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I Historical Review

Historical Rewiev

More than 90 years have passed since in 1919 the University Ljubljana in Slovenia
was founded. Technical fields were joint in the School of Engineering that included the
Geologic and Mining Division while the Metallurgy Division was established in 1939
only. Today the Departments of Geology, Mining and Geotechnology, Materials and
Metallurgy are part of the Faculty of Natural Sciences and Engineering, University of
Ljubljana.

Before War Il the members of the Mining Section together with the Association of
Yugoslav Mining and Metallurgy Engineers began to publish the summaries of their
research and studies in their technical periodical Rudarski zbornik (Mining Proceedings).
Three volumes of Rudarski zbornik (1937, 1938 and 1939) were published. The War
interrupted the publication and not untill 1952 the first number of the new journal
Rudarsko-metalurski zbornik - RMZ (Mining and Metallurgy Quarterly) has been
published by the Division of Mining and Metallurgy, University of Ljubljana. Later
the journal has been regularly published quarterly by the Departments of Geology,
Mining and Geotechnology, Materials and Metallurgy, and the Institute for Mining,
Geotechnology and Environment.

On the meeting of the Advisory and the Editorial Board on May 22" 1998 Rudarsko-
metalurS$ki zbornik has been renamed into “RMZ - Materials and Geoenvironment
(RMZ -Materiali in Geookolje)” or shortly RMZ - M&G.

RMZ - M&G is managed by an international advisory and editorial board and is
exchanged with other world-known periodicals. All the papers are reviewed by the
corresponding professionals and experts.

RMZ - M&G is the only scientific and professional periodical in Slovenia, which is pub-
lished in the same form nearly 50 years. It incorporates the scientific and professional
topics in geology, mining, and geotechnology, in materials and in metallurgy.

The wide range of topics inside the geosciences are wellcome to be published in the RMZ
-Materials and Geoenvironment. Research results in geology, hydrogeology, mining,
geotechnology, materials, metallurgy, natural and antropogenic pollution of environment,
biogeochemistry are proposed fields of work which the journal will handle. RMZ -
M&G is co-issued and co-financed by the Faculty of Natural Sciences and Engineering
Ljubljana, and the Institute for Mining, Geotechnology and Environment Ljubljana. In
addition it is financially supported also by the Ministry of Higher Education, Science
and Technology of Republic of Slovenia.

Editor in chief
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Foreword

The metaphor »standing on the shoulders of giants« has marked the progress of sci-
ence throughout the centuries. Although it is sometimes attributed to Isaac Newton,
in reality, its origins go back much further in human history. But the most important
thing is not the saying itself or the time of its first appearance, it is the message that
it carries. Knowledge is like a pyramid whose top will collapse by taking away even
the smallest part of its foundations. Nobody, regardless of their success and talent,
achieves greatness alone, but is shown the right direction by the teachers who help
pave part of the way. Without their advice, and sometimes orders, it would be im-
possible to continue down the path. And this is the message of the saying. All who
buildand perfect their knowledge are only sitting on the shoulders of our ancestors.

This jubilee edition is dedicated to our teachers who have paved the way for the
present generation of geologists. All of these teachers havededicated their time to
a specific part of geology, mastered it, and transmitted the knowledge to young-
er generations. They have researched vast areas of geology, including petrology,
mineralogy, geochemistry, sedimentology, tectonics, regional geology and palae-
ontology. This is why the papers are also very varied. Their students, especially
colleagues who have graduated under their mentorship, have presented us with a
short summary of current geological research dealing with previously listed areas
of geology and reconfirmed the varied character of Slovene geology. The present
collection is therefore a modest compliment to the teaching and scientific contri-
bution of Dragica Strmole, Joze Car, PhD, Professor; Rajko Pavlovec, PhD, Pro-
fessor; and Simon Pirc, PhD, Professor. With their work, they have significantly
contributed to the development and progress of Slovene geological sciences.

Finally, we would like to thank all the authors of the papers who have kindly re-
sponded to our request and thus honoured an important jubilee of their teachers
and mentors. Special thanks also go to the editors of this collection who have spent
a lot of their time and energy on its realization, and last but not least, to the edito-
rial board of RMZ — Materials and geoenvironment journal, who have included
our collection in their program. Everybody has thus not only shown respect for the
teachers, but has also added another stone to the colourful mosaic of the knowl-
edge of the geological history of Earth and of its phenomena.

Associate Professor, Mihael Brencic¢, PhD,
Head of Department of Geology

Uvodnik
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Predgovor

Rek »Na ramenih velikanov« zaznamuje pot znanosti skozi stoletja. Ceprav ga ve-
lik del literature pripisuje Newtonu, njegove korenine segajo globoko v ¢lovekovo
preteklost. A ni pomemben zgolj rek in kdaj se je le-ta razvil, pomembnejSe je nje-
govo sporoc€ilo. Znanje je kot piramida, katere vrh se porusi, ¢e mu spodmaknes le
del temeljev. Nihce, pa Ce je Se tako uspeSen in nadarjen, ne zraste iz sebe, ampak
mu njegovo pot tlakujejo ucitelji, velik del poti prehodi po poti, ki so mu jo uhodili
oni in nakazali njegovo smer. Brez njihovih nasvetov in v¢asih tudi ukazov, ne bi
nasel poti naprej. In to je pomen tega reka. Vsi, ki se ukvarjamo z znanjem in ga
gradimo ter izpopolnjujemo, le sedimo na ramenih nasih predhodnikov.

Tokratno jubilejno Stevilko posve€amo nasim uciteljem, ki so sedanji generaciji
aktivnih geologov utrli nove smeri. Vsak od nasih tokratnih slavljencev se je po-
svetil delu geoloSke znanosti in jo izmojstril ter svoje znanje prenesel na mlajSe
generacije. Ucitelji, katerim posvecamo zbornik, so posegli na zelo Siroka podro-
¢ja geologije: od petrologije, mineralogije, geokemije, sedimentologije, tektonike,
regionalne geologije do paleontologije. Zaradi tega je pester tudi nas zbornik. Nji-
hovi ucenci, predvsem kolegi, ki so doktorirali pod njihovim mentorstvom, nam
predstavljajo kratek pregled aktualnih geoloSkih raziskav z vseh prej naStetih po-
drocij geologije ter tako ponovno potrjujejo pestrost slovenske geologije.

Zbornik, ki je pred nami, naj bo tako skromen poklon uciteljskemu in znanstve-
nemu prispevku Dragice Strmole, prof. dr. Jozeta Carja, prof. dr. Rajka Pavlovca
in prof. dr. Simona Pirca. S svojim delom so pomembno prispevali k razvoju in
napredku slovenske geoloske znanosti in Sole.

Na koncu velja tudi posebna zahvala vsem avtorjem prispevkov, ki so se prija-
zno odzvali in s tem pocastili pomembno obletnico svojih uciteljev in mentorjev.
Prav tako velja zahvala urednikom zbornika, ki so v njegovo pripravo vlozili ne-
malo svoje energije in ¢asa, ter ne nazadnje velja zahvala tudi uredni$tvu revije
RMZ — Materiali in geookolje, ki je zbornik, posvec¢en nasim jubilantom, uvr-
stilo v svoj program. S tem so vsi skupaj izrazili ne le spoStovanje do jubilantov
in njihovega dela, temvec¢ so s svojimi prispevki polozili Se en kamen v pester
mozaik poznanja geoloske zgodovine Zemlje in njenih pojavov.

Izr. prof. dr. Mihael Brenci¢
predstojnik Oddelka za geologijo

RMZ-M&G 2012, 59
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Osemdeset let Zivljenja in dela Dragice Strmole

Dragica Strmole, diplomirana geologinja in dolgoletna
asistentka in vi§ja strokovna sodelavka Oddelka za
geologijo, je letos spomladi izpolnila jubilejnih osem-
deset let. Rojena je bila v Ljubljani, kjer je tudi obi-
skovala in konc¢ala osnovno $olo in gimnazijo. Svojo
geolosko pot je zacela leta 1950 z vpisom na Priro-
doslovno-matemati¢no fakulteto Univerze v Ljubljani,
Oddelek za geologijo in paleontologijo. Po uspesno
kon¢anem Studiju se je leta 1956 najprej zaposlila na
Geoloskem zavodu v Ljubljani kot geolog petrograf in
opravila strokovni izpit. Z zacetkom Studijskega leta
1961 pa se je zaposlila kot asistentka na Katedri za mineralogijo in petrografijo
Oddelka za montanistiko na Fakulteti za naravoslovje in tehnologijo Univerze
v Ljubljani, kjer je delovala vse do svoje upokojitve v letu 1991. Leta 1974 je
bila izvoljena v naziv vi§ja strokovna sodelavka. Po upokojitvi je Se vedno ostala
aktivna v slovenski geologiji in je Se danes zunanja sodelavka Oddelka za geolo-
gijo. Za Studente geologije, pa tudi drugih ved, ki so v svoj kurikul vkljucevale
geologijo, je vodila vaje iz predmetov Kristalografija, Mineralogija, Petrologija
in Laboratorijska preiskava mineralov (kasneje Preiskovalne metode v minera-
logiji). Poleg pedagoskega dela je izvajala tudi mikroskopske mineraloske in pe-
trografske preiskave, preiskave trdote mineralov in preiskave z metodo faznega
kontrasta. Njen opus raziskovalnih del vsebuje ¢lanke s podroc¢ja mineraloSkih
in petrografskih analiz razli¢nih magmatskih kamnin Slovenije, rudonosnih ka-
mnin Crne gore in glinenih sedimentov. Sodelovala je tudi pri pripravi Geolo-
Skega terminoloskega slovarja, monografije, ki je bila v slovenskem prostoru
tezko pri¢akovana.

Prav vsi Studenti geologije, ki smo S$tudirali v obdobju njenega delovanja na
Oddelku za geologijo, smo se osnov kristalografije, mineralogije, petrologije in
preiskav materialov naucili iz njenih jasnih in nazornih razlag ter z njeno neu-
trudno pomocjo. Vsakega od nas je dobro poznala in nam vlivala potrebnega
poguma za premagovanje prvih in najtezjih ovir, s katerimi smo se srecevali na
zacetku naSe geoloSke poti. Vedno dostopna in pripravljena na pogovor je marsi-
komu pokazala pot skozi labirint kristalografije, precej nas pa je navdusila za to,
da smo se usmerili v raziskave kristalov in mineralov ter v petrologijo. Tako kot
do Studentov, je bila vedno spodbudna, razumevajoca in v pomoc¢ pri uvajanju v

Predstavitev
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novo podrocje dela tudi do vseh sodelavcev. Kot asistentka in sodelavka, tudi in
predvsem pa v obdobju, ko je vodila Oddelek za geologijo, je vso energijo vlo-
zila v to, da so bile razmere za delo in $tudij na Oddelku za geologijo optimalne,
kolektiv je deloval zdruzno kot enota ter strokovno, kar s(m)o doziveli tudi Stu-
denti, ki s(m)o v letih Studija osvojili obsezno znanje za uspesno delo geologa.

Meta Dobnikar

RMZ-M&G 2012, 59
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Phase contrast method for asbestos fibres determination

META DOBNIKARD *
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Abstract: Certain diseases, such as lung cancer or pleural mesothelioma are

highly connected to inhalation of asbestos fibres. Asbestos is there-
fore considered as hazardous material. Use of chrisotile is forbidden
in technologically advanced countries, and defined as asbestos is all
material, having more then 1 % asbestos fibres. Using optical micros-
copy and phase contrast method, asbestos fibres were qualitatively
and quantitatively determined in different soil and dust samples. The
method was proved to be accurate and convenient. Most of the exam-
ined material was determined as asbestos.

Izvlecek: Pojavi dolocenih bolezni, kot je na primer pljucni rak ali plevlar-

ni mezoteliom, imajo moc¢no povezavo z izpostavljenostjo oziroma
vdihavanjem azbestnih vlaken. Azbest je zato obravnavan kot zdravju
nevaren material in uporaba hrizotila je v industrijsko razvitih drza-
vah prepovedana. Kot azbest se obravnava vsak material, ki vsebuje
ve€ kot 1 % azbestnih vlaken. Z uporabo opti¢nega mikroskopa in
metode faznega kontrasta je bila kvalitativno in kvantitativno dolo-
¢ena vsebnost azbestnih vlaken v vzorcih tal in prahu. Metoda se je
izkazala za primerno oz. bolj natan¢no za namen doloc¢anja vsebno-
sti azbestnih vlaken. Ugotovili smo, da vec€ina preiskanih materialov
vsebuje ve¢ kot 1 % azbestnih vlaken in jih lahko opredelimo kot
azbestne materiale.

Key words: asbestos, phase contrast method, optical microscopy
Kljuéne besede: azbest, metoda faznega kontrasta, opticna mikroskopija
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INTRODUCTION

The term “asbestos” is used for fibre
occurrence of different minerals, sili-
cates from amphibole and serpentine
group. Asbestos fibres are defined as
crystals with length to diameter ratio at
least 3 : 1, if length is more then 5 pym
and diameter less then 3 pm (FALINI et
al., 2003). Amphibole and serpentine
group minerals are highly resistant,
chemically inert and stable, form-
ing flexible and solid fibres. Asbestos
was, due to its chemical and physical
properties, commonly used in indus-
try, especially in civil engineering and
fire resistant materials. Near to 95 %
of asbestos used belongs to mineral
chrisotile, with ideal chemical compo-
sition Mg,Si,0,(OH),, fibrous variety
of serpentine, trioctahedral magnesia
analogue of kaolinite, 1 : 1 alumo-
silicate. As certain diseases, such as
lung cancer or pleural mesothelioma
are highly connected to inhalation of
asbestos fibres, it is considered as haz-
ardous material (FALINI et al., 2003).
Asbestos fibres are too small to be ex-
pelled from inhalation path by human
natural defence system, therefore they
enter into the body by inhalation paths
and deposit in human lungs. Use of
chrisotile is forbidden in technologi-
cally advanced countries, EPA (Envi-
ronmental Protection Agency) defined
as asbestos all material, having more
then 1 % asbestos fibres (BURDETT,
2000).

Recommended method for asbestos fi-
bres determination is optical microsco-
py in plane polarised light. The method
is relatively inaccurate when asbestos
content is around 1 %. Analysis results
turn out much better in combination of
this optical microscopy method with
phase contrast method, when content
of asbestos fibres down to 0,1 % may
be determined. It is worth noting that
fibres with diameter less then 1 um
difficult to determine by optical micro-
scope (BURrDETT, 2006).

THE PHASE CONTRAST METHOD

The resolution of optical microscope
depends on its quality and is around
5 pm. For qualitative and quantitative
determination of asbestos fibres the
two methods (optical microscopy in
plane polarised light and phase con-
trast method) have to be combined.
Material is observed in immersion
with appropriate refraction index and
dispersion. Nitrobenzol is used most
commonly.

At phase contrast method optical mi-
croscope with polarised light is used.
There is phase plate inserted within
objectives, to change phase light
changes into amplitude light changes
in order to enable phase objects (ob-
jects as small grains or fibres, that
only change the phase of the light) to
be seen under the microscope. Con-

RMZ-M&G 2012, 59
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light
field

\N— edge dark
— field
light field

Figure 1. Phase plate (dark circle) and light circle projection at the objective.

denser annulus is used to gather the
light into a ring. The size of the light
ring can be changed, so we may suc-
cessively observe bright field (light
ring smaller then phase plate ring),
phase contrast field (light ring just the
same size as phase plate ring), bright
field (light ring larger then phase plate
ring) and edge dark field (light ring
at the edge of visible field) (Figure
1). Asbestos fibres are colourless and
therefore hardly visible in polarised
light, are typically coloured in phase
contrast, so qualitative and quantita-
tive analysis of the fibres is enabled.

EXAMPLE OF ASBESTOS FIBRES ANALYSIS
IN SOIL SAMPLES AND AIR FILTERS

33 samples of soils and air filters were
analysed qualitatively and quantita-
tively for asbestos fibres content, using
the phase contrast method. 26 samples
of soil and 7 air filters were analysed.

Samples of soils and filters were ex-
amined in phase contrast using Leitz

RMZ-M&G 2012, 59

Wetzlar optical microscope (Figure 2),
with condenser annulus and objectives
with phase plates used.

Samples were analysed at objective
40-times and ocular 10-times. Immer-
sion of nitrobenzole (C.HNO,), with
refraction index 1.55 was used. When
counting asbestos fibres, those of width
less then 3 um, and length more then 5
pm and less then 15 um, with width to
length ratio <1 : 3 were considered.

In air filter samples, all asbestos fibres
within 1 cm? area of the filter were
counted.

