi strani
kritiki najdbe navajajo sledi zob in jih povezuje-
jo z luknjanjem, zatrjujoc¢, da so luknje v kosteh
splosen pojav v jamah brlogih. V naSem prime-
ru to ne drzi, ker je v Divjih babah I med mili-
jonsko mnoZico samo 0,02 %o tako ali drugace
naluknjanih Kkosti. Stevilo lukenj na glasbilu in
njihova razporeditev tudi nimata primerjave
v nobeni kosti, ki jo je v preteklosti naluknjala
katera koli zver. Zaradi Ze omenjene korozije so
se zameglili tudi domnevni sledovi zob, tako da
je tezko razlikovati med korozijskimi poskod-
bami in tistimi, ki so bile narejene z zobmil*.
Moznost, da je kost predhodno in kasneje, ko
je bila v funkciji artefakta, poskodovala kaksna
zver, ni izklju€ena. Vendar to ne pomeni, da jo
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je v celoti preoblikovala in naluknjala zver kot
trdijo kritiki. Primerov, ko so paleolitske kosce-
ne artefakte obgrizle zveri, je precej. Poskusi
luknjanja ustreznih svezih kosti z maketami
zobovja volka, hijene in medveda ter meritev
sile so pokazali, da nobena zver ne bi mogla
tolikokrat naluknjati kost s kanini, ne da bi ta
pri tem vzdolZno pocila in se razklala®®. To bi
bil tudi njen namen, ne pa naluknjati kost brez
enega samega napacnega ugriza tako, da deluje
kot odli¢no glasbilo. Slednje je lahko s premi-
slekom in na podlagi izkuSenj Stevilnih gene-
racij storil samo ¢lovek. Glasbena raziskovanja
najdbe so pika na »i« v razpravi o najstarejsi
»piScali«® > 28 ker so ovrgla Se zadnje dvome
0 njenem umetnem izvoru in so nepremagljiva
ovira vsem Kkritikom. Tako bodo Divje babe I
ostale v zgodovini paleolitskih raziskav kot prvi
prepricljiv dokaz, da je inStrumentalna glasba
starejSa od upodabljajo¢e umetnosti. Nadejamo
se, da ne bodo tudi zadnji.
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cevo bogato raziskovalno in pedagosko pot,
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znanstveno publicistiko.
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nagrajena s PreSernovo nagrado, in pri magistr-
skih delih Aleksandra Horvata, Katarine Oblak
Brown in Matije KriZnarja. Bil je tudi somentor
pri treh diplomskih nalogah. Pavsicevo peda-
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mednarodnih znanstvenih srecanjih, simpozi-
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ke na meji kreda-terciar je leta 1990 prevzel
koordinatorstvo raziskav za Slovenijo v okviru
mednarodnega projekta IGCP 308. Kot prvi av-
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Narava v gorskem svetu. Paleontoloskim nav-
dusencem v veselje, Studentom pa v pomoc pri
ucnem procesu je bila njegova prva samostojna
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Abstract

The article brings a review of the Early Jurassic bra-
chiopods from two neighbouring carbonate platforms,
the Julian and the Dinaric. It is based on the previously
published data supplemented by the author's study of
some newly collected fossils. The new brachiopod spec-
imens were serially sectioned, but the quality of their
preservation was generally not good. For this reason,
the presence of the Pliensbachian genus Livarirhynchia
and the Toarcian genus Soaresirhynchia on the Dinaric
Carbonate Platform margin still lacks a confirmation
by the appropriate internal structures. The brachio-
pod diversity and distribution were mainly controlled
by sedimentary and tectonic paleoenvironments. The
morphology of many Mediterranean-type pre-Toarcian
brachiopods was particularly suitable for the setting of
the Hierlatz-type facies limited to the Julian Carbonate
Platform.

Key words: brachiopods, Early Jurassic, Slovenia,
Dinaric Carbonate Platform, Julian Carbonate Platform

Izvlecek

Prispevek prinasa pregled spodnjejurskih brahiopo-
dov s sosednjih karbonatnih platform, Julijske in Di-
narske. Temelji na predhodno objavljenih podatkih,
ki jih dopolnjuje avtori¢ina raziskava novonabranih
fosilov. Novi primerki brahiopodov so bili preiskani z
metodo zaporednih odbrusov, a jih vecina Zal ni bila
dobro ohranjena. To je tudi razlog, da prisotnost pli-
ensbachijskega rodu Livarirhynchia in toarcijskega
rodu Soaresirhynchia na robu Dinarske karbonatne
platforme Se ni podprta z dokazi ustreznih notranjih
struktur. Brahiopodna diverziteta in distribucija sta bili
pogojeni predvsem s sedimentacijskimi in tektonskimi
paleookolji. Morfologija mnogih predtoarcijskih brahi-
opodov mediteranskega tipa je bila posebej primerna
za okolje faciesa hierlaskega tipa, ki je bilo omejeno na
Julijsko karbonatno platformo.

Klju¢ne besede: brahiopodi, spodnja jura, Slovenija,
Dinarska karbonatna platforma, Julijska karbonatna
platforma
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Introduction

The Early Jurassic brachiopods in present-day
Slovenia are neither abundant, nor exceptio-
nally well-preserved. No important Lower Ju-
rassic brachiopod macrolocalities were added
after the pioneering era of Austro-Hungarian
geologists, and few if any technical papers on
these topics were published. Still, three types

of brachiopod assemblages stand out (Fig. 1):

— the brachiopods of the Hierlatz-type facies;
found in the vicinity of Bohinj™-3! and on Mt.
Stol™* 5 both on the Julian Carbonate Plat-
form, with the Bohinj localities belonging to
its deepened part, the Bled Basin'®};

— the brachiopods belonging to the infor-
mal Hesperithyris-Lychnothyris group sensu
Voros!” and associated with the Pliensbachi-
an lithiotid facies!® 8-1%; several outcrops on
the Dinaric Carbonate Platform;

— the Early and/or Middle Jurassic brachio-
pods from Trnovski gozd™ *14; during the
Jurassic period, these brachiopods inhabited
the northern margin of the Dinaric Carbona-
te Platform™°l.

In a small-scale way, these findings reflect the
trends and events in brachiopod history, which
often make sense only after considering a bro-
ader picture. This article aims to summarize
local and regional perspectives on the Early Ju-
rassic brachiopod faunas from Slovenia.

AUSTRIA
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Figure 1: Position of the main Early Jurassic brachiopod areas
in Slovenia

Results
Brachiopod fauna from the Bohinj area

In 1858, the following Early Jurassic brachi-
opods from the surroundings of Jereka were
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listed: Rhynchonella hoernesi, Rhynchonella
rigida, Rhynchonella serrata?, Spiriferina pyra-
midalis?, Spiriferina rostrata, Terebratula co-
lumbella and Waldheimia partschii®®®. In 1920,
another determination of the brachiopods from
the Bohinj area (Bitnje, Bohinjska Ce$njica, Je-
reka) was published, inferring at least two se-
parate samplings!, so the resulting cumulative
faunal list should be regarded as a general in-
formation only (Table 1).

The locally prevalent Lower Jurassic strata are
massive crinoidal limestones that can laterally
and vertically pass into ooidal limestones!? 3
historically, the crinoid-rich part was the one
compared to the Austrian Hierlatz limestone!?,
while recently the bedded, often cherty lime-
stones with echinoderms were described as the
local Hierlatz facies!®. The thickness of indivi-
dual beds can exceed 2 m™*,

As an addendum, the brachiopods from the Early
Jurassic crinoidal limestones of Mt. Stol (Karavan-
ke Mts.)* % should be mentioned (Table 2).

The costate rhynchonellids existed alongside
the terebratulids and the terebratellids. The
members of the order Terebratulida numeri-
cally prevail™.

Brachiopod fauna associated with the
Pliensbachian lithiotid facies

The Slovenian part of the Early Jurassic Dina-
ric Carbonate Platform was covered mostly
by shallow seas where brachiopods were not
abundant®®. But in the proximity of the Dome-
rian lithiotid facies, two characteristic terebra-
tulids, the costate Hesperithyris renierii (Catul-
lo, 1827) and the smooth Lychnothyris rotzoana
(Schauroth, 1865)" 1, locally form mass accu-
mulations. Among numerous localities of the
two species, the Podpec quarry near Ljubljana is
the most renowned one.

Brachiopod fauna from Trnovski gozd

The richest Mesozoic brachiopod levels in Slo-
venia are found on Trnovski gozd. The briefly
mentioned Early Toarcian species Stolmorhyn-
chia bouchardi (Davidson, 1852) from "the Di-
narides of Slovenia"®*® probably came from this
area. The now-untraceable collection of Prof.
Stanko Buser contained the following species
(with the number of specimens in brackets):
Kallirhynchia waehneri (Di Stefano) (16), Rhyn-

Anko, K. P.
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chonella adunca Oppel (3), Rhynchonella clesia-
na Lepsius (58), Rhynchonella erycina Di Stefa-
no (7), Rhynchonella explanata Di Stefano (3),
Rhynchonella pentagonensis n. sp. (10), Rhyn-

chonella ucinensis Di Stefano (4), Rhynchonella
vigilii Lepsius (46), Rhynchonella ximenesi Di
Stefano (16), Terebratula cernagonensis Martel-
li (>200) and Terebratula lossii Lepsius (6)1.