In soil samples, mineral grains were
counted according to the method of
regular profiles. All grains within lin-
ear horizontal profile were counted.
Vertical distance between the profiles
and one step on the profile were 0.4
mm. 500 mineral grains of each sam-
ple were counted. Results are pre-
sented in the number of respirable
asbestos fibres per 100 mineral grains
(Table 1).
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Table 1. Results of the asbestos fibers co-
unting with optical microscope phase con-
trast method:

sample No. of respirable as.bestos fibers
per 100 mineral grains
S-1 0.5
S-3 3
S-4 4.7
S-5 1.5
S-7 1
S-11 6.2
S-12 5
S-16 2.4
S-20 4.4
MK-4 1
MK-9 11.8
MK-11 0.8
MK-19 0
Uz izaigr |64 Figure 2. Optical microscope Leitz Wetzlar
Uz. tlo (igr.) |5
BS1-2 1.6
BSI1-5 6.4 CONCLUSION
BS1-6 5.2
BS1-7 36 Respirable asbestos fibers were quan-
BS1-8 1.2 titatively determined in soil samples
BS3-1 1.6 as well as in air filters with the use of
E:ii Z:: phase contrast method. The selected
Bs83 75 method proved to be adequate and
BS94 o accurate. Results of analysis show that
BS9.5 72 thfe majority of analysed samples con-
il No. of respirable asbestos fibres tain more then 1 % of asbestos fibres,
per 1 cm? and should be considered as hasardeo-
Ul 256 us, asbestos containing materials.
U2 177
U3 193
US1 349 REFERENCES
Uvi1o 106
UX2 134 FaLing, G., ForesTi, E., Gazzano, M., Gu-
UP3 2331 ALTIERI, A. F., LEgsci, 1. G., PEcCHINI,
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G., Renna, E. & Roveri, N. (2003):
A new method for the detection of
low levels of free fibres of chrysotile
in contaminated soils by X-ray pow-
der diffraction. J. Environ. Monit., 5,
654-660.

BurpeTT, G. (2006): THE VALUE OF

MICROSCOPY ANALYSIS IN AS-
BESTOS CONTROLS, in: Asbestos
Risk Reduction & Measurement of

RMZ-M&G 2012, 59

Asbestos Fibre Concentration, Pro-
ceeding of the International Seminar
held in AGH University of Science
and Technology, Cracow, Septem-
ber 28-29, 2006. Appendix. Ed. Jer-
zy Dyczek, September 28-29, 2006,
AGH University of Science and Tech-
nology, Faculty of Materials Science
and Ceramics Department of Buil-
ding Materials, Cracow.
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Osemdeset let Zivljenja in dela profesorja geologije dr. Rajka
Pavlovca

LetoS$njega 15. januarja je profesor Rajko Pavlovec
praznoval svoj 80. rojstni dan. Rodil se je v Ljubljani,
kjer je obiskoval osnovno 3Solo, klasi¢no gimnazijo in
maturiral leta 1950. Odlocil se je za Studij geologije na
ljubljanski univerzi in leta 1954 diplomiral. Po diplomi
se je zaposlil na takratnem InStitutu za geologijo, ki se
je leta 1966 preimenoval v Institut za paleontologijo
Slovenske akademije znanosti in umetnosti. Leta 1962
je obranil doktorsko disertacijo Stratigrafski razvoj
starejSega terciarja v jugozahodni Sloveniji s poseb-
nim ozirom na numulite in asiline pod mentorstvom
prof. dr. Ivana Rakovca. Po doktoratu je odSel na izpopolnjevanje kot Stipendist
ustanove Alexander von Humboldt-Stiftung na univerzi v Miinchnu. V obdobju
od 1971 do 1975 je uspeSno deloval kot knjizni urednik v zalozbi Mladinska
knjiga. V letu 1975 je bil izvoljen v naziv izrednega in leta 1981 za rednega pro-
fesorja na Fakulteti za naravoslovje in tehnologijo Univerze v Ljubljani.

Na Fakulteti za naravoslovje in tehnologijo je pouceval vsebine dodiplomskih
predmetov: osnove stratigrafije, biostratigrafija, regionalna geologija, stratigra-
fija in specialna paleontologija za Studente razli¢nih letnikov geologije, predmet
geologija in paleontologija za Studente biologije in pedagogike na Pedagoski
fakulteti v Mariboru, predmet geologija in geomorfologija za Studente geodezi-
je na Fakulteti za gradbeniStvo in geodezijo ljubljanske univerze ter magistrski
predmet mikropaleontologija paleogena na univerzi v Ljubljani. Bil je mentor
domacim in tujim diplomantom, magistrandom in doktorandom, organiziral je
Stevilne strokovne ekskurzije. Dalj ¢asa je bil tudi predsednik komisij pri di-
plomah, magisterijih in doktoratih ter ¢lan Stevilnih drugih komisij. Na takratni
Fakulteti za naravoslovje in tehnologijo je imel tudi ve¢ pomembnih in vodilnih
funkcij. Leta 1974 je bil predstojnik odseka za geologijo pri takratni Montanisti-
ki, v obdobju 1987-1990 prodekan in v letih 1993—-1995 dekan FNT. Upokojil
se je 1. oktobra 2005. Med Studenti je bil priljubljen zaradi svojih Zivahnih pre-
davanj, med katera je znal vkljuciti marsikatero $alo ali anekdoto.

S predavanji, referati in posterji je v obdobju od leta 1957 do 2005 sodeloval na
Stevilnih kongresih, simpozijih in posvetovanjih doma in v tujini, ve¢inoma s

Predstavitev
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problematiko o velikih foraminiferah in z njimi povezano stratigrafijo paleoge-
na. Napisal je okrog 350 znanstvenih razprav in strokovnih ¢lankov, objavljenih
v domacih in tujih revijah ter zbornikih.

Celotna bibliografija prof. Pavlovca je zelo obsezna in je po tematiki zelo bo-
gata ter raznovrstna. Objavljenih ima nad tiso¢ prispevkov. Sodeloval je pri
vom Kras je bila dalj ¢asa v Solah obvezno ¢tivo. V svojem obseznem opusu je
imel tudi veliko predavanj, napisal je ve€ recenzij, ocen in porocil. Samostoj-
no ali skupaj s sodelavci je Pavlovec ugotovil in opisal tudi ve¢ novih vrst in
podvrst paleogenskih foraminifer: Nummulites vipavensis iz Ustij v Vipavski
dolini, N. ustjensis iz Ustij, N. quasilaevigatus iz Vipolz v Brdih, N. brkinensis
in N. postbearnensis iz Podgrada v Brkinih, Assilina medanica iz Vipolz v Br-
dih, 4ss. marinellii similis iz Podgrada, Ass. maxima iz Groznjana v Istri, Ass.
monacensis iz Stene ob Dragonji, Ass. istrana iz Dola pri Hrastovljah, Ass.
exiliformis iz JelSan pri Slovenski Bistrici in dve Skoljéni vrsti: Cardium culji-
nense iz Culjine pri Drnisu in Spondylus variocostatus iz Gluvage pri Drnisu.
Z vsemi navedenimi na novo spoznanimi fosilnimi oblikami organizmov se je
prof. Pavlovec za vedno zapisal v register domace in svetovne paleontoloske
znanstvene litetarture. Marsikatero od navedenih vrst so pozneje ugotovili tudi
zunaj nase domovine.

Izredno veliko je naredil za popularizacijo geoloske in paleontoloske znanosti
med mladimi in najmlaj§imi bralci s svojimi Stevilnimi preprostimi in razu-
mljivimi prispevki, ki jih je objavljal predvsem v slovenskih poljudnih in po-
ljudnoznanstvenih revijah. Objavil je okrog 600 poljudnih ¢lankov in drobnih
vesti v Proteusu, Cicibanu, Pionirju in reviji Zivljenje in tehnika. Zaradi ra-
znovrstnih in mnogoterih poljudnih prispevkov njegovo ime ostaja v spominu
marsikaterega ucenca, dijaka, Studenta, ucitelja in drugih ljubiteljev naravo-
slovja.

Bil je ¢lan ve¢ domacih in tujih drustev, urednik in ¢lan uredniskih odborov
pri mnogih periodi¢nih in monografskih publikacijah. V domacih drustvih je
Se vedno aktiven. Prof. Pavlovec je bil v letih od 1965 do 1969 tudi predsednik
Slovenskega geoloskega drustva, v obdobju od leta 1977 do 1980 pa predsednik
Prirodoslovnega drustva Slovenije. V letu 2002 je postal ¢astni ¢lan Drustva Ex
libris Sloveniae in leta 2005 ¢astni ¢lan DruStva prijateljev mineralov in fosilov
v Trzicu.
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Po upokojitvi prof. Pavlovec nikoli ni pretrgal vezi z matiénim Oddelkom za
geologijo in je ohranil svojo Zivahnost in neposrednost do kolegov. Vedno rad
pomaga s svojimi nasveti in bogatimi izku$njami, s predavanji in raznimi napot-
ki pri izvedbi u¢nega programa za Studente geologije, je vodja Naravoslovno-
tehniske sekcije pri Slovenski matici, tajnik DruStva Ex libris Sloveniae in orga-
nizator izredno zanimivih in priljubljenih strokovnih ekskurzij. Prav tako vsako
leto napiSe vsaj po en znanstveni ¢lanek in vec¢ krajsih strokovnih prispevkov v
razli¢ne publikacije. Nikoli ne odkloni strokovnokriticnih pregledov osnutkov
¢lankov svojih kolegov, z izrednim posluhom za jezik popravi marsikatero ne-
rodno izrazanje in svetuje izboljSave. Zaradi njegovih dolgoletnih uredniSkih
izkuSenj in v njem zakoreninjenega redoljubja taksna besedila zelo hitro pre-
gleda in nemudoma vrne avtorjem, kar je ena od njegovih Stevilnih pozitivnih
osebnostnih znacilnosti.

Za svoja dela je prejel tudi ve¢ nagrad in odlikovanj. Leta 1955 je prejel Preser-
novo nagrado Univerze v Ljubljani za Studente, leta 1964 nagrado Sklada Borisa
Kidric¢a, leta 1977 Levstikovo nagrado Mladinske knjige in leta 1980 medaljo
Bele vrane s son¢nico Drustva ljubiteljev knjig v Lublinu. Leta 1984 pa je bil
odlikovan z redom republike z bronastim vencem.

Prof. Pavlovcu se zahvaljujemo za njegove dosedanje znanstvene, strokovne in
poljudnoznanstvene prispevke in mu ob jubileju znova iskreno Cestitamo in Ze-

limo Se veliko zdravja z Zeljo po nadaljnjem sodelovanju.

Vasja Mikuz in Jernej Pavsic¢
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Ostanki peresastih koral iz eocenskih plasti pri Graci§¢u blizu
Pazina v Istri

A sea pen remnants from Eocene beds at GraciS¢e near Pazin in
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Izvlecek: V prispevku sta obravnavana dva skromna ostanka peresastih ko-
ral (Pennatulacea) iz srednjeeocenskih — lutetijskih skladov najdisca
GraciSce pri Pazinu v Istri na HrvaSkem. Ugotovljeno je, da sta najde-
na ostanka od dveh razli¢nih oblik oktokoral iz druzine Pennatulidae,

ki pripadata rodu Graphularia.

Abstract: Discussed are two modest remains of sea pen corals (Pennatula-
cea) from Middle Eocene — Lutetian beds of Gracis¢e locality near
Pazin in Istria (Croatia). The found remains belong to two distinct
forms of octocorals of Pennatulidae family, of Graphularia genus.

Kljuéne besede: peresaste korale (Pennatulacea), Graphularia, nanoplank-
ton, srednji eocen — lutetij, Gracisce, Istra, Hrvaska

Key words: sea pens (Pennatulacea), Graphularia, nanoplankton, Middle
Eocene — Lutetian, Gracisée, Istria, Croatia

Uvop

Gracisc¢e blizu Pazina je majhen, tipi¢no
istrski zaselek (sliki 1 in 2). Pod njim so
ob regionalni cesti GraciS¢e—Pican raz-
galjeni profili paleogenskih apnencev in

Original scientific paper

fliSnih kamnin. Na nekaterih odsekih,
kjer izdanjajo apnenceve, grobo klastic¢-
ne eocenske olistostrome (slika 3), je
veliko najrazli¢nejsih fosilnih ostankov.
V preteklosti smo v omenjenih srednje-
eocenskih sedimentih Ze nasli dva inter-
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nodija rozenastih koral (Gorgonacea), ki
pripadata vrsti Isis nummulitica (Mikuz
2008 in 2010). Med fosilnimi ostanki
smo opazili tudi majhne, drobne, krat-

ke palicaste in nepravilne oblike, ki jim
dolgo ¢asa nismo posvecali vecje pozor-
nosti. V prerezih imajo okroglo, oval-
no do subkvadratasto obliko. Na obeh

Novigrad

JADRANSKO MORJE
Adriatic sea

30 km

paleogenski fli§ in apnenci
Paleogene flysch and limestones

Slika 1. Geografski polozaj najdis¢a Gracisce pri Pazinu v Istri
Figure 1. Geographical position of site Grac¢i§¢e at Pazin in Istria

RMZ-M&G 2012, 59



Ostanki peresastih koral iz eocenskih plasti pri Grac¢is¢u blizu Pazina v Istri 115

Slika 2. Zaselek Gracisce, jugovzhodno od Pazina na Hrvaskem
Figure 2. The village Gracisce, southeast of Pazin in Croatia
Foto (Photo): V. Mikuz 2008

Slika 3. [zdanki srednjeeocenske olistostrome ob cesti Gracis¢e—Pic¢an
Figure 3. The outcrops of Middle Eocene olistostrome along the road Gracis¢e — Pi¢an
Foto (Photo): V. Rakovc, 1998

RMZ-M&G 2012, 59



116

Mikuz, V., Pavsic, J.

odlomljenih delih apnenceve palicice
opazamo koncentri¢no-radialno zgrad-
bo z majhno osrednjo votlinico velikosti
pike. Glede na opazeno strukturo smo
sklepali, da gre za skeletne ostanke ne-
kih organizmov. Izkazalo se je, da smo
nasli posamezne dele skeleta oktokoral
iz skupine peresastih koral (Pennatula-
cea) oziroma iz rodu Graphularia.

GEOLOSKA ZGRADBA V NAJDISCU GRACISCE

Hagn, Paviovec in Pavsic (1979: G185—
(G186) pisejo, da je v Gracis¢u olistostro-
ma znotraj fliSne serije kamnin. Olistostro-
ma je bila formirana v mlajSem delu sre-
dnjega eocena oziroma v lutetiju. Starost
potrjujejo majhne in velike foraminifere v
laporastem vezivu ter Stevilne vrste kalci-
tnega nanoplanktona. O€itno je tudi, da so
bili organizmi iz plitvejsih delov bazena
preneseni ali postrgani v globlje predele
takratnega morskega bazena, saj imamo
danes v najdis¢u povsem mesano zdruz-
bo razli¢nih fosilnih ostankov. Zdruzba
nanofosilov doloca plastem pri Graciséu
zgornjelutetijsko starost oziroma biocono
Discoaster tani nodifer (NP 16).

PALEONTOLOSKI DEL

Sistematika po: BAYER 1956, Baruk &
Pisera 1984

Classis Anthozoa Ehrenberg, 1834
Subclassis Octocorallia Haeckel, 1866
Ordo Pennatulacea Verrill, 1865

Subordo Subsessiliflorae Kiikenthal, 1915

Genus Graphularia Milne Edwards &
Haime, 1850

Rod Graphularia sta postavila Milne Ed-
wards in Haime leta 1850. Prve primerke
tega rodu so nasli v londonskih glinah
(Branco 1885: 423), vendar Branco
(1885) ne omenja podatkov o starosti teh
glin. Po podatkih Tourae (1918: 418) so
londonske gline spodnjeeocenske staro-
sti. ZitTeL (1880, 209) navaja, da so fo-
silne primerke rodu Graphularia odkrili
v eocenskih skladih Anglije in severne
Afrike. ZitTeL (1895: 98) pise, da je rod
Graphularia znacilen za terciarne skla-
de in ga uvrsca k druzini Pennatulidae.
Avrrorteau (1952: 415) rod Graphula-
ria omenja med tistimi rodovi, katerih
sistematski polozaj ni dolo¢en. BAYER
(1956: F228) omenjeni rod uvrsca v dru-
zino Virgulariidae in poddruzino Virgu-
lariinae, ki jih je postavil VERILL, 1868.
Baruk & Pisera (1984: 205) porocata o
najdbi nove peresaste korale vrste Grap-
hularia transaedina 1z miocenskih ba-
denijskih plasti Poljske, ki ima skeletne
ostanke v prerezu kvadrataste oblike. 1z
interneta 2 smo izvedeli, da danes rod
Graphularia uvrscajo k druzini Pennatu-
lidae Ehrenberg 1834, torej tako kot Zir-
TEL leta 1895.

Graphularia cf. desertorum Zittel,
1880

Tab. 1, sl. la—1d

cf. 1880 Graphularia desertorum Zitt.
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— ZITTEL, 209, Fig. 117

cf. 1880 Graphularia desertorum Zit-
tel — ROEMER, 116-117

cf. 1885 Graphularia desertorum Zit-
tel — Branco, 424, Taf. 20, Figs. 11,
11a—11b

cf. 1895 Graphularia desertorum Zitt.
— Z1TTEL, 98, Fig. 190

cf. 1912 Graphularia desertorum Zit-
tel — ANDREE, 207

cf. 1925 Graphularia desertorum Zit-
tel 1880 — FELIX, 288

Material: Razmeroma skromen fragment
oziroma del skeletnega segmenta (tab. 1,
sl. 1a—1d) iz srednjeeocenskih — lutetij-
skih skladov v okolici Gracisca pri Pazinu

NajdiSce: Izdanki srednjeeocenske oli-
stostrome pod zaselkom Gracisce (slika
3) z bogato in raznoliko mikro- in ma-
krofavno. Makrofavnisti¢ni ostanki so
vecinoma zelo slabo ohranjeni, razen
nekaterih izjem, kot so velike numuliti-
ne, poliheti in redki morski jezki. Ob ce-
sti proti Pi¢nu je velik del profila prekrit
z umetno cementno utrditvijo in je od
leta 2008 dalje prakti¢no nedostopen.