Table 1: The determined brachiopod taxa from the vicinity of Bohinj
(N - number of specimens, H - Hettangian, S - Sinemurian, P - Pliensbachian, T - Toarcian)

Determined species!!! N References to the revised type specimens of the species Age Remarks
Rhynchonella cf. Albertii Opp. 2 ggg:::zﬁz géﬁ&fzf&g?gg}’;ﬁ??g;::21] :: g costate rhynchonellid
Rhynchonella De Lottoi Dal Piaz 3 costatel??l rhynchonellid
Rhynchonella cf. Delmensis H. Haas 2
Rhynchonella Fabianii Dal Piaz 1 costatel?? rhynchonellid
Rhynchonella fascicostata Uhlig 3 Calcirhynchia fascicostata (Uhlig, 1879)!1516.19.21] H,S, P costate rhynchonellid
Rhynchonella fascicostata nov. var. densicosta 2
Rhynchonella “cf. fascicostata Uhlig” O. Haas 2
o Prianorhyn_c_ixiaﬂabellum S P )
Rhynchonella flabellum Meneghini 2 [Mleneghml in Gemmellaro, 1874)1"7-*91 sp costate rhynchonellid
Prionorhynchia? flabellum (Gemmellaro, 1874)16.23] ’
Cuneirhynchia fraasi (Oppel, 1861)115 16.19.211 S, P
Rhynchonella cf. Fraasi Opp. 5 Cuneirhynchia(?) fraasi (Opp.)!**! S costate rhynchonellid
Prionorhynchia fraasi (Oppel, 1861)!17:18.2425] H,S, P
Rhynchonella palmaeformis 0. Haas 29 Lokutella palmaeformis (Haas, 1912)116.23.26] PT costate rhynchonellid
Rhynchonella cf. palmata Opp. 1 grg‘:g%;ﬁgﬁ ap;gﬁ:;ia(?gs;:;l,lfgé%;s:j;ﬂ g: g costate rhynchonellid
Rhynchonella peristera Uhlig 1
Rhynchonella cf. peristera Uhlig 3
Rhynchonella Scherina Gemm. 1 Prionorhynchia cf. scherina (Gemm.)!*%! P costate rhynchonellid
Rhynchonella “sp. indet.” Parona 1
Rhynchonella cf. subdecussata Uhlig 1
Rhynchonella cf. tetraédra Parona (Sow.?) 1 “Tetrarhynchia tetrahedra” (Sowerby, 1812) costate rhynchonellid
Rhynchonella triquetra Gemm. cf. var. Boeseana 1 ”R}.lynchonellul" triquetra Gemmellaro, 187411521.27] S, P costate rhynchonellid
0. Haas Prionorhynchia? triquetra (Gemmellaro, 1874)0¢ N
Rhynchonellina Telleri n. sp. 2 costate? smooth? rhynchonellid
Spiriferina alpina Oppel 12 Liospiriferina alpina (Oppel, 1861)115-17.19,21,24,28-30] H,S,P smooth spiriferinid
Spiriferina angulata Oppel 7 Liospiriferina angulata (Oppel, 1861)17:1%21.29] S smooth spiriferinid
Spiriferina cf. decipiens Schlosser 2
Spiriferina expansa var. plicata Par. 3
Spiriferina gryphoidea Uhlig 11 i?;gzg;;}re'fi‘g;ggggsfdg:l[i[%h}iZ?gg;]‘J)[15'“' 28] El. S, P smooth spiriferinid
Spiriferina pyriformis Seg. 3 smooth!?? spiriferinid
Spiriferina rostrata Schloth. 17 Liospiriferina rostrata (Schlotheim, 1822)11% 281 S, P smooth spiriferinid
Spiriferina rostrata Schl. nov. var. sinuata 6
Spiriferina n. sp. indet. 1
Terebratula Aspasia Mgh. typ. (= var. major Zitt.) 10 Linguithyris aspasia (Zittel, 1869)116.17.19.21,25,24,29-31) S, P sulcate terebratulid
Terebratula Aspasia Mgh. var. carinata O. Haas 6
Terebratula Aspasia Mgh. var. Myrto Mgh. 3
Terebratula Aspasia Mgh. (juvenile specimens) 30
Terebratula Cornicolana Canavari 2 Linguithyris cornicolana (Canavari, 1881)!16-23 P
Terebratula De Lorenzoi Bése 8 Rhapidothyris delorenzoi (Bose in Bése & Schlosser, 1900)52 smooth terebratulid
Terebratula Erbaensis Suess 1 Securithyris adnethensis (Suess, 1855)(7.16:19.23.24] P imperforate pygopid!”33
s L ot and Terebrat” nimbaia Oppel 136D
Terebratula nimbata Opp. nov. var. Bohinica 2
Terebratula punctata? Sow. 2 Lobothyris punctata (Sowerby, 1812)116:17.19,21,23.26.29] SSPT smooth terebratulid
s ebraia mophoe Uil 1962 muldplad
Waldheimia alpina Geyer 4 Zeilleria alpina (Geyer, 1889)116.17.19.21,23,24.29] H,S,P smooth terebratellid
Waldheimia Meneghinii Par. 3 Bakonyithyris meneghinii (Parona, 1880)716.2] P sulcate terebratellid!”!
Waldheimia cf. oenana Bose Zeilleria oenana (Bose, 1898)116. 19 S, P
Waldheimia oxygonia Uhlig 5 izfy;zq::;;f i::r?&};sssl:}l;é{ to Securina, but with strongly axiniform
Waldheimia pseudoxygonia 0. Haas 4
Waldheimia Sarthacensis d'Orb. sp. 3
Waldheimia stapia Opp. var meridionalis Dal Piaz 1 Zeilleria stapia (Oppel, 1861)016.17.2430) H,S smooth terebratellid
Waldheimia venusta Uhlig 1 Zeilleria venusta (Uhlig, 1879 [18807])11517.19.21] N smooth terebratellid

Some Early Jurassic brachiopod faunas from Slovenia
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The rhynchonellids were numerically prevai-
ling over the terebratulids™'. While some of
the listed™ species span the Early-Middle Ju-
rassic boundary®™ & 17371, it was the traditional
comparison with the Aalenian fauna from Capo
San Vigilio (Italy) and the usage of literatu-
re on Middle Jurassic localities (notably by A.
Martelli)®V that certainly contributed to the
notion of a predominantly Middle Jurassic-type
fauna.

Brachiopods were collected from Upper Pliens-
bachian peloidal limestones, Lower Toarcian
brownish-reddish limestones and Middle To-
arcian-Aalenian crinoidal-ooidal limestones!.
Since the first brachiopod beds occur relatively
close to the Pliensbachian lithiotid facies below,
they could also be Lower Jurassic in agel® %, but
the absence of any other characteristic fossils
makes it difficult to determine the boundary
between the Lower and the Middle Jurassic
strata. An exemplary studied Pliensbachian-Aa-
lenian succession from Kovk (Trnovski gozd)
further confirmed the presence of the Early
Jurassic brachiopods!??. The several kilometres
long main brachiopod horizon occurs in the
ooidal limestones, its thickness varying from
0.5 m to 2 m!*Y, Large samples of variably pre-
served brachiopods (frequent decortication,
infavourable infilling and recrystallization, but
extremely rare disarticulation) were collected
on Trnovski gozd by the author. The sampling
localities with the best preserved brachiopods
were all discovered (some of them perhaps re-
discovered) by Mr. Stanislav Bacar, who also do-
nated a number of brachiopod specimens. They
are situated outside the above mentioned Kovk
section, so for now their stratigraphic relations
to the Kovk section, to the main brachiopod
horizon and among themselves are not entire-
ly clear. The brachiopod content of these sam-
pling localities included specimens that were

Table 2: The determined ™ brachiopod taxa from Mt. Stol
(H - Hettangian, S - Sinemurian, P - Pliensbachian, T - Toarcian)

provisionally (the internal structures of the
sectioned specimens were not preserved) assi-
gned to the Pliensbachian genus Livarirhynchia
Radulovi¢, 2008 (P1. 1, Figs. 1-4), to the Early
Toarcian species Soaresirhynchia (formerly
Stolmorhynchia) bouchardi (Davidson, 1852)
(Pl. 1, Figs. 6-10) and to Aalenian-type fauna.

Discussion

The classic Hierlatz limestone is a Sinemuri-
an-Pliensbachian facies, formed near subma-
rine fault zones and deposited as neptunian
dyke infills and submarine taluses, geographi-
cally limited to the Northern Calcareous Alps
and the Transdanubian Central Range!®®. Its
macrofossil content consists of bivalves, bra-
chiopods, cephalopods, crinoids, echinoderms
and gastropods!?, the groups also found in the
Hierlatz-type strata from Bohinjl*. The topo-
graphy was especially favourable for brachio-
pods. Comparable contemporaneous brachio-
pod communities of high taxonomic diversity
flourished from present-day Caucasus® & 37 to
present-day Iberian Peninsula®# 28l These pre-
-Toarcian brachiopod communities often in-
cluded taxa of "Mediterranean" provenance;
the term itself stems from their morphological
contrast to the more robust and costate brachi-
opods typical of the Northwestern European
Province™0. Their distribution is thought to be
controlled ecologically (e. g. bathymetrically),
not merely geographically™. The following
characteristics define the "Mediterranean" bra-
chiopod fauna: rhynchonellids and spiriferi-
nids are smooth™", terebratulids can be costate
or perforatel*?, and axiniform, sulcate (dorsal
sulcus, ventral fold)™*! and uniplicate!*”! shapes
are also present. Several of these elements can
combine on a single brachiopod shell. After the

Determined species ! References to the revised type sp 1s of the sp. Age
Rhynchonella cartieri Oppel Cuneirhynchia cartieri (Oppel, 1861)1517.19.21] H, S
Rhynchonella sp. sp.

Terebratula punctata Sowerby Lobothyris punctata (Sowerby, 1812)!16.17.19.21.23.28.29] S,PT
Terebratula stapia Oppel Zeilleria stapia (Oppel, 1861)!6. 17.24.30] H, S

Terebratula sp.
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Early Toarcian oceanic anoxic event, the sur-
vivors with such characteristics didn't recover
until the Bajocian*l.

As the original determination of the brachio-
pods from Bohinj™ did not include any illustra-
tions, the figured type specimens, on which it
was based, served as an approximation for a
preliminary assessment of the basic brachiopod
morphology and faunal composition (Table 1).
These type specimens, revised, now belong to
nine superfamilies: the rhynchonellid Dime-
relloidea (Rhynchonellina), Hemithiridoidea
(Tetrarhynchia), Rhynchonelloidea (Cuneirhyn-
chia), Rhynchotetradoidea (Lokutella, Prio-
norhynchia) and Wellerelloidea (Calcirhynchia,
Salgirella), the spiriferinid Spiriferinoidea (Lio-
spiriferina), the terebratulid Dyscolioidea (Lin-
guithyris, Securithyris) and Loboidothyridoidea
(Lobothyris, Rhapidothyris), and the terebratel-
lid Zeillerioidea (Bakonyithyris, Zeilleria). The
absence of any koninckinid athyridid brachio-
pods is conspicuous.

A sampling bias or not, from both Bohinjand Mt.
Stol localities a preliminary picture emerges of
exclusively costate rhynchonellids. In the Early
Jurassic of the Mediterranean Province costate
and smooth rhynchonellids usually coexisted in
different proportions. Even the predominantly
smooth Pliensbachian brachiopod fauna from
the Bakony (Hungary) owes this status to its
smooth specimens (e. g. of the rhynchonellid
genera Apringia, Nannirhynchia and Pisirhyn-
chia) vastly outnumbering (the equally diver-
se) costate specimens!*?. The dimerellid rhyn-
chonellid brachiopod Rhynchonellina telleri
Hartel, as a notable exception, could be smooth.
So far, no smooth (only costate) dimerellids
are known from Slovenia*®. The costate dime-
rellids of the genus Sulcirostra (formerly also
part of the genus Rhynchonellina) tend to form
monospecific and highly endemic assembla-
ges, while the dimerellids occasionally found
in mixed pre-Toarcian brachiopod assemblages
of the Mediteranean Province are mostly smo-
oth?”-291 (genus Rhynchonellina). It is unclear if
a smaller costate variety of Rhynchonellina ho-
fmanni from the Transdanubian Central Range
(Hungary) is a juvenile stage of a larger smo-
oth form®!. The spiriferinids are also smooth.
The short-looped (terebratulids) and the long-
-looped (terebratellids) members of the order

Some Early Jurassic brachiopod faunas from Slovenia

Terebratulida can serve as bathymetric indi-
cators; both Linguithyris and Securithyris (te-
rebratulids) indicate deeper environments4,
the latter being an axiniform genus. A further
corroboration of such axiniform morphology
is the species Waldheimia Partschii™. While it
cannot be automatically "revised" into Securina
partschi™, it most probably was a triangularly-
-shaped terebratellid or its terebratulid home-
omorph. All over the Mediterranean brachio-
pod province, the koninckinids only rarely form
the bulk of specimens at any given locality. The
bathyal rocky slopes were the koninckinids'
main habitate from the Sinemurian to the Late
Pliensbachian.

Both brachiopod faunas imply deeper, but not
very deep, environments. A study of the Early
Jurassic brachiopods from the Tatra Moun-
tains clearly linked calmer and deeper water
conditions with the Mediterranean-type fau-
na, and more shallow, energetic regime with
the Northwestern European-type fauna™®. Re-
gardless of the environmental conditions, no
strong Northwestern European affinities are
expected for the brachiopods from Slovenia.
(Dis)regarding the species' names from the li-
sts above, both faunas could be Sinemurian,
but a Pliensbachian age of the brachiopods
from Bohinj is more probable. If the indicator
species "7 Cuneirhynchia cartieri is confirmed
on Mt. Stol, the inferred Sinemurian age of that
fauna will be proven. The closest analogues to
this fauna are found in northern Italy, Austria
and Hungary (see the references in Table 1).
The association of Hesperithyris renierii and
Lychnothyris rotzoana with the lithiotid facies
on the Dinaric Carbonate Platform in Slovenia
is similar to some Croatian and Italian localiti-
es, though Lychnothyris rotzoana alone is often
listed there*”. On Velebit (Croatia) lithiotids
and brachiopods preserved in living position
occur in lithiotid and brachiopod lithosomes
and tempestite coquinas of shallow subtidal
and lagoonal regions of the inner platform®l.
The connection between the bivalves and the
brachiopods is the low energy environment
they both required. A joint occurence of these
two species is known from the Bakony (Hun-
gary), where they were part of a very diverse
Pliensbachian brachiopod assemblage(?®, while
in the Northern Calcareous Alps they are con-
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sidered a rare southern faunal element®. It is
not known which influence prevailed in assem-
blages from the Bohinj area (representing the
whole Julian Carbonate Platform).

When a new genus and new species Livarirhyn-
chia rajkae Radulovi¢, 2008 was erected from a
group of elongated, fully costate Pliensbachian
brachiopods from Montenegro (the southern
part of the Dinaric Carbonate Platform), the
author incorporated some foreign specimens
of Rhynchonella serrata into its synonymy and
provided criteria for the separation of Liva-
rirhynchia from the genus Prionorhynchia™.
Rhynchonella serrata? was also reported from
Bohinj*®. On Trnovski gozd, Livarirhynchia sp.
forms quite monospecific assemblages, but
a single fragment of a large costate rhyncho-
nellid (Pl. 1, Fig. 5) resembling the genus Cu-
neirhynchia (maybe Prionorhynchia) was also
found. Prionorhynchia fraasi (Oppel, 1861)
was documented in association with L. rajkae
in Montenegro™” and nominally described in
Bohinj™. In Montenegro, the lateral equivalent
of these brachiopods is a limestone facies with
lithiotids®®. The already confirmed Pliensba-
chian localities of Livarirhynchia rajkae are Li-
vari (Montenegro), Sicily (zone of Terebratula
aspasia) and South Tyrol (both Italy)®9.,

Plate 1: The Early Jurassic brachiopods from Trnovski gozd
(dorsal, ventral, lateral and anterior view). 1-4 Livarirhynchia
sp. (specimens K32, K82, K105, K31), 5 ?Cuneirhynchia

sp. (specimen K89), 6-10 Soaresirhynchia cf. bouchardi
(specimens ST1, $4, MG12, Z4, ST5)

RMZ - M&G | 2014 | Vol.61 | pp. 167-175

The widespread Toarcian flourishing of the the
Early-Middle Jurassic®* genus Soaresirhynchia
may have been caused by the Toarcian oceanic
anoxic event®2, The type species, S. bouchardi,
is an index taxon with a great intraspecific va-
riability?® 28 that has been recorded in Algeria,
Bosnia, France, Germany, Great Britain, Italy,
Morocco, Portugal and Spain®?, which makes
its Slovenian population a peripheral one. The
accepted generic definition summarizes its
exterior as "subcircular to transversely oval,
smooth stage extended at least to midvalve,
costae few, simple, rounded anteriorly"®3. The-
se characteristics distinguish the specimens
from Trnovski gozd from the Aalenian-type
brachiopods!®& >4,

Conclusions

In the simplified tripartite division of the Early
Jurassic geography of Slovenia, the Julian Car-
bonate Platform hosted a diverse Sinemurian-
-Pliensbachian Hierlatz-type brachiopod fauna,
the elements of which sporadically appeared
on the Dinaric Carbonate Platform also. The
morphotypes characteristic of the Mediterra-
nean brachiopod province were common until
the Toarcian turnover, although the rhyncho-
nellids were costate. In Toarcian, the biotic cri-
sis affected the brachiopods on both platforms,
but the generalist/disaster brachiopods that
followed are known only from the Dinaric Car-
bonate Platform (more suitable environmental
conditions).
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Abstract

Seven representative geological sections have been in-
vestigated on calcareous nannofossil assemblages at
Medvednica Mt. The sections mostly consist of marly
sediments. This SW part of the Central Paratethys be-
longs to the marginal Sarmatian Sea which was con-
nected to the Eastern Paratethys, and linked through
the Mediterranean to the Atlantic and towards the In-
dopacific during the Middle Sarmatian. Biozone succes-
sion of the deposits ranges from the upper part of NN6
to NN8 calcareous nannoplankton Zone. Throughout
the Sarmatian, the climate was becoming more temper-
ate, with seasonal changes.

Key words: Sarmatian, calcareous nannofossils, bi-
ozonation, paleoecology, Medvednica Mt,
Paratethys

Central

Izvlecek

Na gori Medvednici pri Zagrebu je bilo na zdruzbe
apnencastih nanofosilov preiskano sedem reprezenta-
tivnih geoloskih profilov. Le-te po vecini sestavljajo
lapornati sedimenti. Ta jugozahodni del centralne Para-
tetide je v sarmatiju oznacevalo robno morje, ki je bilo
povezano z vzhodno Paratetido in hkrati preko Medit-
erana z Atlantikom ter med srednjim sarmatijem tudi
z Indopacifikom. Zaporedje biocon v sedimentih kaze
razpon med zgornjim delom NN6 in NN8 apnencastega
nanoplanktona. V celotnem sarmatiju je klima postaja-
la zmerna s sezonskimi nihanji.

Klju¢ne besede: sarmatij, apnencasti nanofosili, bio-
conacija, paleoekologija, gora Medvednica, centralna
Paratetida
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Investigated area

The investigated area was the SW, S and NE
parts of Medvednica Mt. where the following
geological sections were systematically sam-
pled: Podsusedsko Dolje (Dol-I), Kostanjek
(Kst-I), MarkuSevac (Mar-I) and Laz Stubicki
(LSt-I). Additionally three isolated outcrops
(Susedgrad - Jarek (Dol-II), Glavnica (Glv) and
Donje Oresje (Dor)) have been sampled as well
(Figure 1).