Opis: Ohranjen je samo krajsi del kar-
bonatnega skeletnega segmenta, ki je
palicaste in nekoliko splosc¢ene oblike
(tab. 1, sl. 1a—1b). V prerezu je nepravil-
ne ovalne do stirikotne oblike. Na ozji
ploscati strani poteka vzdolzno ozek
zaobljen greben, ki ima ob straneh dve
ozki zarezi, na nasprotni plosc¢ati stra-
ni pa Sirok plitev zleb. Na prec¢no pre-
rezanih povrSinah segmenta se vidijo

RMZ-M&G 2012, 59

koncentri¢no potekajoce prirastne lini-
je, na sredini prereza je temnejSe polje
oziroma nekdanji osrednji kanal (tab.
1, sl. Ic). Radialno potekajoce linije so
prikrite in manj opazne. Na stranskem,
najbolj zasiljenem robu segmenta opazi-
mo poskodbo (tab. 1, sl. 1d), kjer lahko
opazujemo lupinasto zgradbo skeletne-
ga elementa. PovrSina predstavljenega
dela peresaste korale je gladka.

Velikost delca (Size of fragment):
dolzina (Length) = 17 mm
premer 1 (Diameter 1) = 4,5 mm
premer 2 (Diameter 2) = 3,2 mm

Primerjava: Opisani skeletni fragment
peresaste korale iz Gracis¢a velikostno
in oblikovno zelo ustreza zgornjemu Sir-
Semu delu primerka iz libijske puscave,
ki ga prikazuje (Zrrter 1880: Fig. 117).
Razlika je samo v povrSinski ornamenta-
ciji, graciski primerek je bolj gladek, se-
vernoaftiski ima vec tankih vzdolznih ¢rt.
V marsi¢em je graciski primerek podo-
ben tudi skeletnemu fragmentu iste vrste,
ki ga predstavlja Branco (1885: Taf. 20,
Figs. 11, 11a—11b). ANDREE (1912: 204) je
raziskoval oligocenske ostanke iz Nem¢i-
je (Mainza) in postavil novo vrsto Grap-
hularia crecelii. Skeletni deli te vrste tudi
v marsi¢em spominjajo na vrsto Graphu-
laria desertorum. Mislimo, da med njima
ni bistvenih razlik.

Stratigrafska in geografska razSirje-
nost: Branco (1885: 423, Taf. 20, Figs.
11) opisano vrsto Graphularia deserto-
rum predstavlja iz eocenskih numuli-
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1b
l ‘ |
2a 2b
Tabla 1.

la Graphularia cf. desertorum Zittel, 1880; apnencasti del skeleta s splos¢ene strani,
srednjeeocenska olistostroma blizu Graciséa pri Pazinu na Hrvaskem, velikost pri-
merka 17 mm X 4,5 mm x 3,2 mm

1b Isti primerek z druge strani

Ic Prerez istega primerka s koncentri¢no strukturo, povec¢ano

1d Lupinasta zgradba apnencevega skeleta, povec¢ano

2a  Graphularia incerta (D" Archiac, 1848); del apnencevega skeleta, Gracisée pri Pa-
zinu, velikost primerka 29,5 mm % 3 mm x 2,9 mm

2b Isti primerek z druge strani

2¢ Prerez istega primerka s koncentri¢no lupinasto zgradbo, pove¢ano

iem

1d

1cm
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Plate 1.
la

Graphularia cf. desertorum Zittel, 1880; flat side of calcareous skeletal fragment,

Middle Eocene olistostrome near Gracisc¢e at Pazin in Croatia, size of specimen 17

mm X 4.5 mm X 3.2 mm
1b
Ic
1d
2a

The same specimen from reverse side.

The same specimen, cross section with concentric structure, enlarged.

Layered structure of calcareous skeleton, enlarged.

Graphularia incerta (D’ Archiac, 1848); calcareous skeletal fragment, Gracisce

near Pazin, size of specimen 29.5 mm % 3 mm x 2.9 mm

2b
2c
Fotografije (Photos): Marijan Grm

tnih apnencev libijske puscave. ZITTEL
(1895: 98) pise, da je bila najdena v
eocenskih numulitnih apnencih v kraju
Farafrah v libijski puscavi. FELx (1925:
288) navaja, da so ostanki opisane vrste
najdeni v eocenskih numulitnih apnen-
cih libijske puscave v najdis¢u El-Guss-
-Abu-Said pri kraju Farafrah. Isti avtor
omenja Se druga najdiSca.

Graphularia incerta (D" Archiac,
1848)
Tab. 1, sl. 2a—2c¢

1848 Virgularia incerta, nov. sp. —
D'ArcHiAc, 414, PL. 9, Figs. 14, 14a
1880 Graphularia incerta M. Edw.
et H. (Virgularia incerta d’ Archiac) —
ROEMER, 117

1885 Graphularia incerta Edw. u
Haime — Branco, 424

1912  Graphularia incerta d° Arch. —
ANDREE, 207

1925  Graphularia incerta d" Archiac
sp. 1848 — FELIx, 288

1950 Graphularia incerta Edw. &
Haime — MALARODA, 150
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The same specimen from reverse side.
Cross section of the same specimen with concentric layered structure, enlarged.

Material: Kratek palicast del manjSega
premera (tab. 1, sl. 2a—2c), ki je bil naj-
den v istem najdis¢u v okolici Gracis¢a
pri Pazinu (slika 3).

Opis: Fragment skeletnega dela peresa-
ste korale je paliCast in rahlo ukrivljen
(tab. 1, sl. 2a-2b). PovrSina segmenta
je precej korodirana in zato jamicasta
ter razpokana. Na povrSini ni opazne
nikakr$ne ornamentacije. V prerezih je
okrogle oblike, lepo se vidi osrednji ka-
nal in okoli njega koncentri¢no poteka-
joce prirastne linije (tab. 1, sl. 2c). Tudi
tu se vidi znacilna lupinasta zgradba
apnencevega segmenta. Na eni strani,
kjer je brusena in polirana povrSina, se
v pre¢nem prerezu vidi tudi zelo tanka
radialna struktura.

Velikost delca (Size of fragment):
dolzina (Length) = 29,5 mm
premer (Diameter) =3 x 2,9 mm

Primerjava: Graciski primerek je
primerljiv s primerkom D®ARrcHiac-a
(1848: Taf. 9, Figs. 14, 14a), ki je pribli-
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zno enakega premera in prav tako okro-
glega prereza. Deloma je primerljiv tudi
s primerki vrste Graphularia pyrenaica
(Doncieux 1926: PL. 3, Figs. 13—-19) iz
spodnjelutetijskih plasti v okolici Biar-
ritza v jugozahodnem delu Francije.

Stratigrafska in geografska razSir-
jenost: D" ArcHiacov primerek (1848)
je iz srednjeeocenskih plasti Biarritza
v Franciji. MaLaroba (1950: 151) jo
omenja iz zgornjeeocenskih plasti Itali-
je (Colli Berici), nadalje Se pise, da so
opisano vrsto Graphularia incerta ugo-
tovili v eocenskih skladih anglesko-pa-
riSkega bazena, v lutetijsko-rupelijskih
plasteh Akvitanije v Franciji, v rupelij-
skih Nem¢ije in celo v miocenskih Du-
najske kotline.

V laporastem vezivu olistostrome ali
kaoti¢ne brece v Gracis¢u je ugotovlje-
no 30 nanoplanktonskih oblik:
Campylosphaera dela (Bramlette et Sullivan)
Chiasmolithus grandis (Bramlette et Riedel)
Coccolithus eopelagicus (Bramlette et Riedel)
Coccolithus formosus (Kamptner)
Coccolithus pelagicus (Wallich)
Cyclococcolithus  neogammation (Bram-
lette et Wilcoxon)

Discoaster aster Bramlette et Riedel
Discoaster barbadiensis Tan

Discoaster binodosus Martini

Discoaster binodosus hirundinus Martini
Discoaster deflandrei Bramlette et Riedel
Discoaster distinctus Martini

Discoaster keupperi (Stradner)

Discoaster saipanensis Bramlette et Riedel
Discoaster tani Bramlette et Riedel

Discoaster tani nodifer Bramlette et Riedel
Girgisia gammation (Bramlette et Sullivan)
Helicosphaera cf. obliqua Bramlette et
Wilcoxon

Micrantholithus flos Deflandre
Neococcolithes dubius (Deflandre)
Pontosphaera plana (Bramlette et Sullivan)
Prediscosphaera cretacea (Arkhangelsky)
Reticulofenestra bisecta (Hay, Mohler et Wade)
Reticulofenestra coenura (Reinhardt)
Reticulofenestra umbilica (Levin)
Rhabdosphaera tenuis (Bramlette et Sullivan)
Sphenolithus radians Deflandre

Tetralithus obscurus Deflandre
Tribrachiatus orthostylus (Bramlette et Riedel)
Zygrhablithus bijugatus (Deflandre)

SKLEPI

Predstavljena ostanka srednjeeocenskih
oktokoral iz reda peresastih koral (Pen-
natulacea) sta najdena v olistostromi
blizu Gracis¢a pri Pazinu v Istri (slika
3). Do zdaj takSna fosilna ostanka iz
Istre Se nista bila nikoli dokumentira-
na. Apnenceva skeletna fragmenta sta
zelo skromna, vendar imata vse tiste
znacilnosti, na podlagi katerih jih lahko
uvrstimo k dvema razli¢énima oblikama
peresastih koral, k vrstama Graphularia
cf. desertorum Zittel, 1880 (tab. 1, sl.
la—1d) in G. incerta (D" Archiac, 1848)
(tab. 1, sl. 2a—2c). Obe obliki sta iz dru-
zine Pennatulidae. Priznati moramo,
da od vsega zacetka nismo pric¢akovali
apnencevih skeletnih delov oktokoral,
zato so v nasi zbirki fosilnih ostankov
iz Graci$¢a samo Stirje njihovi primer-
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ki. Dva ostanka pripadata internodijema
vrste Isis nummulitica (Mikuz 2008 in
2010). Odslej bomo bolj pozorni tudi
na takSne in druge drobne ter podobne
ostanke skeletov nekdanjih organizmov.

V vezivu olistostrome je ugotovljeno
30 razli¢nih nanofloristi¢nih oblik. V
seznamu iz Gracisc¢a (tabela 1) je vrsta
Reticulofenestra bisecta (Hay, Mohlet
et Wade) in druge oblike, ki tamkajs$nje
kamnine uvrS¢ajo v spodnji del bio-
cone NP17 (Martint 1971) ali CP14b
(Oxapa & Bukry 1980).

CONCLUSION

The remains of Middle Eocene octoco-
rals of the order of sea pens (Pennatula-
cea) were found in aolistostrome close
to GraciS¢e near Pazin in Istria (figure
3). Up to the present such fossil remains
were not documented in Istria. The cal-
careous skeletal fragments are very mo-
dest, but they display all characteristics
that permit their attribution to two distinct
forms of sea pens, to species Graphula-
ria cf. desertorumZittel, 1880 (pl. 1, figs.
la—1d) and G. incerta (D’ Archiac, 1848)
(pl. 1, figs. 2a—2c). Both forms belong
to family Pennatulidae. We must admit
that from the beginning on the calcare-
ous skeletal parts of octocorals were not
expected, and only four such specimens
occur in our fossil collection from Graci-
S¢e. Two remains belong to internodiums
of species Isisnummulitica (Mixuz 2008
and 2010). From now on we will be more
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attentive to these and similar tiny skeletal
remains of ancient organisms.

30 different nannoplankton species have
been found in the olistostrome matrix.
The list of species from Gracis¢e (Ta-
ble 1) contains Reticulofenestra bisecta
(Hay, Mohler et Wade) and other speci-
es that allow the assignment of the age
of the source rock to the lower part of
the biozone NP17 (MARTINI 1971) or
CP14b (OKADA & BUKRY 1980).
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Osemdeset let Zivljenja in dela zasluZnega profesorja geologije
dr. Simona Pirca

V geologiji, kjer merimo ¢as v milijonih let, 80 let ne
pomeni ravno veliko. Seveda pa je drugace, ¢e teh 80
let pomeni Zivljenje in delovanje enega nasih cenjenih
kolegov, zasluznega profesorja dr. Simona Pirca.

Dne 2. marca 1932, ko se je v Lipnici pri Radovljici
zacelo njegovo zivljenje, si verjetno nih¢e ni mislil,
da ga bo posvetil prav geologiji. Po kon¢ani realni
gimnaziji v Ljubljani se je namre¢ najprej vpisal na
Fakulteto za gradbeniStvo, a Ze po letu dni je postala in
ostala njegova Zivljenjska izbira geologija. Po diplomi
leta 1961 se je kot ekonomski geolog zaposlil na GeoloSkem zavodu Ljubljana.
Verjetno so njegov nemirni duh, Zelja po novih izzivih in obvladovanje ve¢
svetovnih jezikov prispevali k odlocitvi, da se je prikljucil skupini Geoloskega
zavoda, ki je raziskovala rudis¢a v Alziriji. Postal je vodja rudnih raziskav in
uvedel do takrat za slovensko geologijo popolnoma nov nacin — geokemi¢no
prospekcijo. A usoda ni hotela, da bi Se naprej delal kot terenski geolog. Prometna
nesre¢a mu je pustila tako hude posledice pri hoji, da je moral poiskati druga¢no
karierno pot. Leta 1970 se je zaposlil na Odseku za geologijo Univerze v Ljubljani.
Sodeloval je pri predmetih Mikroskopija rud in premogov ter Ocena in metode
raziskav koristnih mineralnih surovin. Raziskovalno se je vedno bolj usmerjal v
uporabo geokemije in statistike. Po magisteriju leta 1975 se je na Studij odpravil v
ZDA na pensilvanijsko drZzavno univerzo Penn State, kjer je 1979 doktoriral.

Pridobljeno znanje je prenesel v Slovenijo predvsem z modernizacijo Studijskega
programa. Leta 1980 je pridobil naziv docenta ter uvedel in predaval dva
popolnoma nova predmeta: Geokemija in Statistika v geologiji, svoje bogate
izkuSnje terenskega geologa pa delil s Studenti pri predmetu Ekonomska
geologija. Nepozabna so bila tudi njegova predavanja iz uporabe tuje strokovne
literature. Njegova predavanja so bolj kot podajanje dejstev zaznamovali
spodbujanje k razmisljanju ter poznavanje SirSih okvirjev vse od naravoslovnih
znanosti do filozofije in umetnosti. Vedno se je trudil, da bi Studenti razumeli, da
je geologija globalna veda, ki se ne konc¢a v geografskih mejah Slovenije. S svojo
odprtostjo in ¢loveskim odnosom je pritegnil Stevilne diplomante, magistrante
in doktorande.

Predstavitev
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Na raziskovalnem podrocju se je usmeril predvsem v geokemicno kartiranje
in statisti¢ne tehnike reprezentativnega vzorcenja. Uspesno je reSil probleme
geokemicnega kartiranja na kraskih podrocjih. Kartiranje z uporabo tal, vodnih
mahov, vode, rastlin in podstresnega prahu je odprlo vrata lo¢evanju geogenih in
antropogenih vplivov in s tem novim podro¢jem v geologiji — geologiji okolja,
geomedicini in vojaski geologiji. Zavedal se je pomembnosti mednarodnih
povezav in Ze leta 1984 postal vodja skupnih projektov z ZDA, ki so jim sledili
projekti Alpe-Jadran ter IGCP-projekti, v okviru katerih je pomagal postaviti
temelje geokemicne karte Evrope.

Za svoje delo je leta 2005 prejel Lipoldovo medaljo, leta 2006 pa je postal
zasluzni profesor ljubljanske univerze.

Tudi po upokojitvi leta 2002 ni opustil stika s stroko — prevaja strokovna in
znanstvena besedila, je recenzent v domacih in tujih revijah ter ¢lan uredniskega
odbora v Journal of Geochemical Exploration. S svojim bogatim znanjem in
duhovitostjo ob¢asno popestri tudi redna predavanja Studentom.

Zasluzni profesor dr. Simon Pirc v Zivljenju ni bil le pronicljiv raziskovalec in
razumevajo¢ pedagog, temvec vedno in na prvem mestu ¢lovek. Ob jubileju
mu iskreno Cestitamo in zelimo, da bi se tudi v njegovem devetem desetletju

srecevali ob iskrivih pogovorih.