Geological setting

First geological information regarding the geo-
logical structure and paleontological contents
of the Neogene deposits on Medvednica Mt.
come from the second half of the 19th cen-
tury (Brusina - 1884, 1892, 1893; Foetterle
-1861/62; Gorjanovi¢-Kramberger -1889,
1898; Pilar - 1883; Vukotinovi¢ - 1855, 1870,
1874 and others). More detailed biostrati-
graphic and paleontological research was
done in the second half of the 20th century,
presented in the works of Kochansky-Devidé
(1957, 1973), Siki¢ (1966, 1967, 1968, 1975),
Sokac (1965, 1967, 1972, 1985), Kochansky-
Devidé & Bajraktarevi¢ (1981), Bajraktarevi¢
(1976, 1986), Basch (1990a, b), Siki¢ (1995)
Vrsaljko (1999), Galovi¢ (2001) and Galovi¢ &
Bajraktarevi¢ (2006).

In a regional sense, Medvednica Mt. belongs to
the Supradinaricum geotectonic unit (Herak,
1986) and represents the northern part of the
Inner Dinaride marginal zone (Siki¢, 1995).

During the Lower Badenian, the transgression
spread over the NE part of Medvednica Mt. and
in the Upper Badenian it further progressed
over the SW parts. At the end of the Badenian,
the Paratethys started to become more isolat-
ed, and characterised by some uplift of blocks
(Avani¢ et al., 2003). During the Sarmatian,
marine sedimentation still existed but toward
the end of the Sarmatian it became less saline
due to the reduced connection with the world
sea (Galovi¢ & Bajraktarevi¢, 2006). During the
Pannonian, the central Paratethys became iso-
lated with more fresh-water character.

Paleoecology and Biostratigraphy

The Sarmatian was characterised by strong
endemism with numerous endemic taxa (gen-
era and species) including phytoplankton (Ju-
rilj, 1957; Jerkovi¢, 1963, 1965; Bajraktarevic,
1983a, b; Galovi¢ & Young, 2012). The bi-
ostratigraphy of the calcareous nannoplank-
ton was investigated in more detail by Jerkovic¢
(1969), Bajraktarevi¢ (1983, 1984), Galovi¢ et
al. (2000), Galovi¢ (2002), Avani¢ et al. (2003)
and Bajraktarevi¢ & Galovi¢ (2004), Galovi¢ &
Young (2012).

The beginning of the Sarmatian defined the
uppermost part of the NN6 - lower part of the
NN7 Zone (Perch-Nielsen, 1985), which was
indentified on the NE slope of Medvednica
Mt. (LSt-I). The boundary of the NN6/NN7
Zone was defined on the NE part of Medved-
nica Mt. (DOr). It is marked by the last occur-
rence or absence of Cyclicargolithus floridanus,
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Figure 1: Topographic map of Medvednica Mt. with localities of the investigated area.
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which is replaced by abundant appearance of
Reticulofenestra pseudoumbilicus. It is charac-
terised by the monofloral development of the
nannoplankton: Reticulofenestra pseudoumbili-
cus and ascidian spicules (as Perforocalcinella
fusiformis). Young & Bown (1991) suggested
that the monospecific cocolithophore repre-
sent blooming in a high-nutrient media. The
‘blooms’ of species P, fusiformis are characteris-
tic for the Sarmatian (Bajraktarevi¢, 1984), but
it is also known from Pannonian sediments of
Hungary where they have their development in
aless saline (2.5-3.8 %o) environment (Bona &
Gal, 1985). It could be explained that the ma-
rine environment was under direct influence
of river input, what caused a drop of salinity in
the upper layers. Furthermore, the beginning
or slight changes in climate and/or circula-
tion was recognized on the basis of rare abun-
dance of colder water species Reticulofenestra
pseudoumbilicus gelida and larger Calcidiscus
leptoporus (Backman, 1980; Ziveri et al,, 2004;
Galovi¢ & Young, 2012).

The Discoaster kugleri - NN7 Zone was identi-
fied for the first time in the N, SW and S part of
Medvednica Mt. on the following localities/lo-
cations: Podsusedsko Dolje, Susedgrad - Jarek,
Markusevac, and Laz Stubicki. The nannoplank-
ton assemblages of this Zone are characterised
by: Calcidiscus leptoporus, C. macintyrei, Coc-
colithus miopelagicus, Co. pelagicus, Discoaster
exilis, D. kugleri, D. variabilis, Reticulofenestra
pseudoumbilicus, Umbilicosphaera rotula, and
U. jafari. The laminated marly sediments of
the varve type (dark/pale microlamination in
succession) were deposited in the deeper ma-
rine part of the semi-enclosed basin where the
coccospheres were also preserved (Galovi¢ &
Bajraktarevi¢, 2006). The near-shore area of
the marginal marine zone, where the upwelling
occurs (Co. pelagicus, Helicosphaera carteri),
was under the influence of seasonal changes
in a more temperate climate. The increased
eutrophication caused nannoplankton blooms
(PuSkari¢ et al.,, 1990; Lees et al., 2004). The
connections with other marine areas (Eastern
Paratethys-Braarudosphaera bigelowi, Reticu-
lofenestra pseudoumbilica, Mediterranean-Cal-
cidiscus macintyrei, Coccolithus miopelagicus,
and Indopacific-Discoaster kugleri, D. exilis, D.

variabilis) during the Middle Sarmatian are still
present but oscillating.

The boundary of the NN7/NN8 Zone has
been established in the SW, S, SE and N part
of Medvednica Mt. at the following locations:
Dolje, Kostanjek, MarkuSevac and Glavnica.
The last occurrence or absence of Coccolithus
miopelagicus and Discoaster kugleri (Martini,
1971; Perch-Nielsen, 1985; laccarino et al,,
2001; Marunteanu, 1999), the lack of most
species representative for the NN7 Zone
and the monospecific development of
H. carteri characterise the nannoplankton
boundary. Based on coccolith association
with Braarudosphaera bigelowii and ascidian
spicules the environment appears to have a
more near-shore character with the drop of
salinity.

In the upper part of the sections (Dol-I, Kst-I,
Mar-I) a calcareous nannofossil assemblage
belongs to the Catinaster coalitus - NN8 Zone
on the SW and S part of Medvednica Mt. The
first occurrences of Catinaster coalitus and Ca.
calyculus characterise this zone. It consists of
Catinaster coalitus, Coronocyclus nitescens, Dis-
coaster broweri, D. challengeri, Reticulofenestra
minutula, Scyphosphaera apsteinii, Sphenolithus
abies, Sph. neoabies, Syracosphaera clathrata.
The environment belongs to the basinal part
of the hemipelagial development (Syracolithus
schilleri, Sphenolithus). The sedimentation was
generated from suspension in a low energy en-
vironment (bentonite clay), and many species
from Eocene, lower Miocene and Badenian are
found in it. A drastic decrease of both individu-
als and species diversity at the end of the Sar-
matian is probably the result of a lower salin-
ity, more near shore influence, and, possibly, a
change in the water chemistry that occurred in
the marginal seas or locally in enclosed bays.
Because of specific conditions (seasonality,
high carbonate content and depth lower than
100 m) this could be the reason of relatively
good preservation of Catinaster coalitus spe-
cies.

Palaeoecological changes through the Sarmatian based on calcareous nannnofossils of North Croatia, Central Paratethys
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Conclusion

The lower Sarmatian part (upper part of the
NN6 - lower part of the NN7 Zone), is identified
on the NE slope of Medvednica Mt., character-
ising shalow and more endemic developments
because of possible river influence. During
the Sarmatian (NN7 - NN8 Zone), in the area
of Medvednica Mt., the climate becomes more
temperate, with seasonal changes (varve type
of sediments) and with a more transgressive
than regressive trend (oscillations of the sea-
level). For the first time the NN8 Zone with Cat-
inaster coalitus has been detected in this part
of the investigated area, which belongs to the
marginal Paratethian Sea. At the end of the Sar-
matian the connections with other oceans be-
came weaker, salinity decreased, and the more
near shore development became predomi-
nant. The connections with Eastern Paratethys
which was linked with the Mediterranean Sea
oscillated and existed until their ends.
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Izvlecek

Prispevek obravnava ostanke zob piknodontnih rib
iz najdis¢a pri Mrzleku blizu Nove Gorice. Iz krednih
(verjetno albijsko-cenomanijskih) plasti smo opisali
in predstavili ralnik (vomer) cf. Polazzodus sp., zobno
plosco cf. Coelodus sp. in nekatere nedolocljive ostanke
zob piknodontnih rib.

Kljuc¢ne besede: ribe, kreda, plosc¢asti apnenci, Solkan,
Polazzodus, Coelodus

Abstract

From an abandoned quarry at Mrzlek fossil fish site,
near Solkan at Nova Gorica remains of pycnodont fishs
are described. Cretaceous platy limestone is probable
Albian-Cenomanian in age. The fossil material compri-
ses avomer cf. Polazzodus sp., arigth prearticular cf. Co-
elodus sp. and a few unidentifiable pycnodont remains.

Key words: fishes, cretaceous, platy limestone, Solkan,
Polazzodus, Coelodus
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Uvod

Ostanki krednih rib s Krasa so znani Ze skoraj
dve stoletji. Prvi zapisi o fosilnih ribah v oko-
lici Komna segajo v leto 1825 (Kriznar, 2013).
Sredi 19. stoletja so paleontoloske raziskave
sistematic¢no zaceli izvajati avstro-ogrski geolo-
gi, med katerimi sta bila Johann Jakob Heckel
in Rudolf Kner. Oba sta preucevala kredne ribje
ostanke iz najdis¢ v okolici Komna, Gorjanske-
ga, Vol¢jega Gradu in drugod. Zadnje vecje delo
o krednih ribah s Krasa so objavili Cavin s so-
delavci (2000). Najdisce pod Sveto Goro (tudi
Skalnica), poznano tudi kot Mrzlek (slika 1),
najdemo okoli leta 1863 (Kner, 1863).

Dosedanje raziskave najdisca
Mrzlek in okolice

Nahajalis¢a krednih rib v okolici Solka-
na pri Novi Gorici med prvimi omenja Kner
(1863: 128). Iz kamnoloma (slika 2) nad cesto
pod Sveto Goro (verjetno gre za najdiS¢e Mr-
zlek) oziroma kot piSe Kner: »aus Steinbruche
am Monte sancto oberhalb der strasse im Ison-
zothale ...«. Kner od tu opisuje ribo Amiopsis
prisca. Dobro ohranjene ostanke krednih rib
iz Mrzleka je opisal Gorjanovi¢-Kramberger
(1895:49), od tod opisuje vrste Amiopsis prisca,
Ancylostylos gibbus, Aspidorhynchus Mts. Sanc-
ti*, Belonostomus Matteuzzi*, Clupea Gaudryi*,
Coelodus latus, Coelodus rostratus (slika 3) in
Opsigonus squamosus. 1z istih plasti pod Sveto
Goro opisuje Stache (1905) kredno Zelvo San-
tiochelys cretacea. D'Erasmo (1946) v svojem
delu o komenskih krednih ribah omenja in pri-
kaze tudi vrsto Opsigonus squamosus iz Mrzleka
(D'Erasmo, 1946: 21).

Calligaris (1992) pri pregledu krednih rib s Kra-
sa, ki so shranjene v TrZaSkem muzeju, omenja
tri primerke rib Diplomystus brevissimus iz naj-
disca Mrzlek. Najstarejsi primerek je bil najden
leta 1899 (Calligaris, 1992: 95), druga dva pa
sta bila podarjena muzeju leta 1984 (Calligaris,
1992: 95). Isti raziskovalec leta 1994 omenja
in prikazuje nekatere najdbe iz Mrzleka, med
katerimi je tudi slika kredne Zelve Santiochelys
cretacea (Calligaris, 1994: 13).

Najdisce Mrzlek omenjajo tudi Dalla Vecchia s
sodelavci (2007), ko opisujejo primerek rodu
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Amiopsis iz italijanskega najdisca pri Vidmu/
Udinah (Dalla Vecchia s sod., 2007: 47). O novih
najdbah krednih rib iz rodov Armigatus, Nota-
gogus, Ancylostylos (?) ter o posameznih najd-
bah zob piknodontnih rib obSirno porocajo
KRIZNAR s sodelavci (2008). Kriznar (2010)
ponovno poroca o najdbah krednih rib iz Mr-
zleka, Kjer je enega izmed odlicno ohranjenih
primerkov pripisal vrsti Armigatus brevissi-
mus. Drugi delno ohranjen primerek je pripisal
rodu Berycopsis (Kriznar, 2010). Iz neznanega
najdisca pri Solkanu prihaja tudi del skeleta pi-
knodontne ribe, ki sta ga predstavila KriZnar in
Jersek (2012: 11) in je del geoloske zbirke An-
tona Bianchija, ki jo hrani Prirodoslovni muzej
Slovenije.

*uporabljamo dosledne prepise vrst Gorianovica-KramsercerIA (1895). Niso usklajeni s
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Slika 1: Geografski poloZaj najdisc¢a in opuscenega
kamnoloma pri Mrzleku (obkroZeno)

Vir: Drzavna topografska karta, Geodetska uprava Republike
Slovenije

Slika 2: Odval izkopanega plos¢astega apnenca v
opuscenem kamnolomu pri Mrzleku
Fotografija: Matija Kriznar

Kriznar, M.
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Slika 3: /lustraciji dveh piknodontnih rib iz Mrzleka. Po Gorjanovi¢-Kramberger (1895)

=V v

Stratigrafska umestitev najdiSca
Mrzlek

Starost krednih plasti pod Sveto Goro, pri naj-
dis¢u Mrzlek, Se vedno ni natan¢no opredelje-
na. Ze Stache (1905) in Kossmat (1909) uvr-
SCata ribjo favno v spodnjo kredo. Kossmat
(1909: 94) piSe, da ploscasti apnenec z ostanki
rib (po Kossmatu »Fischschiefer vom Mrzlek«)
leZi na bazalnem delu krednih plasti. Buser in
Turnskova (1966: 530-531) sta plasti pri Mr-
zleku uvrstila v albijsko-cenomanijsko starost.
Plenic¢ar in Buser (1967: 148) piSeta, da se
ploscasti apnenci z ribjimi ostanki pojavljajo v
spodnjem delu krednih plasti, torej bi jih lahko
uvrstili v albij. Enakega mnenja je tudi Buser
(1973), ki debelino ploS¢astega apnenca oce-
njuje na 30 metrov. Plenicar (2009: 266) piSe,
da so ostanke rib nasli v srednjem delu albij-
skih temnosivih ploscastih apnencevih skri-
lavcev. Na nekoliko drugacni zdruzbi najdenih
ribjih ostankov iz Mrzleka v primerjavi z drugi-
mi krednimi najdis¢i (in njihovimi zdruzbami)
na Krasu (okolica Komna in SeZane) je opozoril
tudi KriZnar (2010). Povezave med stratigrafijo
Mrzleka in najdisci ribje favne iz Komenskega
apnenca (Povirska formacija), ki jo opisuje Jur-
kovsek s sodelavci (2013), ne moremo potrditi,
saj se tudi litolosko nekoliko razlikujeta.

Paleontoloski del

Sistematika po: Poyato-Ariza, (2010);
Capasso et al., (2009)

Classis Osteichthyes Huxley, 1880

Subclassis Actinopterygii Cope, 1887

Divisio Halecostomi Regan, 1923, sensu Patterson, 1973
Ordo Pycnodontiformes Berg, 1937

Subordo Pycnodontoidei Nursall, 1996

Familia Pycnodontidae Agassiz, 1833, sensu Nursall, 1996
Genus Polazzodus Poyato-Ariza, 2010

cf. Polazzodus sp.
(SL. 4, A-C)

cf. 1999 Coelodus sp. 2 - Kriwet, 229, sl. 8

cf. 2004 »Pycnodontid indet.« - Bonde, 517,sl. 10 B

cf. 2004 Pycnodontiformes, »Dentatura vomerina« - Dalla Ve-
cchia in Tentori, 59, sl. 53

Material
Zobna plosca ralnika (vomer) na povrsini ka-
mnite ploScice. Zobje so naravno izluzeni.

Opisi

Zobna plosca je sestavljena iz zob, razporejenih
v pet nizov. Glavni (sredinski) niz ima 6 zob.
Oblika zob je trapezaste (prvi trije) in triko-
tne oblike (zadnji trije). Najvecji zob ima Siri-
no 1,2 mm, drugi so manjsi. Stranski (lateralni)
niz, notranji parni niz ima na eni strani ohra-
njenih 5 zob, na drugi pa 4 zobe. Oblike zob so
ovalne in v dolZino razpotegnjenih oblik. Zuna-
nji niz (niz na skrajnem robu) ima ohranjene 3

Ostanki zob piknodontnih rib (Actinopterygii, Pycnodontidae) iz krednih plasti Mrzleka pri Solkanu (Slovenija)
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in 4 zobe. Ti zobje so razpotegnjeni v dolZino.
Vsi zobje v nizih so simetri¢no razporejeni. Vsi
zobje imajo gladke povrsine kron.

Primerjava

Kljub dobremu poznanju in pogostih najdbah
piknodontnih rib po vsem svetu je doloCevanje
oziroma natan¢nejSa taksonomska opredeli-
tev pri zobnih plos¢ah ralnikov problemati¢na
(parataksonomija). V reviziji piknodontnih rib
Poyato-Ariza in Wenz (2002) piSeta, da imajo
piknodontne ribe v plos¢ah ralnikov tri ali pet
nizov (Poyato-Ariza in Wenz , 2002: 172). Ce
primerjamo nas ostanek, jih lahko uvrstimo
v drugo skupino s petimi nizi. Avtorja v tabeli
prikazujeta tudi rodove in vrste, ki vsebujejo
enako Stevilo nizov. Podobne starosti kot zobje
pri Mrzleku lahko izlo¢imo Coelodus saturnus,
Nursallia gutturosum, Ocloedus subdiscus in rod
Tepexichthys. Glede na obliko zob smo izlocili
rod Coelodus (Poyato-Ariza in Wenz, 2002) in
Ocloedus (Kriwet s sod., 1999). Preostalih nam
ni uspelo preveriti, saj so nekatere slike v publi-
kaciji zelo nerazlocne.

Kriwet (1999) prikazuje risbo ralnika Coelo-
dus sp. 2 (Kriwet, 1999: 229) z zelo podobno
razporeditvijo in obliko zob iz spodnjekrednih
plasti najdi$¢a Ufia v Spaniji. Iz podobno starih
plasti najdiS¢a Robbedale na Danskem prikazu-
je Bonde (2004) nedolocene piknodontne zobe
ralnika. Velikost in oblika danskega primerka
(Bonde, 2004: 517, sl. 10B) se dobro ujema s
primerkom iz Mrzleka.

Najbolje se primerek iz Mrzleka (slika 4 A-C)
ujema s primerkom, ki ga objavljata Dalla Ve-
cchia in Tentori (2004) na sliki 53 iz najdisca
Polazzo blizu Devina pri Trstu (Italija), Ceprav
ima na$ primerek manjse Stevilo zob. Ta osta-
nek je kasneje opisal in natan¢neje raziskal Po-
yato-Ariza (2010). Pripisal ga je novi vrsti Po-
lazzodus coronatus (Poyato-Ariza, 2010: 657,
sL. 5D).