Nina Zupanci¢
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Regionalna porazdelitev geokemic¢nih prvin v tleh Slovenije

Regional distribution of geochemical elements in Slovenian soils
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Izvlec¢ek: Rezultat okoljske geokemicne raziskave v mrezi 5 km x 5 km na
obmocju celotne Slovenije je omogocil opredelitev geokemicnega od-
tisa kamnin v tleh na regionalni ravni, kar je pomembno pri interpre-
taciji geokemicnih procesov in za loCevanje ter oceno antropogenih
obremenitev. Prikazane in komentirane so porazdelitve 28 kemicnih
prvin (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg, Mn,
Mo, Na, Nb, Ni, P, Pb, Sb, Sc, Sn, Sr, Th, Ti, U, V, W, Y, Zn in Zr).
Na osnovi primerjave vsebnosti teh prvin v tleh na obmocju Sloveni-
je lo¢imo 5 naravnih geokemi¢nih zdruzb: Ni-Cr-Cu-Sc-Fe-V-Mn-Ti,
K-Al-Ba-Na, La-Th-U-Zr-Y-Ti, Sr-Ca-Mg, Pb-Zn-P in zdruzbo, ki

pomeni faktor onesnazenja pri pripravi vzorcev tal.

Abstract: Evironmental geochemical investigation of Slovenia on 5 km x 5 km
raster grid enabled regional determination of geochemical rock imprint
on the soils. Results are important for interpretation of geochmical pro-
cesses, and to discern and assess anthropogenic pressures. Distribution of
28 elements (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg,
Mn, Mo, Na, Nb, Ni, P, Pb, Sb, Sc, Sn, Sr, Th, Ti, U, V, W, Y, Zn in Zr)
are presented together with commentary. Based on the content of these
elements in the soil there could be defined 5 natural geochemical associa-
tions in Slovenia: Ni-Cr-Cu-Sc-Fe-V-Mn-Ti, K-Al-Ba-Na, La-Th-U-Zr-
Y-Ti, Sr-Ca-Mg, Pb-Zn-P. The sixth association Co-W is reperesentative

of polution resulting in the process of soil sample preparation.

Kljué¢ne besede: radiometri¢ne raziskave, geokemija, tla, faktorska analiza,

Slovenija

Key words: radiometric survey, geochemistry, soil, factor analysis, Slovenia
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Uvop

Prvo sistemati¢no zbiranje geokemicnih
podatkov sega v obdobje takoj po drugi
svetovni vojni, ko so podobno kot v dru-
gih drzavah tudi v Sloveniji zaceli iskati
radioaktivne kamnine, predvsem tiste,
ki vsebujejo uran. Po odkritju uranske
mineralizacije v grodenskih skladih Ita-
lije in podobnih sedimentih v nekaterih
drugih drzavah je Zavod za nuklearne
surovine iz Beograda v letu 1960 zacel
sistemati¢no prospekcijo grodenskih
plasti v Slovenji in preverbo radioak-
tivnih anomalij, ki so bile odkrite Ze pri
prejs$njih raziskavah. Med vecjimi regi-
onalnimi prospekcijami je treba omeniti
tudi letalsko radiometri¢no in hidroge-
okemicno prospekcijo. V letu 1969 so
omenjeni prospekciji izvedli razisko-
valci InStituta za raziskovanje jedrskih
surovin iz Beograda z namenom, da bi
ugotovili anomalne vsebnosti urana v
tleh, vodah in mulju (PETROVIC & PoO-
KRAJAC, 1969).

Ceprav je bil uran primarnega pomena,
so pri raziskavah izkoristili priloznost
in opravili ve¢ raziskav tudi drugih ge-
okemicnih prvin. Geokemicne raziska-
ve na obmocju Posavskih gub v Slo-
veniji je povzel Pirc (1977). Po zbra-
nih ocenah koli¢in urana v kamninah,
vodah in muljih je Pirc podal osnovne
znacilnosti vedenja urana v obravnava-
nih okoljih. Med obratovanjem rudnika
urana Zirovski Vrh so bile od leta 1974
do 1989 na obmodju med Zirovskim

Vrhom in Skofja Loko opravljene $te-
vilne radiometricne in geokemicne
prospekcije z namenom odkriti nove
zaloge uranove rude.

Ob jedrski nesre¢i v Cernobilu leta
1986 se je izkazalo, da ni na voljo
dovolj zanesljivih podatkov o kemic-
ni sestavi zemeljskega povr§ja. Zato
so kmalu nato zasnovali mednarodni
projekt (IGCP 259) z naslovom Med-
narodno geokemicno kartiranje (DARN-
LEY et. al. 1995). V okviru omenjenega
projekta je bil uradno uveden leta 1993
izraz »geokemicno ozadje«, ki se nana-
S$a na naravno nihanje vsebnosti prvin v
okolju na zemeljskem povrsju in vklju-
cuje geogene vsebnosti prvin (narav-
nega ozadja) in razprSene antropogene
prispevke v okolju. V okviru sloven-
skega dela projekta so se preucevali na
statisti¢ni podlagi zasnovani postopki
za kartiranje z vzoreci tal, vode, vodne-
ga mulja in mahu (Pirc & MaksIMOVIC,
1985; ANDIELOV, 1986; PirC et al. 1991;
PirC 1993; Pirc & SaN 1997; Sai et.
al. 1998). Omenjenemu projektu je sle-
dil projekt Globalne geokemicne osno-
ve (IGCP 360), ki se je nadaljeval in
koncal pod okriljem IUGS. Rezultat
tega projekta je bil geokemicni atlas
Evrope (Bibovec & Pirc 2008), ki je
bil izdelan na podlagi vzorcev vode,
tal, humusa ter poto¢nega in poplavne-
ga mulja.

Raziskave urana v Sloveniji so bile kon-
cane leta 1990, ker ni bilo ve¢ potrebe
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po odkrivanju novih zalog uran. Z novo
fazo raziskav smo se lotili na Institutu za
geologijo, geotehniko in geofiziko Geo-
loskega zavoda Ljubljana sistemati¢ne
izdelave radiometricne karte Slovenije.
Celotno ozemlje drzave je bilo pokrito
s pravilno mrezo 5 km x 5 km, v kateri
so bile na 816 lokacijah opravljene me-
ritve gama sevanja in na 819 lokacijah
odvzeti vzorci tal za geokemi¢ne ana-
lize (ANDIELOV, 1993; ANDIELOV, 1994;
ANDIELOV & Kral¢, 1994; ANDIELOV et.
al. 1995; AnpieLov 1999). Namen teh
raziskav je bil, da bi dosegli na regio-
nalni ravni popolno pokritost Slovenije
z radiometri¢nimi in geokemi¢nimi po-
datki. Ti podatki so omogocili izdelavo
radiometri¢nih in geokemicnih kart, na-
tan¢nejSe ocene naravnega ozadja anali-
ziranih prvin v tleh in zagotovili okvir za
razlicne geoloske in okoljske raziskave.
Poznanje geokemicnega ozadja v tleh je
uporabno za oceno dejanskega stanja v
okolju in pri zagotavljanju smernic in
standardov kakovosti za okoljsko zako-
nodajo na podroc¢ju ocenjevanja onesna-
Zenja tal.

MATERIALI IN METODE

Osnova za izbiro izhodiS¢a vzorcne
mreze so bile geokemicne raziskave
v Istri (PIrc & Zurancic, 1989), ki so
vklju€evale analizo variabilnosti v
razli¢nih geoloskih medijih. Za zago-
tovitev sistemati¢nosti meritev smo
uporabili vzoréno mrezo s celicami
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5 km x 5 km z naklju¢no izbranim iz-
hodis¢em. Skupno je bilo v Stirih letih
opravljenih 817 radiometricnih me-
ritev K, U in Th in na 819 lokacijah
odvzet vzorec tal za geokemi¢no pre-
iskavo. Vzor¢ili smo zgornjih 10 cm
talnega profila. Povpre¢na masa vzor-
caje bila od 1,5 kg do 2 kg.

Vzorce s povpre¢no 22-odstotno vlago
smo zracno osusili, presejali na 2-mi-
limetrskih sitih in nato zmleli v vibra-
cijskem mlinu do debeline 0,063 mm.
Vzorci so bili analizirani v laboratoriju
ACME v Vancouvru v Kanadi s plazem-
sko emisijsko spektrometrijo (ICP-ES)
po Sstirikislinskem razklopu (ACME,
1993): 0,25-gramski vzorec se raztaplja
v 10 ml meSanici kislin HCIO,, HNO,,
HCI in HF pri temperaturi 200 'C. V
vzorcih so dolocili 35 prvin: Ag, Al, As,
Au, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe,
K, La, Mg, Mn, Mo, Na, Nb, Ni, P, Pb,
Sb, Sc, Sn, Sr, Th, Ti, U, V, W, Y, Zn in
Zr. Podobno metodo so uporabili SaN
in sodelavci (1998). Uran je bil dolocen
z metodo nevtronske aktivacije (DNC)
v laboratoriju XRAL v Don Millsu v
Kanadi (XRAL, 1993).

Primerjava rezultatov uporabljenih
merilnih tehnik in analitskih metod je
pokazala, da je korelacija med teren-
skimi radiometriénimi meritvami s
4-kanalnim spektrometrom s 348 cm’
velikim detektorjem natrijevega jodida
in doloc¢itvami v laboratoriju za kaljj
(ICP +0,75) in uran (DNC +0,66).
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Ocena ponovljivosti je pokazala, da
imajo zelo dobro ponovljivost (d < 10
%) Al, Ca, Fe, K, Mg, Na, P, Ti, Ba,
Co, Cr, La, Mn, Ni, Sc, Sr, U, V, W, Y,
Zn in Zr. Relativno razliko med 10 %
in 20 % imajo 3 prvine (Cu, Pb, Th).
Glede na rezultate primerjalnih meritev
in meritev geoloskih standardov meni-
mo, da so uporabljene metode zadosti
natancne za izdelavo geokemicnih kart
prvin in oceno porazdelitve vsebnosti
prvin v tleh.

REZULTATI IN RAZPRAVA

Slovenska povprecja vsebnosti ke-
micénih prvin v tleh

Rezultati kemi¢nih analiz 819 vzorcev
tal v mrezi 5 km x 5 km v Sloveniji
omogocajo oceno povprecnih vsebno-
sti 24 kemicnih prvin (tabela 1). Prvin,
ki imajo ve¢ kot eno Cetrtino dolocitev
pod mejo detekcije, ne prikazujemo.
Ocena vsebnosti urana v tleh je bila
narejena z analizo 814 vzorcev tal z
nevtronsko aktivacijo.

Priblizno enake (+25 %) vrednosti sve-
tovnega povprecja so mediane devetih
prvin, Al, Cu, Fe, K, Mn, Ni, P, Tiin V
(tabela 1). Nekaj vecji (do 100 %) sta
mediani dveh prvin: Mg in Th in mno-
go vecje (ve¢ kot 100 %) so mediane
prvin Co, Pb, U in Zn. Nizje so media-
ne Sestih prvin Ba, Ca, Na, Sr in Zr. O
clarku za Cr, La, Sc, W in Y v tleh ni-
mamo podatkov. Glede na primerjavo

povprecij prvin v tleh v Sloveniji lahko
recemo, da se bistveno ne odmikajo od
svetovnih povprecij v tleh, kot tudi ne
od evropskih povprecij. Rezultati ke-
micnih analiz 819 vzorcev tal v mrezi
5 km x 5 km v Sloveniji omogocajo
oceno povprecnih vsebnosti 24 kemic-
nih prvin (tabela 1). Poleg omenjenih
prvin je bil v 814 vzorcih tal analiziran
tudi uran.

Priblizno enaka (£25 %) vrednosti
clarka so povpre€ja osmih prvin: Al,
Fe, Na, K, Ti, P, Mn in V (tabela 1).
Nekaj vecja (do 100 %) so povprecja
Sestih prvin: Ca, As, Cu, Ni, Sr in Th,
ter mnogo vecja (vec kot 100 %) pov-
precja prvin: Mg, Cd, Co, Pb, U, in Zn.
Nizja so povprecja treh prvin: Ba, Cr
in Zr. O clarku za Be, La, Nb, Sc in
Y v tleh nimamo podatkov. Splosno
lahko re¢emo, da se povprecja prvin v
tleh v Sloveniji ne razlikujejo bistve-
no od ocen svetovnega in evropskega
povprecja.

Naravna porazdelitev kemi¢nih prvin
v tleh Slovenije

V postopku statisticne obdelave smo
upostevali analize 814 dolocitev kemic-
nih prvin v vzorcih tal. Za oceno pove-
zave med prvinami smo uporabili fak-
torsko analizo vrste R, ki temelji na po-
vezavi med spremenljivkami na osnovi
matrike korelacijskih koeficientov (Ko-
SMELJ, 1983; Davis, 1986). Za optimi-
ranje prostorske razporeditve faktorjev
je bila uporabljena metoda ortogonalne
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Tabela 1. Dolocitve vsebnosti kemicnih prvin v tleh Slovenije v primerjavi z vrednostmi

evropskega in svetovnega povprecja

Prvina Slovenija — meritve v mrezi 5 km x 5 km Evropa, clarke
min. max. X X, M
Al 0,39 11,12 6,69 6,31 6,92 11,0 7,13
Ca 0,02 28,92 2,58 0,99 0,78 0,92 1,37
Fe 0,21 11,76 3,75 3.47 3,80 3,51 3,8
K 0,06 4,09 1,45 1,30 1,40 1,92 1,36
Mg 0,09 10,87 1,35 0,95 0,83 0,77 0,6
Na 0,02 2,54 0,53 0,43 0,47 0,80 0,63
P 0,011 0,458 0,074 0,064 0,063 0,128 0,08
Ti 0,01 2,23 0,38 0,33 0,36 0,572 0,46
Ba 12 2261 371 323 360 375 500
Co <2 99 28 25 26 7,78 8
Cr 7 406 90 82 88 60,0 200
Cu <1 271 28 23 23 13,0 20
La <2 104 31 28 30 23,5
Mn 24 7187 1044 857 902 650 850
Ni <2 548 53 45 47 18,0 40
Pb 4 1112 40 34 34 22,6 10
Sc <1 41,0 13,2 12,2 13,0 9,19
Sr 13 1016 98 85 82 89,0 300
Th <2 26 11 10 11 7,24 6
U+ <0,1 9,8 3,7 3,4 3.4 2,00 1
v 5 357 118 105 113 60,4 100
w <2 293 62 41 41 <5,0
Y <2 116 18 15 15 21,0
Zn 10 1877 116 103 104 52,0 50
Zr <2 227 49 40 46 231 300

Legenda: Glavne prvine v delezih (%) in sledne v miligramih na kilogram so bile dolocene z

ICP-metodo, + dolocitve z DNC metodo, min-max — razpon vrednosti, X — aritmeti¢na sredina,

X, — geometri¢na sredina, M — mediana, slovensko povprecje vsebnosti prvin v tleh, clarke  —

svetovno povprecje vsebnosti prvin v tleh (RosLEr & LaNGE, 1972), Evropa, — evropskop o v -

precje vsebnosti prvin v zgornjem sloju tal (0-25 cm) (SALMINEN et al., 2005)

rotacije (varimax). S faktorsko analizo
smo zacetno Stevilo 25 obravnavanih
kemic¢nih prvin skrcili na 6 sinteticnih
spremenljivk, ki skupno pojasnjujejo
76,9 % celotne variance. Pri interpreta-
ciji smo upostevali le pet faktorjev, ki

RMZ-M&G 2012, 59

pomenijo naravne geokemicne zdruZbe,
Sesti faktor pomeni onesnazenje pri pri-
pravi vzorcev tal. Faktorje smo vsebin-
sko opredelili na osnovi najvi§jih pozi-
tivnih in negativnih vrednosti v matriki

faktorskih utezi (tabela 2).



130 ANDIELOV, M.
Tabela 2. Dominantne vrednosti rotiranih faktorskih obremenitev (n = 814)

Prvina F1 F2 F3 F4 F5 F6 Kom
Ni 0,91 0,85
Cr 0,83 0,87
Cu 0,75 0,64
Sc 0,73 0,88
Fe 0,72 0,86
\% 0,68 0,81
Mn 0,64 0,65
Ti 0,51 0,53 0,81
K 0,83 0,68
Al 0,70 0,90
Ba 0,70 0,82
Na 0,65 0,69
La 0,80 0,80
Th 0,79 0,70
U 0,77 0,64
Zr 0,64 0,61
Y 0,59 0,78
Sr -0,74 0,52
Ca -0,68 0,82
Mg -0,52 0,64
Pb 0,78 0,56
Zn 0,75 0,66
P 0,66 0,45
Co 0,80 0,85
w 0,87 0,79
Var 21,7 13,8 15,3 7,2 8,0 10,9 76,9

F1 ... F6 — faktorske obremenitve, Kom — komunaliteta v delezih (%), Var — varianca v

delezih (%)

Geokemicna zdruzba Ni, Cr, Cu, Sc,
Fe, V, Mn, Ti

S prvim faktorjem je pojasnjeno 21,7 %
skupne variabilnosti in zdruzuje najvec
prvin (tabela 2). Faktor je pozitivno
obremenjen z Ni (0,91), Cr (0,83), Cu
(0,75), Sc (0,73), Fe (0,72), V (0,68),
Mn (0,64) in Ti (0,51). Visoke pozitivne
vrednosti faktorja najdemo v zahodni
Sloveniji v distri¢nih in evtri¢nih rjavih
tleh v Vipavski dolini, na fliSu Postojn-

ske kadunje in na ozemlju istrskega ter
brkinskega fliSnega bazena (slika 1).
Vi§je pozitivne faktorske vrednosti so
na Krasu v jerovici, na Primorskem v
rendzinah na alveolinsko-numulitnih
apnencih in na Dolenjskem v rjavih po-
karbonatnih tleh ter v rendzinah na kre-
dnih in jurskih apnencih.