Stratigrafska in geografska razsirjenost

Rod Polazzodus (in vrsta P. coronatus) se poja-
vlja le v santoniju (pozna kreda), medtem ko
naj bi bili fosili iz Mrzleka starejsi.
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Genus Coelodus Heckel, 1854

cf. Coelodus sp.
(sl. 4,E)

cf. 1997 Coelodus saturnus - Schultz et al., 98, sl. 11
cf. 2004 Pycnodontiformes - Dalla Vecchia in Tentori, 59, sl. 52

Material
Zobna ploscica z nekaj zobmi (verjetno desna
preartikularna plosca).

Opis

Na manijsi ploscici je ohranjena zobna plosca z
8 vidnimi zobmi. Preartikularna zobna plosca
je verjetno iz desne celjustnice. Najbolje ohra-
njen je glavni niz z najve¢jimi zobmi. Povrsina
zob je ravna, brez vidnih vdolbin in vozlicev.

Primerjava

Ostanki zobne plosce in oblike najbolj spomi-
njajo na zobne plosce rodu Coelodus. Zaradi
nezadostne ohranjenosti smo primerek inter-
pretirali kot cf. Coelodus sp., saj se slednji rod
zelo pogosto pojavlja v fosilni zdruzbi Mrzleka
(Gorjanovi¢-Kramberger, 1895).

Stratigrafska in geografska razsirjenost
Rod Coelodus je pogost v pozni kredi (Poyato-
-Ariza in Wenz , 2002).

Pycnodontidae gen. et sp. indet. A
(sl. 4,D)

Material
Nakopicenje dobro vidnih okoli 25 zob pikno-
dontne ribe.

Opis

Zobje so naravno izluZeni na povrsini kamni-
te ploSce. Nekateri zobje so poskodovani. Med
ostanki lahko izlo¢imo le nekaj zob ralnika (vo-
mer), ki izhajajo iz zunanjega niza ralnika. Po-
vrsine zobnih kron so ravne in gladke. Najvedji
zob je dolg priblizno 2 mm.

Pycnodontidae gen. et sp. indet. B
(sl. 4, F-G)

Kriznar, M.
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Slika 4: Ostanki piknodontnih rib iz najdis¢a Mrzlek

A-C: cf. Polazzodus sp., zobna plosca ralnika (vomer). A - zobna plosca na povrsini plosce, pogled z vrha. Merilo T mm.

B - zobna plosca, slikana pod elektronskim mikroskopom. Merilo T mm. C - Detajl zoba iz zobne plosca. Merilo 0,2 mm.

E: cf. Coelodus sp., zobna plosc¢a (preartikularna plosca), pogled v vrha. Merilo 5 mm.

D: Pycnodontidae gen. et sp. indet. A, nakopicenje zob piknodontne ribe. Merilo 5 mm. Vom. - zobje ralnika (vomer).

F-G: Pycnodontidae gen. et sp. indet. B, razli¢ni ostanki zob piknodontnih rib (G-obkrozeno). Merilo 1 mm (F) in 5 mm (G).
Kop. — ostanki koprolita.

Fotografije: M. Kriznar in M. Miler. Primerke hrani Prirodoslovni muzej Slovenije
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Material
Dva primerka delno ohranjenih zobnih plos¢.

Opis: Prvi primerek (slika 4 F) so delno izluZeni
Stirje zobje. Natancen poloZaj v Celjusti ni mo-
goce determinirati. Drugi primerek (slika 4 G)
je zobna plosca, ohranjena v koprolitu. Vidnih
je pet zob, ki imajo gladke krone. Primerek je
izjemno majhen, zato je tudi natan¢nejSa takso-
nomska opredelitev nemogoca.

Sklepi

Piknodontne ribe iz najdiS¢a Mrzlek so znane
Ze vec kot stoletje. Med novejSimi pregledi opu-
S¢enega kamnoloma in posameznih izkopov
smo nasli in opisali pet razli¢nih zob in zobnih
plos¢ piknodontnih rib. Nobenega izmed opisa-
nih ostankov nam ni uspelo zanesljivo doloci-
ti. Dva ostanka smo dolo¢ili kot cf. Polazzodus
sp. in cf. Coelodus sp. Na osnovi dolocenih ri-
bjih ostankov nam ni uspelo opredeliti starosti
plasti pri Mrzleku. Tako poleg dolocitve staro-
sti ostaja tudi naloga ponovne revizije drugih
zbranih fosilnih ostankov rib in dodatnih geo-
loskih raziskaw.

Zahvala

Zahvaljujemo se dr. Milosu Milerju za pomoc¢
in fotografiranje nekaterih ostankov pod elek-
tronskim mikroskopom na Geoloskem zavodu
Slovenije.
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Abstract

Although ammonites serve as index fossils in the Jurassic, their
discovery in the area of present-day Slovenia are rare, with only
three locations having been studied in greater detail. Here we
presented ammonites from a newly discovered site at Mt Kobla
on the eastern Bohinj Range. The site is located at the very top
of the Kobla skiing ground, where 250 m of Lower Jurassic lime-
stone of the Julian Carbonate Platform crop out. The succession
begins with peloidal/ooidal limestone which upwards passes
into bioclastic limestone that alternates in laminas and beds
with crinoidal limestone. In the topmost part, limestone brec-
cia is interbedded and neptunian dykes cut the succession. Just
below the breccia bed, ammonites were retrieved and genera
Canavaria and Neolioceratoides were identified which indicate
an Upper Pliensbachian (?upper Domerian) age. The platform
limestones are overlain with basinal strata with internal uncon-
formity. The overall succession records a progressive deepening
of the sedimentary environment that culminated in the Upper
Pliensbachian and was caused by a regionally recognized, but
relatively poorly-dated episode of accelerated subsidence. The
Mt Kobla succession correlates well with Mt Mangart and Mt
Bohinj successions, which are paleogeographically considered
as marginal locations within the Julian Carbonate Platform. Am-
monite dating encourages further detailed sedimentary studies

of the Mt Kobla succession.
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Izvlecek

Ceprav so amoniti vodilni fosili v juri, so njihove najdbe na ob-
mocju danasnje Slovenije zelo redke. Le tri nahajali$ca so bila
natancneje preucena, in sicer spodnjejursko, najverjetneje pli-
ensbachijsko, v Bohinjski dolini, Toarcijsko na Begunjs¢ici in
zgornjejursko v Dolini Triglavskih jezer. Med detajlnim geolo-
skim kartiranjem gore Koble, ki se nahaja v vzhodnemu delu
Bohinjskega grebena, je bilo odkrito novo najdisce. Nahaja se
na samemu vrhu smucisc¢a Kobla, kjer je razgaljeno 250 m de-
belo zaporedje spodnjejurskih apnencev Julijske karbonatne
platforme. Zacenja se s peloidno/ooidnim apnencem v skupni
debelini 170 m. Lepo je razgaljenih le vrhnjih 60 m zaporedja.
Navzgor preide v bioklasti¢ni apnenec, ki se v laminah in pla-
steh menjava s krinoidnim apnencem. V vrhnjem delu celotnega
platformskega zaporedja se za¢nejo pojavljati neptunski dajki
in plasti apnenceve brece. Amoniti so bili najdeni tik pod debelo
plastjo brece, ki je interstratificirana v vrhnjem delu zaporedja.
Med Stevilno favno smo izbrali najbolje ohranjene primerke in
dolocena sta bila rodova Canavaria in Neolioceratoides, katerih
soCasno pojavljanje kaZe na zgornji pliensbachij (?zgornji do-
merij). Platformski apnenci so prekriti z bazenskimi sediment,
ki vsebujejo stratigrafsko vrzel. Celotno opisano zaporedje
oznacuje progresivno poglabljanje sedimentacijskega okolja, ki
ga je v zgornjem pliensbachiju pospesila regionalno prepozna-
na, a relativno slabo datirana epizoda ekstenzijske tektonike.
Zaporedje na Kobli je primerljivo z lokacijami na obmocju Julij-
ske karbonatne platforme, ki paleogeografsko spadajo v robne
dele Julijske karbonatne platforme. Amonitne datacije spodbu-
jajo nadaljnje detajlne sedimentoloske raziskave platformskega

zaporedja na Kobli.

Klju¢ne besede: amoniti, Julijska karbonatna platform, pliens-
bachij, Juzne Alpe, potopitev platform, pogrezanje, tektonsko-

-sedimentarni dogodek
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Introduction

The Permian/Triassic boundary extinction
events drastically decimated Paleozoic life,
leaving few survivors to evolve into the Meso-
zoic erall: and references thereinl - pe of the most in-
teresting and, due to their spiral molds and
spectacular suture patterns, attractive groups
of fossils that dominated Mesozoic sea life was
ammonites. They show rapid speciation, are
regularly preserved, and broadly distributed,
which promotes them as one of the most valu-
able index fossils. Although ammonites are
common in the Mesozoic of the Tethys Realm,
their discovery in the area of present-day Slo-
venia is sporadic. The first representatives of
the Ammonoidea subclassis are known from
the Upper Carboniferous and Lower Permian
of the Southern Karavanke Mountains/?. The
richest period is the Triassic, with well-known
Late Anisian locations at the village of Bucka
near Novo Mestol®! or Hrastenice Quarry near
Polhov Gradec!, as well as the Ladinian and
Carnian of the MeZica Mine and Mt. Peca in the
Northern Karavanke Mountains, Idrija area
and Mt Triglavl®® and othersgffor the review see 9, 10],
Although the Jurassic is the period of promi-
nent ammonite diversification, only three sites
have been extensively studied, the first being
Pliensbachian Bohinj Valley™, the second be-
ing Toarcian Mt Begunscica?, and the third
the Upper Jurassic Triglav Lakes Valley!'> 4,
Ammonites from the first site were collected
from Hierlatz limestonel'* %] a facies otherwise
known from the Northern Calcareous Alps,
where itis described as relatively shallow, Sine-
murian to the Pliensbachian hemipelagic lime-
stone, deposited on top of morphological highs
formed after the drowning of the carbonate
platform at the end of the Triassic!*®l. Other two
sites were excavated from Ammonitico Rosso
- type limestone*’- %, a facies characteristic of
the submarine plateaus of the Jurassic Adria
passive margin°-24. Just a few other Jurassic
specimens are reported, mostly from the Julian
Alps, Sporadic Upper Cretaceous ammonites
are known from Komen and Tomaj limestones
from the Karst Plateau!®>.