V severovzhodni Sloveniji najdemo
poviSane vrednosti faktorja v dis-

RMZ-M&G 2012, 59
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Slika 1. Prostorska porazdelitev prvega faktorja (Cr, Cu, Fe, Mn, Ni, Sc, Ti, V)

tricnih rjavih tleh na ozemlju meta-
morfnih kamnin na Strojni, Kozjaku
in Pohorju. Prvi faktor ima najvisje
negativne vrednosti na Pohorju, kjer
izdanja granodiorit. V Julijskih Al-
pah so visoke negativne vrednosti v
rendzinah, ki so nastale na nesprije-
ti moreni in gru$cu. Negativne vre-
dnosti so Se v distri¢nih rjavih tleh
na permskih in permokarbonskih
plasteh na Idrijsko-Skofjeloskem
ozemlju in Posavskem hribovju.
Faktor izraza prevladujoco podvr-
zenost vremenskim vplivom z viso-
ko stopnjo erozije in visoke hitrosti
sedimentacije.
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Geokemicna zdruzba K, Al, Ba in Na
Z drugim faktorjem je razlozeno 13,8 %
celotne variance. Obremenjen je s prvi-
nami: K (0,83), Al (0,70), Ba (0,70) in
Na (0,65). Visoke vrednosti faktorja so
vezane zlasti na districna rjava tla na
razli¢nih silikatnih kamninah in tla, ki
jih obcasno ali stalno zaliva povrSin-
ska ali podzemna voda (oglejena tla
in psevdogleji) (slika 2). Na Pohorju,
Strojni in Kozjaku najdemo najvisje
vrednosti drugega faktorja v tleh na
granodioritu, muskovitno-biotitovem
gnajsu in kremenovem sericitnem fili-
tu. Visoke vrednosti so tudi v districnih
rjavih tleh na Idrijsko-Skofjeloskem
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Slika 2. Prostorska porazdelitev drugega faktorja (Al, Ba, K, Na)

ozemlju in Posavskem hribovju na
permokarbonskem kremenovem pe-
S¢enjaku, skrilavem glinovcu in kon-
glomeratu. V Dravski in Murski rav-
nini ter Slovenskih goricah so visoke
vrednosti faktorja vezane na oglejena
tla in psevdogleje ter na distri¢na in ev-
tri¢na rjava tla, ki so nastala na pesce-
nem laporju, pesku in produ.

Nizke vrednosti faktorja so na obmo-
¢ju Zunanjih Dinaridov v rjavih pokar-
bonatnih tleh in rendzinah na triasnih,
jurskih in krednih apnencih in dolomi-
tih. Na obmocju Julijskih Alp so nizke
vrednosti faktorja vezane za rendzine,

nastale na morenah in pobo¢nem gru-
S¢u. Prvine, ki nastopajo v tem fak-
torju, so vezane predvsem na glinaste
komponente v tleh.

Geokemicna zdruzba La, Th, U, Zr,
Yin Ti

Tretji faktor pojasni 15,2 % celotne
variabilnosti. Pozitivno je obremenjen
z: La (0,80), Th (0,79), U (0,77), Zr
(0,64), Y (0,59) in Ti (0,53). Tretji fak-
tor je najmocneje izrazen na ozemlju
karbonatnih kamnin juzne Slovenije.
Ozemlje je zgrajeno iz apnencev in
dolomitov triasne, jurske in kredne sta-
rosti. Tu nastopajo rendzine, rjava po-

RMZ-M&G 2012, 59
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Slika 3. Prostorska porazdelitev tretjega faktorja (La, Th, Ti, U, Y, Zr)

karbonatna tla in izprana tla. Najvisje
vrednosti faktorja najdemo v Suhi Kra-
jini, na Blokah in v Beli krajini (slika
3). Visoke vrednosti faktorja opazimo
tudi v rdecih in rjavih glinah Dolen;-
skega podolja.

Negativne vrednosti faktorja v Kopr-
skih brdih, Brkinih, Vipavski dolini in
Banjsicah so vezane na distri¢na rjava
tla na nekarbonatnih fliSnih kamninah
in evtricna rjava tla na laporju in fliSnih
kamninah. Negativne vrednosti faktor-
ja na ozemlju Julijskih Alp nastopajo
v rendzinah na morenah in grus¢u. Na
Idrijsko-Skofjeloskem ozemlju in v

RMZ-M&G 2012, 59

Posavskem hribovju so negativne vre-
dnosti faktorja v distri¢nih rjavih tleh
na pescenjakih, skrilavih glinovcih in
konglomeratih. Ravno tako so na oze-
mlju Pohorja, Strojne in Kozjaka ne-
gativne vrednosti faktorja vezane za
distri¢na rjava tla na metamorfnih ka-
mninah.

Med prvinami, zdruzenimi v tem fak-
torju, je dolocena kristalno-kemijska
podobnost (velikost iona, naboj, ele-
ktronegativnost itd.), zato pogosto
prihaja do nadomescanja med njimi.
Uran je pogosto vezan kot zamenja-
va za itrij, cerij, cirkonij, torij, kalcij
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in barij v mineralih, kot so ksenotim,
allanit, cirkon, torianit, fluorit, barit
itd. Torij pa je vezan kot zamenjava
za ione urana, cirkonija, cerija v ura-
ninitu, cirkonu, monacitu, braneritu in
allanitu.

Geokemicna zdruzba Sr, Ca in Mg

Cetrti faktor pojasnjuje najmanj sku-
pne variabilnosti, le 7,2 %. Izrazen
je predvsem njegov negativni krak,
nanj so vezani: Sr (-0,74), Ca (-0,68)
in Mg (-0,52). Visoke pozitivne vre-
dnosti faktorja, ki pomenijo nizke vre-
dnosti Sr, Ca in Mg, so vezane na di-
stri¢na rjava tla na razli¢nih silikatnih
kamninah in nekarbonatnih flisnih ka-

mninah (slika 4). Na Idrijsko-Skofje-
loSkem ozemlju in Posavskem hribov-
ju so visoke vrednosti faktorja veza-
ne na distri¢na rjava tla na skrilavem
glinovcu, kremenovem pescenjaku in
konglomeratu permske in permokar-
bonske starosti.

Visoke vrednosti faktorja opazimo tudi
v tleh, ki so nastala na triasnih glinov-
cih in pescenjakih. V porecju Notranj-
ske Reke in dolini Soc¢e najdemo po-
viSane vrednosti faktorja v districnih
rjavih tleh na fliSnih plasteh. V Beli
krajini so poviSane vsebnosti faktorja v
izpranih tleh. PoviSane vsebnosti fak-
torja najdemo tudi na Pohorju, Strojni
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in Kozjaku v distri¢nih tleh, nastalih na
kremenovem sericitnem filitu in filitoi-
dnem skrilavcu. Na Gori¢kem so viso-
ke vrednosti faktorja v tleh, nastalih na
kremenovem produ.

Negativne vsebnosti tega faktorja so
vezane na obrecna tla, ki nastajajo v
ozkih poplavnih pasovih vzdolZ rek in
oglejena tla, za katera je znacilno za-
drzevanje vode v tleh (Sava, Savinja,
Drava, Mura). Na Dolenjskem in No-
tranjskem so negativne vrednosti v rja-
vih pokarbonatnih tleh in rendzinah na
apnencih in dolomitih. Negativne vre-
dnosti najdemo tudi v evtri¢nih rjavih
tleh na fliSnih plasteh Primorja. Na Po-
horju, Strojni in Kozjaku so negativne
vrednosti faktorja 4 vezane na predele,
ki jih sestavljajo metamorfne kamnine,
to so muskovitno-biotitov gnajs in klo-
ritno-amfibolov skrilavec in globo¢ni-
na pohorski granodiorit.

Na splosno lahko opazimo, da so vre-
dnosti faktorja pozitivne na ozemljih
silikatnih klasti¢nih kamnin, negativne
vrednosti pa so na ozemljih karbona-
tnih kamnin. Ker je negativni krak bolj
izrazen, smo ga poimenovali negativni
karbonatni faktor. Na ta faktor imajo
domnevno velik vpliv klimatske varia-
cije in izpiranje tal. Ugotovili so, da je
vezava stroncija odvisna od vsebnosti
glinenih komponent in topnih katio-
nov v raztopini. Vezava stroncija v tleh
upada, ¢e narasc¢a vsebnost Mg in Ca v
talni raztopini.

RMZ-M&G 2012, 59

Geokemic¢na zdruzba Pb, Zn in P
Peti faktor pojasni 8 % celotne va-
riabilnosti. Ta faktor bremenijo: Pb
(0,78), Zn (0,75) in P (0,66). Najvisje
vrednosti faktorja so v rendzini na tri-
asnem apnencu na Peci in v $irsi oko-
lici, kjer so zelo pomembna orudenja
svinca in cinka (slike 5). V Posavskem
hribovju so visoke vrednosti faktorja v
distri¢nih rjavih tleh na permokarbon-
skem skrilavem glinovcu, pescenjaku
in konglomeratu. Na omenjenem oze-
mlju so v $irsi okolici Litije pomembna
svincevo cinkova rudi§¢a. V podobnih
kamninah so visoke vsebnosti faktorja
v tleh na Idrijsko-Skofjeloskem oze-
mlju.

Visoke vsebnosti faktorja opazimo tudi
v Julijskih Alpah v rendzinah na dolo-
mitu in apnencu, moreni in pobocnem
gruscu. Pojave svincevo-cinkove rude
na tem obmocju najdemo v Planici pri
Ratecah ter na jugozahodnem pobocju
Mangarta in so v zvezi z rudi§¢em v
Rablju (DrovenIk et al., 1980). V zaho-
dnih Karavankah so v distri¢nih rjavih
tleh na glinovcu in pes¢enjaku povisa-
ne vrednosti faktorja pod Golico. Po-
viSane vrednosti faktorja so tudi v ev-
tricnih rjavih tleh na savskem prodnem
zasipu v Ljubljanski kotlini.

Negativne vrednosti faktorja najdemo
v tleh na fliSu v Koprskih brdih, Brki-
nih in Vipavski dolini. Nizke vredno-
sti faktorja so vezane tudi za rendzine
in rjava pokarbonatna tla na apnencih
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Slika 5. Prostorska porazdelitev petega faktorja (Pb, Zn, P)

in dolomitih Notranjske in Dolenjske.
V Murski ravnini in na Gorickem so
negativne vrednosti faktorja vezane
na distri¢na in evtri¢na rjava tla na pe-
S¢enem laporju, pesku in produ. Fak-
tor kaze naravno porazdelitev nastetih
prvin v tleh, kot tudi domnevne vplive
industrijskih onesnazevalcev. Peti fak-
tor bremenita predvsem tezki kovini.

Zdruzba W in Co

Sesti faktor opredeljuje 10,9 % celotne
variance. Ta faktor bremenita predvsem
W (0,87) in Co (0,80). Glede na ti prvini
lahko Sesti faktor interpretiramo kot fak-
tor onesnazenja vzorcev z mletjem v mli-

nu iz volfram-kobaltovega karbida. Fak-
tor dejansko pomeni vsebnosti abraziv-
nih mineralov v vzorcih. Visje vrednosti
faktorja imamo predvsem v bolj abra-
zivnih tleh severovzhoda Slovenije na
magmatskih in metamorfnih kamninah
Pohorja in na kremenovem pesku, produ
in glinah v Dravski ravnini, Slovenskih
goricah, Murski ravnini in na Gorickem.

SKLEPI
S statisticno obdelavo multielemen-
tnih kemi¢nih analiz tal, vzor¢evanih v

mrezi 5 km x 5 km, in z geokemi¢nimi

RMZ-M&G 2012, 59
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kartami smo prisli do sklepa, da obstaja
najmanj pet geokemicnih zdruzb prvin,
ki so prostorsko vezane na razlicne tipe
tal. Zdruzba Cr-Cu-Fe-Mn-Ni-Sc-Ti-V
je znacilna za tla na fliSu v zahodni Slo-
veniji, jerovice na Krasu, rjava pokar-
bonatna tla na Dolenjskem in districna
tla na metamorfnih kamninah v seve-
rovzhodni Sloveniji. Zdruzba Al-Ba-K-
-Na je vezana na distri¢na rjava tla na
razli¢nih silikatnih kamninah, glejna tla
in psevdogleje. Zdruzba La-Th-Ti-U-Y-
-Zr je najmocneje izrazena na ozemlju
karbonatnih kamnin juZzne Slovenije,
kjer nastopajo rendzine, rjava pokarbo-
natna tla in izprana tla. Za zdruzbo Ca-
-Mg-Sr so znacilne negativne vrednosti,
ki so vezane na obrecna in oglejena tla
(Sava, Savinja, Drava in Mura), na tla
na metamorfnih kamninah (Pohorje,
Strojna in Kozjak) in na evtri¢na rjava
tla Primorja. Zdruzba P-Pb-Zn je znacil-
na za tla v okolici svincevo-cinkovih ru-
dis¢ (Mezica, Litija, Mangart), distri¢na
rjava tla v Posavskih gubah in rendzine
na dolomitu in apnencu, moreni in po-
boc¢nem gruscu Julijskih Alp.

Glede na raziskovalne ugotovitve
lahko sklenemo, da ocene naravnega
ozadja vsebnosti kemi¢nih prvin v tleh
niso odvisne le od geokemicne sestave
mati¢nih kamnin, ampak izrazajo tudi
obstoj znanih metalogenetskih anoma-
lij, kar nakazuje na pomembno vlogo
poznavanja regionalne geologije pri
izbiri vzorénega nacrta za ugotavljanje
naravnega ozadja tal.
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Delo je rezultat naloge Karta naravne
radioaktivnosti Slovenije. Podatki teh
raziskav so bili podrobneje obdelani
v doktorski disertaciji z naslovom Ra-
dioaktivne prvine v tleh Slovenije pod
mentorstvom prof. dr. Simona Pirca.
Za vso pomoc¢, nasvete in podporo pri
nastajanju se mu iskreno zahvaljujem.
Moja zahvala velja tudi sodelavcem
GeoloSkega zavoda Ljubljana, Se po-
sebej pokojnemu Zoranu Klai¢u za po-
mo¢ pri meritvah in vzorcevanju, kar
je omogocilo zakljucek tega obseznega
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Abstract: Presented investigations confirmed that soils in the wider Idrija

surroundings are highly enriched with mercury. The most important
sources of mercury in soils for wider Idrija area were atmospheric
emissions from the roasting plant. Hg gasses and dust particles have
spread far into the Idrija environs. Mercury is therefore present in
soils at localities far from the outcrops of ore-rich rocks. Some other
small but extremely contaminated areas were identified in the woods
of the Idrija environs, where ore roasting was performed in the 16th
and 17th century. In the Idrija urban area there are mutual mercury
impacts on the environment from the atmosphere and the soil parent
material. Mercury-rich parent material in the city of Idrija is the bed-
rock of Pront-area, where ore-bearing rocks containing native mer-
cury and cinnabar crop out. Additionally, mercury is present in soils
developed on ore and roasting wastes dumped along the banks of the
Idrijca River in the city area. In the lower Idrijca Valley the floodplain
soils are contaminated with Hg because most roasted ore residues
were dumped into the Idrijca riverbed and washed away because of
the torrential nature of the Idrijca River and some of this mercury en-
riched material was deposited on the floodplains.

Izvlecek: Predstavljene raziskave potrjujejo, da so tla v SirSi okolici Idri-

je moc¢no obremenjena z zivim srebrom. Najpomembnejsi vir Zivega
srebra so bile med predelovanjem rude atmosferske emisije. Pri Zga-
nju rude je nastajalo veliko prasnih delcev in plinov, ki so obremenje-
vali $irSo okolico prazarne rude in povzrocili nastanek izjemno velike
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Zivo srebro v tleh na SirSem vplivnem obmoc¢ju rudnika v Idriji,
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avreole zivega srebra. Ugotovljena so bila tudi $tevilna majhna, toda
izjemno onesnazena mesta v gozdovih v okolici Idrije, kjer so v 16.
in 17. stoletju Zgali rudo v loncenih Zgalnih posodah. Ugotavljamo,
da so bila zZgalniska obmoc¢ja pomemben vir onesnazenja okoliskih
ekosistemov z zivim srebrom. V urbanem okolju Idrije so delovali na
okolje vzajemni vplivi zratnega nanosa in talne podlage. Vir zivega
srebra na obmocju Pronta, kjer izdanjajo kamnine, ki vsebujejo sa-
morodno zivo srebro in cinabarit, je kamninska podlaga. Nadalje so
v mestnem jedru tla razvita na deponijah prezgane rude vzdolz bre-
zin reke Idrijce. Ker so med najvecjo proizvodnjo vecino zgalniskih
ostankov vsipavali v strugo Idrijce in je bil ta material zaradi hudo-
urniSke narave reke prenesen v nizje predele, pa so vsebnosti zivega
srebra povisane tudi na poplavnih ravnicah v spodnjem toku Idrijce.