The rare occurrence of Jurassicammonites is at-
tributed to specific sedimentary environments
that persisted in the region during the Jurassic.
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Shallow water, high energy and flat-topped
carbonate platforms were interspaced by deep
basins!?* 271, whereas the condensed limestone
of the submarine plateaus, i.e., potential ammo-
nite-bearing facies, is mostly eroded and out-
crops in just a few places?® 71, Consequently,
the discovery of new Jurassic ammonites is of
special importance for Slovenian paleontology
and biostratigraphy. In the present paper, we
present such a site from the top of the Kobla
skiing-ground found during the detailed geo-
logical mapping of the area. The main goals of
this paper are to A) describe the geological set-
ting of the site, B) provide a basic sedimentary
analysis of the strata with ammonites, and C)
define the biostratigraphy of the fossil assem-
blage.

Previous work and paleogeography

Ammonites were collected from a site locat-
ed at the top of the Kobla skiing ground in the
eastern part of the Bohinj Range, which forms
the southern orographic boundary of the Julian
Alps (Figure 1). The oldest geological record
from Mt Kobla comes from a sketch of the iron
mine that was owned by Baron Ziga Zois and
made by Polc in years 1788-1790 (Schmidt
Goran, pers. comm.). Extensive geological re-
search was made during the construction of
the railway tunnel which crosses the Bohinj
Range directly below Mt Kobla. Kossmat*”
summarized the data, presented the structure
and lithostratigraphic division, and elaborat-
ed the geological map (1 : 75 000) of the wid-
er area. The author outlined that the northern
slopes of Mt Kobla consist of Late Triassic and
Early Jurassic carbonates overlain by Oligocene
clastics, whereas the southern slopes consist
of thin bedded, often cherty strata. During the
work on a Basic Geological Map of Yugosla-
via (sheet Tolmin) Buser 28 defined the pa-
leogeographic affinities of these successions:
northern, i.e., carbonate succession sedimented
on the Julian Carbonate Platform (JCP), where-
as southern developments were deposited in
the Slovenian Basin (SB)[>3%. Both paleogeo-
graphic units originated in the Middle Triassic
after disintegration of the Slovenian Carbonate
Platform!?®31 which was related to the rifting of
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the Meliata Ocean'®?. The JCP disintegrated and
drowned in the Middle Jurassic and turned into
the pelagic plateau known as Julian High!?¢],
which coincided with the opening of the Alpine
Tethys!'” 18, In recent years, extensive studies
of Late Triassic and Jurassic basinal succession
were performed on Mt Koblaf33 and references therein]
These studies incorporated the elaboration of a
detailed geological map, during which the here-
in-described ammonite site was discovered.

Structural setting
Structurally, the area belongs to the Southern

Alps, which are characterized by the south-di-
rected Miocene thrusting (Figure 1).
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JCP deposits compose the structurally higher
Julian Nappe, whereas SB sediments are found
in the structurally lower Tolmin Nappel%. In
the Mt Kobla area, the contact between the
JCP and SB successions is exceptionally not a
thrust-fault but a steep, northward-deeping
fault which eastward separates into two diver-
gent faults (Figure 2). JCP successions are in a
sub-vertical to slightly inverse position with
steep deeping towards the north, whereas SB
successions are repeated several times due to
lower-order nappe stacking and deeping nor-
mally to the north. Between the JCP and SB
successions the small Krevl tectonic block is
emplaced™!. It shows Lower Jurassic JCP- and
Middle to Upper Jurassic SB-characteristics.
Parallel and north to the main fault runs anoth-
er fault that separates Triassic and Jurassic JCP
successions. A few other faults with minor dis-
placement were recognized in the mapped area
(Figure 2a).
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l:l Hrusica Nappe -o— 4 Southalpine front

= . overthrust boundary in the
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Figure 1: The location of Mt Kobla and the macrotectonic subdivision of western Slovenia; simplified after>.
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Figure 2: a) Geological map of the Mt Kobla area, b) orthophoto of the topmost part of the Kobla skiing ground (public data of
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the Republic of Slovenia, Geodetic Survey RS, DOF 05, 2011) with the location of the ammonite site (marked with a star).
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General description of the Julian
Carbonate Platform succession on
Mt Kobla

The oldest JCP formation of the mapped area is
the Norian-Rhaetian Dachstein reef limestone
(Figure 3). The coral Dictichophyllia norica and
sponge Cheilosporites tirolensis were report-
ed on Mt Koblal®*® 37, The contact with Jurassic
deposits is at the previously mentioned fault.
It outcrops well on the Kobla skiing-ground
where the inner fault zone is up to 0.5 meter
wide, partly eroded and surrounded by tecton-
ic mirrors. Kossmat!?! recognized this fault in
the railway tunnel and reports clastics from the
inner fault zone. Budkovi¢®®® described a thick
marl-bed 2 m between the Triassic and Juras-
sic JCP successions in the Bohinj area. Taking
into concern this data and the fact that the fault
plane is parallel to the bedding of the overlying
Jurassic strata, this fault could have formed due
to the tectonic activation of a marl-dominated
formational boundary.

Traditionally, the Triassic/Jurassic boundary on
the JCP is placed at the disappearance of stro-
matolites and the occurrence of ooidal lime-
stone™). The overall Jurassic succession in the
studied area is 250 m thick. The lower 170 m
are characterized by peloidal/ooidal limestone.
In the upper 60 m of this interval on the Kob-
la skiing-ground, where the outcrops are good,
they show clear bedding with a bed thickness
from 10 cm up to several meters. Cross-lami-
nation occurs in these beds. The package of
bioclastic limestone occurs as early as this part
of the succession, but is overlain again by pe-
loidal/ooidal limestone. The following 80 m are
dominated by bioclastic limestone and will be
described in greater detail in the next chapter.
The limestone succession is overlain by a
0.5-meter-thick marl, which presumably cor-
relates with the marl-dominated Toarcian
formations known from the surrounding
basins®**-*2. The entire succession ends with
Biancone-type limestone, i.e., thin-bedded
mudstone/wackestone with chert nodules.
This facies is characteristic for latest Jurassic
and early Cretaceous successions of basins and
drowned platforms of the entire Adriatic pas-
SiVe margin[17, 22,41,43—45].
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Figure 3: Schematic stratigraphic column of the Julian
Carbonate Platform succession of Mt Kobla.
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Facies of the Ammonite-bearing
beds

The entire succession with ammonites is 80 m
thick (Figure 4d, e). It is characterized by gray
and, in the upper part, also reddish-gray bio-
clastic limestone. It is wackestone composed
of abundant crinoids and sponge spicules, and
rarer filaments, ostracods, benthic foramin-
ifera, juvenile ammonites, brachiopods and
calcareous sponges (Figure 4b, g). In the low-
er part, stromataxis structures and sponges
in a primary growth-position were observed
(Figure 4c).

Bioclastic limestone alternates with laminas
and thin beds of crinoidal limestone which is
grainstone or packstone composed predom-
inantly of crinoids, and rarer intraclasts and
shells (Figure 4b, h). It becomes dominant in
the middle part of this interval, where it com-
poses a several-meter-thick package of occa-
sionally graded beds.

The topmost part of the entire interval is char-
acterized again by alternating bioclastic and
crinoidal limestones. It additionally contains
neptunian dykes (Figure 4h) composed of
reddish marly limestone with crinoids as pre-
dominant grains, but lithoclasts of surround-
ing rocks were also detected. They usually fill
cavities which are oriented perpendicularly as
well as parallel to the bedding. A few-meters-
thick limestone breccia bed is interstratified in
the upper part of the interval. In the lower part
it shows chaotic internal organization (slump)
which becomes clearly brecciated towards the
top of the bed. Clasts correspond to surround-
ing bioclastic limestone, but lithoclasts of peloi-
dal/ooidal limestone also occur. The ammo-
nites presented in this paper were found just
below this bed.

Ammonites and biostratigraphy

Ammonites were found on the top of the Kobla
skiing-ground, close to the uppermost exiting
stations of the chair-pull (Figure 2b) and tak-
en from a bedding plane exposed on the rock
crevice that occurs at the crossing of two skiing
trails (E13°57°29” N46°14’21"). After the ex-
ploration of the outcrop, the bedding plane was
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systematically opened by an additional square
meter (Figure 4d, e). The best-preserved spec-
imens were taken to the laboratory together
with host-rock, where they were cleaned and
photographed. A few selected examples were
treated with a pneumatic tool for additional
mechanical preparation, but this revealed to
be too destructive because of the strong lithi-
fication and implementation of fossils in the
host-rock (Figure 5h). From the collected ma-
terial two specimens were determined on the
generic level as Canavaria sp. (Figure 5a) and
Neolioceratoides sp. (Figure 5b, c). Although
they exhibit poor preservation for qualitative
paleontological analysis, they provide precious
biostratigraphic dating, because this associ-
ation is typical of Upper Pliensbachian, more
precisely upper Domerian (spinatum AZ). Oth-
er collected material was too poorly preserved
for determination; however it is represented in
Figure 5 (d-i). Ammonite data is further con-
strained by benthic foraminifer Agerina mar-
tana Farinacci (Figure 4g), which is common
in bioclastic limestone. Although it is generally
considered as Lower Jurassic, Chiochini et al.[*®!
narrowed its appearance to the Pliensbachian.
Considering these facts, the bioclastic/crinoi-
dal limestone of Mt Kobla is Pliensbachian and
the topmost part with limestone breccia and
neptunian dykes is (?upper) Domerian in age.