Kljuc¢ne besede: soil, mercury, mining, Idrija, pollution
Key words: tla, zivo srebro, rudarstvo, Idrija, onesnazenje

INTRODUCTION

Contamination of the Earth’s ecosys-
tems by potentially toxic metals is a
global problem. It will probably grow
with our planet’s increasing population
and their requirements for natural re-
sources (SIEGEL, 2002). There are sev-
eral sources of metals in the environ-
ment, both natural and manmade. The
natural sources of metals in environ-
ment lie with the rocks and processes
by which they formed and which af-
fected them after lithification. High
values of metals are found, for exam-
ple, in mineralized areas and in areas
where the dominant bedrock is rich in
metals as, for example, in black shale.
The presence of elevated levels of or-
ganic matter in an anoxic environment
at the time of sediment deposition was

responsible for concentrating anoma-
lous amounts of metals. Volcanic
emissions and forest fires are natural
springs of some metals in the atmos-
phere (gases, aerosols, particulates)
and after they precipitate they become
part of the near-surface ecosystems.
There are many anthropogenic sources
in the environment: coal combustion
residues, mining, metal-smelting in-
dustries, car emissions, military actions
(Pirc & Bubpkovic, 1996; GREICIUTE et
al., 2007; Ipzeuis et al., 2006) and pri-
mary input sources in agro-ecosystems
(fertilizers, liming materials, sewage
sludges, pesticides, irrigation water)
(ApriaNoO, 1986).

The mining and metal industry can be
an important source of trace elements

in the environment from (a) the mining
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and milling operations with problems
of grinding, concentrating and trans-
porting ores, and disposal of tails along
with mine and mill waste water and (b)
the smelter-refinery process with prob-
lems of concentrate, haulage, storage,
sintering, atmospheric discharges and
blowing dust (Abriano, 1986; Dubka &
ADRIANO, 1997; JorDAN, 2009). The pro-
portion of trace elements releases into
environment depends on ores being pro-
cessed. Mining itself affects relatively
small areas. It is the tailings and waste
rock deposits close to the mining area
that are the source of the metals (HoskiNn
et al., 2000). The impacts of atmospher-
ic discharges (gaseous and particulate
matter emissions) from smelters can be
detected within several kilometres from
the point of release. Depending on the
efficiency of the recycling of metals,
metals initially released by mining ac-
tivities, end up after a number of years
in the various compartments of the sur-
face layer of the Earth (KESLER, 1994).

In many areas worldwide present and
historical mining and smelting activi-
ties are causing a variety of environ-
mental problems such as elevated met-
al concentrations in soils/sediments,
dispersion of toxic metals in soil and
water and ecological damage caused
by extensive metal pollution. Because
ore is only a small fraction of the total
volume of mined material, ore extrac-
tion, beneficiation processes and fur-
ther processing of ores produce large
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amounts of waste which can contain
metals or chemicals from manufac-
turing processes (SIEGEL, 2002). The
environmental concern in mining ar-
eas is primarily related to mechanical
damage of the landscape and acid mine
drainage (AMD). The trace element
uptake from contaminated soils and
direct deposition of contaminants from
the atmosphere onto plant surfaces can
lead to plant contamination by trace el-
ements. These results in plant toxicity
and a potential transfer of contaminat-
ing elements along the food chain exist
(Dupka & Abpraiano, 1997).

In context of long and intensive his-
tory of metal mining in Slovenia, it is
clear that many older mining opera-
tions started at a time when there was
little concern for the surrounding envi-
ronment. The impact of long history of
mining and metallurgy was intensively
investigated in the last decade. It was
established that, in Slovenia, mining
and ore processing represent one of the
major modes for anthropogenic input
of metals into the environment. One of
the most important districts influenced
by metal mining and ore processing in
Slovenia is the area around Idrija mer-
cury mine, where half a millennium of
mercury production is reflected in in-
creased mercury contents in all of its
environmental segments.

Mercury with its unique physicochem-
ical properties is highly toxic and more
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Gulf of Trieste
(Adriatic Sea)

40 60 km

Figure 1. Map of study area

dangerous for living organisms than
most other trace elements. It is regard-
ed as a global pollutant. The outbreak
of' mass poisoning with this metal in the
second half of 20th century (Minamata

and Niagata in Japan, Iraq) warned the
world about the danger of intoxication
and mercury came into the focus of en-
vironmental investigations all around
the world. Interest also arose at Idrija
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area, and pioneer’s investigations on
influence of mercury production on
the environment were conducted (By-
RNE & Kosta, 1970; KosTa et al., 1974;
DerMELJ, 1974; Kavcie, 1974). After
that investigations at Idrija area ceased
for about 20 years.

In the last two decades numerous ex-
tensive and detailed investigations on
mercury emissions, distribution, depo-
sition, speciation and pollution in gen-
eral were performed in Idrija region
determining an unprecedented legacy
of mercury contamination (GNAMUS,
1992, 2002; Hess, 1993; PALINKAS et
al., 1995; Gosar, 1997; Gosar et al.,
1997a, 1997b, 2006; BIESTER et al.,
1999, 2000; Horvar et al., 1999, 2003;
Dizparevic¢, 2001; GNamus et al., 2000;
Gosar & Sai, 2001, 2003; Gosar &
Z1BRET, 2011; KocMman et al., 2004,
2011a, 2011b; Gosar & Car, 2006;
HiNes et al., 2006; ZBRET & GOSAR,
2006; Gosar, 2008; KocmaN & Hor-
VAT, 2010; TERSIC et al., 2011a; TERSIC
et al., 2011b; Gosar & Zisret, 2011;
Gosar & TErSI¢, 2012). Idrija and its
surroundings are heavily polluted with
Hg due to naturally increased mercury
contents in mineralized rocks, mining
and ore processing. During the opera-
tion period of the mine 107 692 t of
mercury were produced. Taking into
account the losses during mining and
inefficient roasting process, the total
amount of mercury mined is estimat-
ed to be at least 144 725 t (MLAKAR,
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1974; MikLavcice, 1999; CigaLg, 2006).
It has been estimated that 37 033 t of
mercury were emitted into the environ-
ment during the operation period of the

mine that ceased production in 1995
(CI1GALE, 20006).

In this paper environmental geochem-
istry studies of soils in the area of Idrija
(Figure 1) which were performed at the
Geological survey of Slovenia together
with collaborating partners in the last
20 years are presented. This paper is
dedicated to our honoured professor dr.
Simon Pirc, who taught us geochemis-
try and to professor dr. Joze Car who
gave us basic knowledge and the idea
of studying old roasting sites in Idrija
area.

MATERIALS AND METHODS

The soil samples were air-dried, af-
terwards gently crushed in a ceramic
mortar and passed through a sieve
with 2 mm openings. The soil frac-
tion smaller than 2 mm was pulverised
before chemical analyses. The pow-
dered soil samples were submitted for
chemical analysis to ACME Analytical
Laboratories in Vancouver (Canada)
accredited under ISO 9001:2000. Af-
ter aqua-regia digestion (1 hour, 95
°C) mercury was analysed eighter with
Cold Vapor Atomic Absorption Spec-
trometry (CVAAS) (up to year 2008)
or with inductively coupled plasma
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mass spectrometry (ICP-MS). Samples
with more than 50 mg/kg Hg were ana-
lyzed with ICP emission spectrometry
(ICP-ES).

The accuracy and analytical precision
of the analytical methods were veri-
fied against standard reference ma-
terials (standards GXR-2 (Park City,
Summit Co., Utah), GXR-5 (Somer-
set Co., Maine), GXR-6 (Davidson
Co., North Carolina) and SJS-1 (San
Joaquin Soil)) and duplicate samples
in each analytical set. The shipment
of samples, duplicates and geologi-
cal standards to the laboratory was
carried out in a random succession
to distribute evenly any errors due to
laboratory performance. This proce-
dure ensured an unbiased treatment
of samples and a random distribution
of possible drift of analytical condi-
tions for all samples. Objectivity was
assured through the use of neutral
laboratory numbers.

Geochemical mapping

Geochemical soil mapping was per-
formed during summer months of the
years 2000 and 2001. In the most pol-
luted areas, such as Idrija and Spodnja
Idrija, an average of samples 4/km?
were taken, whereas in more distant ar-
eas sampling density was approximate-
ly 1/km?. There were 100 soil samples
collected (0—15 cm) in an area of 160
km? (Gosar & Sam, 2001, 2003; Go-
SAR et al., 2006). The results revealed

the highest median (47 mg/kg) in Area
1, which includes the towns of Idrija
and Spodnja Idrija, and the Idrijca
River valley between them. Median in
the intermediate Area 2 was 3.2 mg/kg
and in the most distant Area 3 1 mg/
kg (Gosar et al., 2006). It was estab-
lished that on 19 km? Hg contents in
soil exceed the The New Dutchlist ac-
tion value for Hg (10 mg/kg; MHSPE,
1994) which is also the critical values
according to Slovenian legislation
(Uradni list RS — Official Gazette RS,
1996). Spatial distributions of mercury
contents in soil depended very much
upon the morphology of terrain (Go-
sAR & SaiN, 2001, 2003; GosAr et al.,
2006). We can come to the conclusion
that the pollution is primarily related to
the River Idrijca Valley, while the ef-
fect on the farther surroundings is less
significant, but still important. It is of
most interest to compare the Hg con-
tents in samples taken higher or low-
er than the main exhaust stack of the
roasting factory. The average of Hg in
soil, which lies in lower altitudes than
the main exhaust stack is 42 mg/kg. In
higher altitudes the average is 2.8 mg/
kg. High values occur in the Idrijca
River valley and at the base of slopes,
while lower values prevail at higher el-
evations and at margins of the investi-
gated area (Gosar et al., 2006). Strong
relationship between the Hg contents
in soil and between height above sea
level and the distance from the smoke-
stack of the roasting plant, which was
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the main anthropogenic source of mer-
cury, was determined. Also Hg con-
tents in soils along the Idrijca River
depend mostly on the distance from
the source of pollution, shape of the
valley and local winds blowing along
the valley. The highest concentrations
were found near the source of pollu-
tion, i.e. the smokestack of the roasting
plant and they decrease exponentially
down the valley. Exceptions are allu-
vial soils which will be presented in
paragraph “Contaminated floodplain
soil”. With geochemical mapping re-
sults we proved that the influence of
atmospheric emissions caused by the
Idrija roasting plant resulted in impacts
on the environment on a regional scale
(Gosar et al., 20006).

The results of Hg thermo-desorption
measurements showed the presence
of the cinnabar- and non-cinnabar-
bound Hg. Metallic mercury was not
detected (Gosar et al., 2002; GosAR
et al., 2006). In the total researched
area the weighted average of total
cinnabar-bound Hg in soils was 18 %.
The highest median (49 %) was iden-
tified in Area 1. The portions of non-
cinnabar compounds increased with
the distance from the mercury source.
It has been assumed that there were
two different transport mechanisms
of dust particles and gaseous Hg” dur-
ing the mercury production period.
Coarse-grained particles with mostly
cinnabar-bound Hg settled in the im-
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mediate vicinity of the smokestack of
the roasting plant, whereas the fine
grained fraction could be dispersed
further ahead. As a consequence, fine
grained material with Hg** and Hg’
prevails in remote localities and is
bound to soils with matrix and organic
matter (Gosar et al., 2006).

Contaminated floodplain soil

Besides soil pollution by atmospheri-
cally derived mercury, considerable
areas with polluted floodplain soils
were identified in the areas of the Id-
rijca and Soca River Valleys. During
mining history of the area, consider-
able amounts of mercury-bearing ore
residues and roasting residues were
spilled into the River Idrijca. This
mercury-rich material was washed
away because of the torrential nature
of the Idrijca River and some of this
material was deposited on the flood-
plains in the lower part of the Idrijca
and Soca River valleys, thus building
a large accumulation of mercury-en-
riched floodplain soils (Gosar et al.,
1997b; Gosar, 2008; ZIBRET & GOSAR,
2006: Gosar & ZIBRET, 2011).

Studies of mercury speciation in sedi-
ments and soils from floodplains (BI-
ESTER et al., 2000) indicated the occur-
rence of cinnabar and matrix-bound Hg
compounds. Accumulation of cinna-
bar predominately occurred in coarse
grained river sediments. In contrast,
non-cinnabar Hg was found enriched
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in areas where fine grained material
was deposited reaching up to 40 % of
Hg  (1-60 mg/kg) in floodplain soils
(BIEsTER et al., 2000).

In continuation the influence of geo-
morphological factors on the Hg con-
tamination of the Idrijca River alluvial
sediments was studied (ZBRET & Go-
SAR, 2006; GosaR & ZIBRET, 2011). Ac-
cording to our expectations, floodplains
were found to be the most contaminated
unit (mean Hg content 335 mg/kg). On
the first terrace the identified mean Hg
concentration was 155 mg/kg. The least
contaminated material was found in the
higher terraces (3.8 mg/kg), which most
probably reflect only atmospheric influ-
ences of the Idrija mercury mine area.
Mapping of the Idrijca River terraces
was performed in order to estimate the
volume of the identified geomorpho-
logical units. For the determination of
mercury concentrations, the alluvial
sediments on different levels were sam-
pled and the analysis of variance was
performed. The results showed that the
concentration of Hg varies the most be-
tween the floodplain and terraces inside
the same alluvial plain, but does not
change significantly in relation to the
distance from the source of pollution,
neither in relation to the position inside
one terrace or floodplain nor the depth.
It was estimated that about 2000 tons of
mercury have been stored in the Idrijca
River alluvial sediments (ZiBrReT & Go-
SAR, 20006).

Historical mercury-ore roasting
sites

In last couple of years interesting his-
torical small-scale mercury-processing
sites, which are non-uniformly distrib-
uted in the surroundings of Idrija, have
become the subject of our investigations.
In 2005 Car and TerPIN published inter-
esting paper about different ways of ore
roasting techniques in the first 150 years
(16th and first half of 17th century) of
mercury production in Idrija. They
found numerous localities of historical
ore roasting sites in the woods around
Idrija, where large quantities of broken
pottery in which Hg ore was roasted,
can be found. Up to now, 21 localities
of ancient roasting sites were estab-
lished on the neighbouring hills and in
more distant localities. They also found
very interesting and old literature (Gr-
UND, 1911) reporting mercury contami-
nation at the PSenk ancient ore roasting
area that was discovered during cutting
down old spruce-trees in the beginning
of the 20" century. GrRunp (1911) re-
ported that 0.6 m thick layer of roast-
ing vessels fragments was found, which
was investigated in detail. In three of the
reduced grouped samples, 0.7 %, 0.45
% and 2.09 % of mercury was found.
A fragment of a certain earthen vessel
contained 0.06 % of Hg, a small piece
of recipient 4.92 % of Hg, and soil from
one of the earthen vessels 0.52 % of Hg.
It was calculated that more than 1850 kg
was present at the PSenk locality (Gr-
UND, 1911).
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At the beginning of mercury produc-
tion in Idrija the technology of exca-
vation and ore processing were very
simple. The excavated ore was roasted
similar as charcoal in piles and later in
earthen vessels at various sites in the
woods around Idrija (VALENTINITSCH,
1981; Car & TErPIN, 2005; Kavere,
1993, 2008). The ore roasting in earth-
en vessels lasted without any funda-
mental changes from 1510 to 1652.
The major modification was done
merely in 1580, when distilled lime be-
gan to be added to the ore in order to
prevent the exhaled mercury to re-bind
to HgS. At this method a suit of two
earthen roasting vessels was used — the
bigger upper, in the shape of longish
gourd (earthen vessel), and smaller
lower vessel (receptacle). The ore was
transported to roasting sites which, due
to felling large quantities of trees, were
being set up at increasingly greater
distances from mine pits. In this pro-
cedure, 1.5 kg of rich ore mixed with
quicklime was placed in small clay
vessels; the vessels were stopped with
moss, placed neck downwards onto a
receptacle, and their contacts smudged
with clay. About 1000 vessels prepared
in this way were placed on a piece of
treaden ground encircled with stones,
covered with sand or ash up to a height
of 10 cm above the contact of lower
and upper vessels, stacked with wood
and ignited. As it grew hotter, the mer-
cury evaporated from the upper vessel
and accumulated in the lower, cooler
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vessel. After one day of burning and
several days of cooling, the vessels
were separated and the mercury was
collected from the bottom vessel. As
well as roasting in piles also roasting in
earthen vessels gave a very poor yield
and resulted in considerable losses. Be-
cause of the high temperatures usually
a third of earthen vessels cracked dur-
ing burning and mercury escaped from
the vessels (Kavcic, 2008).