Pliensbachian tectono-
sedimentary event based on new
ammonite dating

The Late Triassic and Early Jurassic succession
of the JCP outcropping on the northern part of
Mt Kobla is characterized by a highly produc-
tive, shallow-water, high-energy sedimentary
environment of barrier reef and ooidal shoal,
respectively. In the Pliensbachian, a distinct
facies change from peloidal/ooidal to bioclas-
tic limestone records the deepening of the
sedimentary environment. Namely, bioclastic
limestone indicates the sedimentation on the
outer platform to the upper slope. Interstrati-
fied crinoidal limestone points to high-energy
depositional conditions. The thin laminas of
the crinoidal limestone were most probably
deposited by bottom currents, whereas thicker

Ammonites from Mt Kobla (Julian Alps, NW Slovenia) and their significance for precise dating of Pliensbachian tectono-sedimentary event
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beds could have originated due to high-energy
resedimentation events such as tempestites or
turbidites. The deepening of the sedimentary
environment could have been initially linked
to eustatic oscillations of the relative sea-level
because in the Tethyan Realm, Pliensbachian
is characterized by a second-order transgres-

sive/regressive cycle, (T5/R5 in*"!), whereas
the sedimentation documented in the topmost
part of the succession was firmly governed by
accelerated tectonic subsidence. This prom-
inent Pliensbachian tectonic event is region-
ally evidenced by the disintegration of the
JCP and differential subsidence of separated

Figure 4: a) fault between Dachstein Reef Limestone (left) and peloidal/ooidal limestone (right), b) bioclastic limestone with
laminas of crinoidal limestone (arrows), ¢) sponge (1.7 cm in diameter) in the growth-position within bioclastic limestone,

d) excavation on the ammonite site with visible ammonite bed-plane (arrow), @) ammonites on the bedding plane, f) juvenile
ammonites in wackestone, g) spiculitic wackestone overlain with erosional contact by crinoidal grainstone; in the upper right
corner is enlarged foraminifer Agerina martana Farinacci — 0.2 mm in length, h) wackestone with ammonite and contact with
neptunian dyke (left) filled predominantly with crinoids.
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Figure 5: Ammonites: a) Canavaria sp., b) Neolioceratoides sp. — not to scale; enlarged Figure 5¢, ¢) Neolioceratoides sp., d-i)
undetermined specimens (Figures f, g, h, and i also show casts; Figures e and h show a lateral view).

Ammonites from Mt Kobla (Julian Alps, NW Slovenia) and their significance for precise dating of Pliensbachian tectono-sedimentary event
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blocks!*”-18 % n the adjacent SB, it is recorded
by the highly-variable thickness of the Toarcian
Perbla Formation™! *?l. Neptunian dykes char-
acterize the JCP margin?® % %1 and the earliest
activation phases are dated as Pliensbachian!>®,
In the Bohinj area, Ribnica breccia, which is a
debrite composed of limestone and rare chert
clasts, covers the basinal Zatrnik Formation
and is dated as Lower Jurassic and related to
a Pliensbachian tectonic activity™> 5. At Mt
Kobla, the tectonic event is in accordance with
previously-described sedimentary indicators.
Namely, it is well-manifested at the top of the
carbonate succession with the occurrence
of neptunian dykes and limestone breccia. It
is this part, from which ammonites were re-
trieved and dated the main Pliensbachian tec-
tonic intensification to the (7upper) Domerian.

Correlation with other successions
of the Julian Carbonate Platform

Ammonite-bearing beds from Mt Kobla are
characterized by bioclastic limestone that is
the time and facies equivalent of dominant
beds in the Sedlo Formation from the Bovec
Trough” %, This trough originated after the
Pliensbachian disintegration of the JCP and the
Sedlo Formation indicates the initial deepen-
ing phases. It is overlain by a Fe-Mn nodular
crust which points to unconformity’l. No such
crust was detected on Mt Kobla - however the
overlying marls correlate with clay-rich Skrile
Formation from the Bovec Trough, which was
dated with radiolarians to the Toarcian®°\. The
age of the formation was further constrained
by chemostratigraphic recognition of the Toar-
cian OAEP2,

The Mt Kobla JCP succession correlates also
with developments from the Bohinj area,
where Buser (1986) described Lower Jurassic
crinoidal limestone in which Hartel'" found
rich brachiopod, bivalve and ammonite fau-
na in several locations, mostly active quarries
near Bohinjske Ce$njice in Bitnje villages. Due
to a similar setting and close correlation, a
non-revised list of cephalopods is presented
herein. Hartel®™ recognized Phylloceras gey-
eri Bonarelli, P anonymum Hass, P. frondosum
Reynés sp., Rhacophyllites ex aff. liberti Gemm.,
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R. planispira Reyneés, R. (Meneghiniceras) lar-
iensis Meneghini, Lytoceras cf. secernendum de
Stefani, L. nothum? Meneghini., Amaltheus mar-
garitatus Montfort, Harpoceras (Arieticeras)
retrosicosta Oppel, H. bertrandi Kilian, H. geyeri
Del Campana, H. cf. reynési Fucini, H. (Grammoc-
eras) uequiondulatum Bettoni, H. percostatum
Fucini, H. (Harpoceratoides) serotinum Bettoni,
and Atractites ex. aff. A. indunensis Stop. These
quarries had already been abandoned and
were mostly inaccessible during the geologi-
cal mapping in eighties!*, which today results
in practically unrecognizable sites!®*. Buser(*®
outlined that crinoidal limestone laterally and
vertically passes to ooidal limestone and in
the upper part contains interbeds of micritic
(?bioclastic) limestone and, additionally to Mt
Kobla, nodular chert. Prominent facies changes
of the Jurassic rocks in the Bohinj Valley were
also described by Cousin®’, who recognized
two distinct facies: a more shallow-water fa-
cies to the south and the deeper-water Zatrnik
Formation to the north. For the latter, Kuko¢ et
al.*! proposed on the basis of overlying Creta-
ceous strata an outermost, ocean-ward paleo-
geographic location within present-day Slove-
nia, which is comparable to the developments
of the Inner Dinarides. However, exact spatial
stratigraphic as well as structural relationships
within Jurassic strata in this area remain vast-
ly unresolved®!. On the contrary, the Mt Kobla
succession exhibits a clear upwards deepening
trend with well-dated and well-expressed tec-
tonic phase which consolidates its importance
in the understanding of the region’s Jurassic
sedimentary evolution and urges further re-
search.

Conclusions

Jurassic ammonites in the area of present-day
Slovenia are only sporadically preserved and
just three locations have so-far been studied in
detail, which amplifies the importance of new-
ly-discovered sites. At Mt Kobla the overall Ju-
rassic succession begins with peloidal/ooidal
limestone. Upwards, it passes into bioclastic
and crinoidal limestones which indicate the
deepening of the sedimentary environment. At
the top of the entire JCP succession limestone
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breccia and neptunian dykes additionally occur
and point to a regionally-recognized tectonic
event. Within these strata ammonites of genera
Canavaria and Neolioceratoides were deter-
mined which date to the Upper Pliensbachian
(?upper Domerian). The succession correlates
with successions which sedimented in environ-
ments located on the JCP margins and drowned
to basinal depth during the Jurassic. Similarly,
on Mt Kobla the platform carbonates are over-
lain by ?Toarcian marl and latest Jurassic Bian-
cone-type limestone which was deposited after
JCP drowning.
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na to¢no dolo¢eno mesto v ¢lanku.

Oddaja clanka

Prispevke lahko poSljete po elektronski posti na naslov
rmz-mg@ntf.uni-lj.si.

V primeru oddaje prispevka na CD- ali USB-mediju le-te
posljite priporoc¢eno na naslov urednistva:

RMZ - Materials and Geoenvironment, Askerceva 12,
1000 Ljubljana, Slovenija

ali jih oddajte na:

recepciji Naravoslovnotehniske fakultete (pritlicje),
Askerceva 12, 1000 Ljubljana, Slovenija s pripisom ,za
RMZ - M&G*,



The electronic medium should clearly be marked with
the name of the leading author, the beginning of the ti-
tle and the date of the submission to the Editorial Office
of RMZ - M&G.

Information on RMZ - M&G
— Editor-in-Chief
Assoc. Prof. Dr. Peter Fajfar
Telephone: +386 1 200 04 51
E-mail address: peter.fajfar@omm.ntf.uni-lj.si

— Secretary
Ines Langerholc, Bachelor in Business Administration
Telephone: +386 1 470 46 08
E-mail address: ines.langerholc@omm.ntf.uni-lj.si

These instructions are valid from July 2013.

Elektronski mediji morajo biti jasno oznaceni zimenom
vsaj prvega avtorja, zacetkom naslova in datumom
izrocitve urednistvu RMZ - M&G.

Informacije o RMZ - M&G
— urednik
izr. prof. dr. Peter Fajfar
Telefon: +386 1 200 04 51
E-postni naslov: peter.fajfar@omm.ntf.uni-lj.si

— tajnica
Ines Langerholc, dipl. poslov. adm.
Telefon: +386 1 470 46 08
E-poStni naslov: ines.langerholc@omm.ntf.uni-lj.si

Navodila veljajo od julija 2013.
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