Our preliminary investigation of mer-
cury contents in soils at old roasting
site locations (Gosar & Car, 2006)
revealed that mercury contents in soils
at these sites are very high, surpassing
all up to that time described localities
at Idrija and surroundings. It was esti-
mated that there are about 40 t of mer-
cury still present at ancient roasting
sites (Gosar & CARr, 2006). We start-
ed detailed investigations on mercury
contents in soils at 2 historical roast-
ing site locations (Gosar & CAR, 2006;
TERSIC & Gosar, 2009; TErSIC et al.,
2008; TerSIC, 2010, 2011; TERSIC et al.
2011a; TerSIC et al. 2011b). The main
aims were to find out the extension of
mercury pollution at old roasting sites
and their significance for mercury dis-
persion locally and also in the wider
Idrija area, to determine the contents
and vertical distribution of mercury
in soils and sediments and to estab-
lish the changes in mercury speciation
with depth in the soil profile. As sev-
eral anomalies were discovered during
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geochemical soil survey (Gosar et al.,
2006) where increased mercury con-
tents could not be the consequence of
main Hg sources such as atmospheric
emissions, mineralized rock dumps
and roasting residues or their use in
construction, we wanted to find out if
old roasting sites could be the reason
for these anomalies.

At FrbejZene trate roasting site the
organic matter-rich surface soil layer
(SOM) and underlying mineral soil
were sampled at 63 sampling loca-
tions on an approximately 300 m x
250 m area. The results indicate ex-
tremely high Hg concentrations with
a maximum of 37 000 mg/kg in SOM
and 19 900 mg/kg in mineral soil. The
established Hg median in soil was
370 mg/kg and in SOM 96.3 mg/kg.
Spatial distributions of Hg in SOM
and soil showed very high Hg con-
tents in the central investigated area
which decrease rapidly with the dis-
tance from this area. The New Dutch-
list action value for Hg in soil (10 mg/
kg; MHSPE, 1994) was exceeded in
soil (5-20 cm) on approximately 95
% of the investigated area. The high-
est Hg contents were determined at a
depth of 5-20 cm, and they decreased
with depth in the soil profile. Mercury
speciation was performed using Hg
thermo-desorption-AAS to distinguish
cinnabar from potentially bioavailable
forms. The results of Hg thermo-des-
orption measurements indicated the

presence of cinnabar (HgS) and Hg
bound to organic or mineral soil mat-
ter. A significant portion (3540 %) of
Hg in the investigated soil and SOM
samples was comprised of non-cinna-
bar compounds, which are potentially
bioavailable. It has been shown that
soils contain high amounts of poten-
tially transformable non-cinnabar Hg,
which is available for surface leach-
ing and runoff into the surrounding
environment. Therefore, contaminated
soils and roasted residues at the studied
area are important for the wider spatial
contamination of soils and other envi-
ronmental compartments (TErSIC et al.,
2011a).

The other investigated ancient roasting
site was the PSenk site, where similar
results were obtained. Detailed soil
sampling was performed on 210 m x
180 m area to establish the extension
of Hg pollution and to investigate Hg
transformations and transport char-
acteristics through the 400 year-long
period. A total of 156 soil (0-15 cm
and 15-30 cm) and SOM (soil or-
ganic matter) samples were collected
from 73 sampling points. Three soil
profiles were sampled to determine
vertical distribution of Hg. The main
Hg phases were determined by the
Hg-thermo-desorption technique. The
measured Hg contents in soil samples
in the study area vary from 5.5 mg/kg
to almost 9 000 mg/kg with a median
of 200 mg/kg. In SOM, Hg contents
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are ranging from 1.4 mg/kg to 4 200
mg/kg with a median of 20 mg/kg. The
New Dutchlist action value for Hg (10
mg/kg; MHSPE, 1994) is exceeded on
approximately 82 % of the investigated
area. Extremely high Hg contents were
found in soil profiles where the metal
reaches 37 020 mg/kg. In general, Hg
concentrations in all three profiles show
a gradual decrease with depth with the
minimum values between 140 mg/kg
and 1 080 mg/kg. The Hg-thermo-de-
sorption curves indicate the presence
of Hg in the form of cinnabar and that
of Hg bound to organic or mineral soil
matter. The distribution of Hg species
in soil and SOM samples shows almost
equal distribution of cinnabar and non-
cinnabar Hg compounds. The non-cin-
nabar fraction shows a little increase
with depth, however, cinnabar repre-
sents a high portion of total Hg (about
40 %). Large amounts of potentially
mobile and transformable non-cinna-
bar Hg compounds exist at the roasting
site, which are potentially bioavailable
(TersSIC et al., 2011b).

At roasting site PSenk we also studied
the applicability of earthworm casts
as a sampling media for determining
soil contamination (TERSIC & GOSAR,
2012). Earthworm casts were sampled
at the same locations as soil and SOM
samples. In general the Hg values de-
termined in casts are slightly higher
compared to the values in SOM and
somewhat lower compared to the Hg
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contents in soil. Strong correlation
between Hg contents in casts and soil
was found. Spatial distribution of Hg
in earthworm casts is similar to the
Hg distribution in soil with somewhat
smaller anomaly. For most of the ana-
lyzed elements, the determined con-
tents were in the order of soil > cast >
SOM, indicating that the material from
casts is a mixture of material from soil
and SOM. Only Ca, Mg, P, Sr, Cu and
Zn contents were higher in earthworm
casts compared to soil. Beside Hg,
strong correlations between concentra-
tions in casts and soil were found also
for U, Cr, Ni and Mo. Earthworm casts
proved to be an appropriate sampling
media for determining soil contamina-
tion at this particular area (TERSIC &
Gosar, 2012).

Regarding the investigation of Hg dis-
tribution in soils of the wider Idrija area
(Gosar et al., 2006), the determined Hg
values of the studied roasting site areas
are much higher. Compared to the es-
tablished Hg median (3.2 mg/kg) and
maximum (75 mg/kg) values for soils
in the surroundings of Idrija town (Go-
sar et al., 2006), the Hg median in soils
of the studied areas are about 100-fold
higher and the maximum value was al-
most 300-fold higher (Tersic, 2010).
However, it should be taken into ac-
count that the roasting sites are of a
small size and that Hg contents in soils
and SOM decrease rapidly with the
distance from the source of pollution.
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Microanalysis of contaminated soils
and roasting vessels fragments using
scanning electron microscope coupled
with energy dispersive spectrometer
(SEM/EDS) has been applied to bet-
ter characterize the Hg-bearing spe-
cies in investigated materials (TERSIC,
2011). Mercuric sulphide (HgS) was
found to be the main mercury com-
pound present in the samples. Analysis
of earthen vessels fragments showed
abundant HgS coatings on the sur-
face of ceramics, forming either crust-
like aggregates on matrix or isolated
grains. Some well-shaped grains with
indicated structure and the size of up to
200 um could also be observed. In soil
HgS was present as powder-like con-
centrations scattered in soil samples,
frequently coating silicate and quartz
crystals and clay-minerals. Polycristal-
line, mercury- and sulphur- rich par-
ticles comprising silica, clay minerals
and Al-, Fe- and Mg-oxides that were
also observed in the samples were in-
terpreted as soil aggregates infiltrated
by mercuric and sulphur vapours and
by liquid mercury spilled during roast-
ing. These particles suggest a possible
presence of mercury-sulphur associa-
tions other than HgS (TEerS1¢, 2011).

Detailed geochemical surveys carried
out at these two ancient roasting sites
proved that the unique way of histori-
cal ore processing in the surroundings
of Idrija resulted in extremely polluted
sites which influence today’s extension

and spatial distribution of mercury in
the Idrija area. Several Hg anomalies
in sediments which were discovered
in upper Idrijca River Valley (GosAR,
2008; GoSAR & ZIBRET, 2011) and in the
soils on the hills around Idrija (HEss,
1993; Gosar & Sa, 2001; Gosar et
al., 2006), where increased mercury
contents could not be the consequence
of main anthropogenic Hg sources, are
now interpreted as a consequence of
ancient ore roasting sites impacts.

COMPARISON OF MERCURY CONTENTS
IN SOILS OF THE IDRIJA AREA TO OTHER
MERCURY MINING SITES

The Idrija mine was the second larg-
est mercury mine in the world being
surpassed only by the Almadén mine
in central Spain that has produced one-
third of the total world production of
mercury. As it was presented in this
paper, five hundred years of intensive
mercury mining activities in Idrija left
a legacy of highly polluted environ-
ment. Idrija area can be compared to
the Almadén area which is regarded
as the largest geochemical anomaly of
mercury on Earth. The district includes
a series of mercury mineral deposits,
having in common a simple mineral-
ogy (dominant cinnabar, minor pyrite).
The ore deposits have been mined for
more than 2000 years, and the main
mine of the district (Almadén), has
been active from Roman times to pre-
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Table 1. Hg concentrations in soils from mining contaminated areas worldwide

Location Hg Reference
(mg/kg)
Idrija: historical mercury-ore roasting sites 3.4-19900 | Tersic, 2010, Tersic et al., 2011a; 2011b
Idrija: soil survey 160 km? 0.3-973 Gosar et al., 2006
Idrija: alluvial soils in the Idrijca Valley 0.595— 1970 | Gosar & Zibret, 2011
Almadén district 6-8 889 Higueras et al., 2006
Mieres mining sites (N Spain) 1.7-2224 | Loredo et al., 1999
Mieres mining sites (N Spain) 54-29 304 | Fernandéz-Martinez et al., 2006
Azogue Valley mining sites (SE Spain) 6-1400 Viladevall et al., 1999
Andacollo Cu-Au-Hg mining district (Chile) 2.5-47 Higueras et al., 2004
Punitaqui Cu-Au-Hg mining district (Chile) 3.2-16 Higueras et al., 2004
Tongren district, Guizhou Province (China) 0.1847 Li et al., 2008

sent day with almost no interruptions.
The mercury distribution in soils of the
Almadén district revealed the existence
of high, and extremely high mercury
values (6-8 889 mg/kg) (HIGUERAS et
al., 2003, 2006; Table 1). The soil con-
tents in both districts are in the same
range, but the contaminated area in the
case of Idrija is much smaller. In both
areas extremely contaminated areas of
historical ore roasting are due to low
recovery rate.

Highly elevated mercury contents were
reported also from Mieres (northern
Spain) by Lorepo et al. (1999), who
determined in soil samples near spoil
heaps Hg values of up to 2 224 mg/
kg. In continuation, extremely high Hg
content (29 304 mg/kg) was reported
from La Pena-El Terronal site (Mieres,
N Spain) (FERNANDEZ-MARTINEZ et al.,
2006). ViLaDEVAL et al. (1999) report
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the contents of 6-1 400 mg/kg Hg in
soils and overburden from a mineral-

ized area in Azogue Valley (SE Spain)
(Table 2).

CONCLUSIONS

Idrija certainly represents one of the
areas where natural elevated mercury
concentrations are technologically en-
hanced due to the 500 years long Hg
mining, and therefore requires spe-
cial attention. Presented studies have
shown that Hg mining in Idrija caused
intense pollution of local and regional
soils. Although numerous studies have
already been performed at Idrija mer-
cury mining area, which have shown
on complexity of mercury contamina-
tion problem, they also open new sci-
entific questions and challenges for
future work.
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Abstract: The main purpose of this paper is to present geochemical investi-

gations in former Yugoslavia. Intensively, in the last decade Geologi-
cal Survey of Slovenia (GeoZS) spread the geochemical researches
to Bosnia and Herzegovina, Macedonia, Croatia, Kosovo and Serbia
through many bilateral projects. The main mines, smelters and iron-
works were the main target of investigation. According to fact that
Slovenia is very rich with mines, and consequently with numerous
ironworks and smelters, the GeoZS has a long tradition in this kind of
researches. Successful cooperation between GeoZS and institutions
from other countries resulted by numerous publications, especially
with Macedonia. Some of our results are already published, but still
some remains unpublished. For determination of contamination, vari-
ous sampling materials such as soil, alluvial sediments, river sedi-
ments, attic dust, lichen and moss were collected. In data processing
various techniques of statistical approach have been used, but for their
visualization also for the preparation of predictive maps of contami-
nation we used universal kriging method, double kriging method and
artificial neural network (ANN).

Izvlecek: Glavni namen prispevka je predstaviti geokemi¢ne raziskave v

nekdanji Jugoslaviji. V zadnjem desetletju Geoloski zavod Sloveni-
je (GeoZS) uspesno sodeluje pri Stevilnih geokemicnih raziskavah v
Bosni in Hercegovini, Makedoniji, na HrvaSkem, Kosovu in v Srbiji
na osnovi Stevilnih bilateralnih in evropskih projektov. Glavno cilj
raziskav je bilo stanje okolja v okolici vecjih rudnikov, topilnic kovin
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in Zelezarn. Glede na dejstvo, da je v Sloveniji delovalo vecje Stevi-
lo rudnikov ter posledicno stevilne Zelezarne in topilnice kovin, ima
GeoZS dolgo tradicijo tovrstnih raziskav. Uspesno sodelovanje med
GeoZS in ustanovami iz drugih drzav je rezultiralo s Stevilnimi obja-
vami, kar posebej velja za sodelovanje z Makedonijo. Za dolocitev
obremenjenosti okolja so bili zbrani razli¢ni vzor¢ni materiali, kot so
tla, aluvialni in re¢ni sedimenti, podstresni prah, liSaji in mahovi. V
postopku obdelave podatkov so bile uporabljene napredne multivari-
antne statisti¢cne metode, za napoved razsirjanja onesnazenja in vizu-
alizacijo pa metode univerzalnega in segmentnega krigiranja, kakor

tudi metode umetne inteligence (ANN — vecslojni perceptron).

Key words: atmospheric contamination; river transport; heavy metals, for-

mer Yugoslavia

Kljuc¢ne besede: tezke kovine, onesnazenje, nekdanja Jugoslavija

INTRODUCTION

This study represents a summary of
environmental geochemical researches
in the countries formed by breakup of
Yugoslavia. Our researches are mainly
focused on mining and metallurgical
processes which are obviously the big-
gest destructors of environment: B&H
(Ironworks Zenica; Ironworks Vares
and Fe mines - Smreka, Droskovac,
Brezik, Pb-Zn-Ba mine Veovaca); Cro-
atia (the Drava valley; Experimental
geochemical map of Slovenia and Cro-
atia); Kosovo (Pb- Zn mine Trepca and
Pb smelter Zve¢an—Kosovska Mitrovi-
ca); Macedonia (Cu mine Bucim, Pb-
Zn mines SASA and Toranica, As-Sb-
Tl mine Alsar), Pb smelter Veles; FeNi
— Kavadarci; thermoelectric power
plants (Ki¢evo and Bitola), alluvial
deposits of the Vardar river, Skopje);

Srbija (Mine and flotation Bor). Af-
ter mineral extraction a big amount of
waste has been exposed to oxidation
conditions on the surface which lead to
mobilisation of toxic material and for-
mation of acidic water. Consequences
of smelting and metallurgic processes
are gaseous and atmospheric particles
emission, waste water and waste min-
eral deposits.

The results help us to determine local
and regional geochemical conditions,
allowing us to understand a main pro-
cesses and causes of the environmental
changes and finally their contribution
to the sustainable spatial planning. Ob-
taining and interpreting utilization data
about chemical composition can be
used in environmental protection and
sustainable development of particu-
lar country, as well as for determina-
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tion of pollution impacts to the human
health, agriculture, forestry and future
land use. Comprehensive approaches
in investigation, understanding envi-
ronmental issues, natural background
and human impact on the environment
is very important for development in
earth and environmental sciences.

Basically, the major goals are strength-
ening an international scientific co-
operation network and partnership
between GeoZS and other former Yu-
goslav countries, improvement of ma-
terial research standards, exploiting the
research and technological demonstra-
tion results as well promoting the Ge-
0ZS to regional centres of excellence.

The results of numerous geochemical
studies of natural distribution and pro-
portion of anthropogenic heavy metals
in the environment, especially in ar-
eas of former mining and smelting in
Slovenia and the region can be used as
guiding principles for the future envi-
ronmental remedial actions.

Specifically, the results from the entire
study will complement our knowledge
about a complexity of chemical com-
pounds in the environment. Special
emphasis is given to the further devel-
opment of advanced data processing
techniques and methods of linear and
nonlinear mathematical models, based
on the application of modern math-
ematical analysis such as PCA (Prin-

RMZ-M&G 2012, 59

cipal Component Analysis), and ANN
(Artificial Neural Network) at the dis-
tribution and transport of heavy metals
in the environment.

DRrRAVA VALLEY (SLOVENIA AND CROA-
TIA)

The Drava watershed, including its
tributaries, has been an important min-
ing and smelting region since antiqui-
ty. The industry underwent significant
development during the middle Ages,
and achieved its peak in the middle of
the last century. Numerous mines and
smelters such as Bleiberg-Kreuth in
Austria, Cave del Predil in Italy and
Mezica in Slovenia have had a sig-
nificant impact on the chemical com-
position of the alluvial sediments of
the Drava. It is widely known that the
broader Drava valley is rich with heavy
metals (Pb, Zn, Cu, As, Cd).

The study area covers the course of
the Drava from the Slovenian-Austrian
border which can be divided into two
regions: Alpine and Pannonian. The
Alpine region occupies the Drava can-
yon from the Slovenian-Austrian bor-
der up to the town of Maribor (about
78 km) where the Alpine landscape is
dominant. The Pannonian region oc-
cupies an area from the town of Mari-
bor downstrem to the confluence of the
Mura and Drava rivers, where the river
valley is wide and exhibits the mor-
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Figure 1. Spatial distribution of zinc in the Drava valley - Pannonian area

(Croatia and Slovenia)

phological characteristics of the Pan-
nonian basin. The Pannonian section
of the study area covers about 123 km
of the river flow. Throughout the study
area, extensive deposits of alluvial sed-
iments are found: in currently flooded
zones (at present mainly behind the
bank systems) covering about 55 km?
in historically or periodically flooded
areas (in recent times protected by the
bulks, where agriculture production is
intensive) covering about 100 km?; and
sediments of alluvial terraces compris-
ing an area of 930 km? (PEH et al., 2008;
SaN et al., 2011).

Across the Alpine region, the 16 sam-
pling locations are defined at places
along the river course where alluvial
plains and river terraces occur. Simul-
taneously, samples of stream sediment

were collected at 8 points in the river.
In the Pannonian part of the study area,
where extensive alluvial plane and river
terraces occur, 118 sampling locations
at 25 profile lines were placed perpen-
dicular to the river course. Analysis of
41 chemical elements was performed.

Based on a comparison of statistical
parameters, spatial distribution of par-
ticular elements and the results of factor
analysis, three natural and one anthro-
pogenic geochemical associations were
identified. The natural geochemical as-
sociations  (Al-Fe-K-Co-Cr-Cu-Li-Ni-
Rb-Sc-Th, Ti-Ce-La-Nb-Ta and Ca-Mg-
Sr) were influenced mainly by lithology.
The anthropogenic association (As-Ba-
Cd-Mo-Pb-Sb-Zn) is mostly the result
of historical zinc and lead mining and
smelting in the Drava river watershed.
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The entire assessed area of about 133
km? is, according to Slovenian and
Croatian legislation, critically polluted
with heavy metals, especially zinc.
Based research of all forms of envi-
ronmental pollution, including mines,
smelters and ironworks in Slovenia at
the present time, we have found that 88
km? of the total surface of the country
is critically polluted with heavy met-
als. This means that alluvial sediments
of the Drava River represent a wider
source of pollution in both Slovenia
and Croatia (Pen et al., 2008; SaN et
al., 2011).

EXPERIMENTAL ~ GEOCHEMICAL
(SLOVENIA AND CROATIA)

MAP

Geochemical research of soil, stream
and overbank sediments, as well as
rocks in Slovenia and Croatia has
been carried out continuously within
the last two decades. The experimen-
tal geochemical map of Croatia and
Slovenia is crated as a result of suc-
cessful international cooperation in
the field of environmental geochem-
istry. Regarding the fact that strategy
and methodology in producing our
national geochemical maps have hith-
erto much in common we decided to
produce the joint geochemical map
explaining the geochemical trends of
the wider area in a more comprehen-
sive way (SaiN at al., 2006; SaiN at al.,
2008)
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The high contents of Fe, Ni, Cr,
Sc, V, Mn, Al and Cu, have found
in the areas covered by Pg and Cre-
taceous flysch, and in the areas of
Neogene postorogenic sedimentary
formations as well as by metamor-
phic rocks of the Pohorje Mt. and its
environs. Nb, La, Th, As, Y and Zr
are characteristic for brown carbon-
ate soils, or terra rossa on carbonate
platforms, as well as for the areas of
eastern Slavonia. Ba, K and Na are
typical for areas covered by igneous
rocks. Ca, Sr, Mg and P are the most
poorly differentiated and are associ-
ated either with rendzinas and simi-
lar soil types in the mountainous
areas or, again, with the carbonate
contents in immature alluvial soils
in the Sava and Drava river valleys.
Pb, Zn, Hg and Cd represents a typi-
cal heavy metal association originat-
ed either as a consequence of natu-
ral erosion of ore-bearing rocks or,
again, of mining activity and smelt-
ing industry in the past. Their high-
est concentrations can be found in
Slovenia in the vicinity of mines and
metallurgic centers (Idrija, MeZica,
Litija, Jesenice and Celje). Mining
activity left its traces as well, which
is reflected in the higher concentra-
tions of heavy metals in recent sedi-
ments of the Sava and Drava rivers.
Increased values in the areas of Gor-
ski kotar, Velebit and Dalmatia de-
rive their origin mostly from atmos-
pheric deposition (Figure 2).
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Figure 2. Spatial distribution of Cd, Hg, Pb and Zn in topsoil (Croatia and
Slovenia)

ZEN1CA (BosNIA AND HERZEGOVINA)

Zenica, 170 000 inhabitants, is located
in the valley of river Bosna, about 70
km north from Sarajevo. Construction
of the iron and steel works started in

1892, during Austro-Hungarian period,
and until the end of 50’s, becomes the
biggest construction site in the former
Yugoslavia. Expansion of production
reached the record of 1.72 Mt of pig
iron and 1.91 million tons of crude
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Figure 3. Spatial distribution of cadmium in the topsoil and the subsoil
(Zenica, B&H)
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steel in 1986. At the beginning of 90’s
production was completely stopped but
production was continued with less ca-
pacity at the end of last century.

Area of 52 km? is covered with sam-
pling grid that includes: urban zone,
industrial zone and wider valley of the
River Bosna. The entire area is sepa-
rated into cells by the sampling grid
with a density of sample per square kil-
ometer but in the urban zone, sampling
density is increased. At 62 different
sites, 124 samples of topsoil (0—5 cm)
and subsoil (20-30 cm) were collected

Two geogenic and one anthropogenic
geochemical association are estab-
lished on the basis of: visually indicat-
ed similarity of geographic distribution
of elemental patterns in the topsoil and
bottom soil, comparisons of basic sta-
tistics, correlation coefficient matrices,
results of cluster and factor analyses
and comparisons of enrichment ra-
tios (ALUAGIC & SaN, 2006; ALUAGIC,
2008; ALUAGIC & SaN, 2010).

Two natural geochemical associations
(Al, Ca, Ce, K, La, Li, Nb, Rb, Sc, Ta,
Ti Th, V and Y) and (Co, Cr, Na, Ni
and Mg) are influenced mainly by li-
thology, but the third anthropogenic as-
sociation (Ag, Bi, Cd, Cu, Hg, Mo, Pb,
Sb and Zn) is result of historical activi-
ties of the ironworks Zenica, but also
coal mining and other anthropogenic
influences in the past.

High concentrations of Co, Cr and Ni
are result of weathering processes and
critical level of the mentioned elements
is found on c. 2 km? in topsoil and c.
3.3 km? in bottom soil. Natural criti-
cally polluted area is located on sur-
rounding hills, outside from the urban
zone and main share in total natural
pollution is principally with Ni and Cr.
Anthropogenic pollution that associate
high concentrations of As, Cd, Cu, Hg,
Pb and Zn, exceed critical level on c. 2
km? in both soil horizons. For the men-
tioned association is significant that
polluted area is situated in the Zenica
basin and area among the river. Criti-
cally polluted area is mainly situated
on the Miocene coal layers on the NW
side of the study area and refers to As
distribution.

STAVNJA VALLEY (BOSNIA AND HERZE-
GOVINA)

Vares is situated in the valley of the
river Stavnja with 20 000 inhabit-
ants. In this region, iron ore mined
and smelted from Antique period
but with arrival Austrians to Bosnia,
Vare$ admire revival in economy as-
pect. Construction of the ironworks
and metal foundry in Vares started in
1891, and until 1991. Three Fe ore de-
posits Smreka, Droskovac, and Brezik
are situated in municipality of Vares.
Open pit’s reserves and resources in
the mentioned three Fe ore deposits
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are approximately 169 million tones,
in 1991. Apart the Fe in hematite and
siderite there are present another oli-
goelements such as Cu, Pb, Zn, As, Sb
and Sn.

Lead, zinc and barite Veovaca open pit
is situated about 10 km of the town. Sul-
phide mineralization is associated with
layers of barite and have volcanogenic
— sedimentary genesis. Pb — Zn miner-
alization is associated with Droskovac
Fe deposits. From the abandoned open
pit and waste deposit “Veovaca” is sig-
nificant leeching of trace elements that
have great influence on environmental
pollution around the open pit and along
the river Stavnja.

The main goals of the study have
been: Identification of optimal meth-
odology for geochemical research in
the areas of former military operations
(with remain minefields and/or sus-
pected mined areas), according to the
sampling material, sampling density,
data processing and interpretation of
results; Determination of concentra-
tion levels and spatial distribution of
chemical elements in the secondary
materials (soil, river sediments and
attic dust) along the Stavnja valley;
Assessment of the natural background
according to lithology and the propor-
tion of influence of mining and met-
allurgy activities on distribution of
chemical elements in the secondary
materials (soil, river sediments and
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attic dust) along the Stavnja valley;
Identification of main geochemical
associations and their spatial distri-
bution using multivariate statistical
approach (PCA) and Artificial Neu-
ral Network (ANN); Design models
of heavy metal dispersion around the
major emitters, using multivariate sta-
tistical approach (PCA) and Artificial
Neural Network — ANN (Figure 4).

At 153 sampling locations, 265 sam-
ples of soil, stream sediment and at-
tic dust were collected. Analysis of
36 chemical elements was performed.
One anthropogenic and four geogenic
geochemical associations were estab-
lish on the basis of visually indicated
similarity of geographic distribution
of elemental patterns in the topsoil and
subsoil; comparisons of basic statis-
tics, correlation coefficient matrices;
results of cluster and factor analyses
and comparisons of enrichment ratios
(ALuaGIC & SaIN, unpublished data).

The geogenic geochemical associa-
tions (Cr, Ni, Co, Fe, V, Sc and Cu),
(Th, La, As, K, Sc and TI), (Al, Ga
and V) and (K and P) are influenced
mainly by lithology, but anthropogen-
ic geochemical association (Pb, Zn,
Ag, Sb, Hg, Cd, W, Bi, U, Mo, Mn,
Ba, Sr, Ca, Cu, TI, Fe and As) links
elements that are result of historical
activities of the ironworks Vares, min-
ing activities as well as other anthro-
pogenic influences of metallurgical
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Figure 4. A — Landuse map with the sampling grid (Vares, B&H); B - spa-
tial distribution of Ag, Ba, Bi, Cd, Cu, Hg, Mn, Mo, Pb, Sb, W, Zn and
Fe using standard kriging method; C — using segment (multiple) kriging;
D — using ANN (multilayer perceptron neural networks)

factors in the past. The main polluted
zones are found in the city Vare§ and
their surroundings, where are located
two Fe open pits and the Veovaca,
Pb-Zn-Ba mine and ironworks. An-
other zone with high concentration
of aforementioned heavy metals has
been found downstream of the river
Stavnja, in alluvial sediments suitable
for agricultural activities (ALuAGIC &
Sam, unpublished data).

INVESTIGATION IN MACEDONIA

Cooperation GeoZS with Macedonia is
basically the strongest one at the mo-
ment, which can be proved by many al-
ready published materials. We focused
our geochemical researches to most
polluted locations such as the mines
(Cu Buc¢im, Pb-Zn SASA and Toran-
ica, As-Sb-Tl AlSar), Pb-Zn smelter
Veles; FeNi — Kavadarci; thermoelec-
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tric power plants (Kicevo and Bitola),
alluvial deposits of the Vardar river,
Skopje. Here we want to present sev-
eral study cases (Veles, Kavadarci and
Bucim) but several other very interest-
ing studies are: identification of heavy
metals in honey samples (STANKOVSKA
et al., 2007; 2008), and moss samples
(Baranpovski et al., 2012) in R. Mace-
donia; determination of chemical com-
position of soil around the thermoelec-
tric plant Oslomej, in Kicevo (StariLov
etal., 2011).

Veles (Macedonia)

Veles (50 000 inhabitants) is the most
polluted city in Macedonia. In the cen-
tre of town lead and zinc smelter lo-
cated. The Macedonian Institute for
Health Protection reported in 2003,
when the factory still operated, that Ve-
les was absorbing 62 000 t of zinc, 47
300 t of lead and 120 000 t of sulphur
dioxide annually. Plans for the cleanup
include ridding the city of heavy met-
als and decontaminating soil in the 45
ha area around the smelter.

As, Cd, Cu, Hg, In, Pb, Sb and Zn are
chemical elements introduced into the
environment through anthropogenic
activities. Typical for this elemental
assemblage is the enrichment of the
elements in topsoil versus European
topsoil, from 2.2-times for the Sb to
27-times for the Cd. High concentra-
tions and as well the enrichments of
mentioned elements, especially Cd in
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topsoil is noticeable close to Zn smelt-
er in Veles and in urban zone. In area
of the main polluted area average con-
centration of Cd exceed European Cd
average more than 110-times!

The shape of the dispersion halo has
been strongly influenced by local
winds and the shape of the Veles ba-
sin. Cd average in topsoil for the all
study area amount 7.7 mg/kg in range
0.30-600 mg/kg. Considering land
use, the average of Cd in cultivable
area amount to 6.1 mg/kg, in uncul-
tivable area 4.8 mg/kg, in urban area
12 mg/kg and in main polluted area 32
mg/kg. The most of highest values is
in the industrial part of the region with
the maximal Cd content from 76 mg/kg
to 600 mg/kg, and in the part of the city
which is close to the smelter plant (104
mg/kg and 105 mg/kg). In this region
several topsoil samples with extremely
high content of cadmium are present
420 mg/kg (3500-times higher that Eu-
ropean topsoil average. According to
experimental results, the area critically
polluted with Cd is about 6.6 km?, with
Pb 4.2 km? and Zn 3.8 km?. Materials
for the study case are collected from
the following articles: StariLov et al.,
2008; Stafilov et al., 2010. Radionu-
clides in soil were studied in DiMovska
et al., 2010a. This work has awarded
with The State Prize of the Govern-
ment of Republic of Macedonia »Goce
Delcev« for the scientific achievement
in 2008.
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Figure 5. Spatial distribution of lead in topsoil (Veles, Macedonia)

Kavadarci (Macedonia)

Materials for the study case are col-
lected from the following articles:
StariLov et al., 2008b; 2009a; 2009b;
2010b. But also several other interest-
ing studies in this area are: BACEvA et
al., 2009; 2011; 2012a; 2012b concern
atmospheric pollution; DiMovska et
al., 2012b represent radioactivity in
soil; ZIBRET et al., 2012 applied artifi-
cial neural network in determination
of contamination; STAFILOV et al., 2012
provide an interesting study of As-Sb-
Tl in this region.

Town Kavadarci is located in Tikves
valley, about 100 km south from the
capital Skopje (Figure 1). The city is
well known and famous by its vine-
yards and it is main vine production
region in Macedonia. The urban area
is located on 200-300 m altitude, sur-
rounded with hills from east and south
sides of the valley (with height differ-
ence between 300 m and 770 m). The
climate in Kavadarci is of a continental
type of climate with a reduced Medi-
terranean climate and with hot summer
and cold winter. The major wind direc-
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Figure 6. A — Landuse map of Kavadarci area with the sampling grid (Ka-
vadarci, Macedonia) B — spatial distribution of As-Sb-TI using standard
kriging method; C — using segment (multiple) kriging; D — using ANN
(radial basis function neural networks)
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tion is from the north and northwest.
The complete investigated region (360
km?) was covered by 172 sampling lo-
cation. 344 soil samples of topsoil and
subsoil were collected.

The highest concentrations of Cr and
Ni are are located on the outcropping
Paleozoic serpentinites (inner parts of
the Vardar zone). High, sometimes crit-
ically content of Cr and Ni in the zone
of Eocene flysch is already proven in
numerous researches from Macedonia
and other Balkan countries. The fer-
ronickel smelter plant “FENI”, in spite
of the obvious environmental pollution
has not contributed significantly to the
measured amount of these elements,
which occur in high concentrations in
the background.

High concentrations of Cd, Hg, Pb and
Zn are also found on the SW and W,
hilly part of the study area as a con-
sequence of the high concentrations
of heavy metals in organic material of
topsoil or the long distance transporta-
tions. High concentrations of the men-
tioned heavy metals were also found as
a result of urban activities in the city
of Kavadarci, but they are very low.
The highest concentrations of As, Sb
and T1 are found on the Holocene allu-
vium of Crna Reka. Enrichment of the
Holocene alluvium of the Crna Reka is
consequence of natural erosion from
the mine deposits (As and Sb) of AlSar
on the Kozuf Mountain, but also from

mine activities in the past. High con-
centrations are determined in the river
sediments of Vardar River. This enrich-
ments with As, Sb and Tl in the Holo-
cene alluvium of the rivers Crna Reka
and Vardar should be studied in the fu-
ture because it is a rare example of en-
richment of alluvial sediments (Fig 6).
Principally, the natural enrichment is
related especially to Ni. Pollution with
As, Cd, Co, Cr, Cu, Hg, Mo, Pb and Zn
is basically insignificant.

Construction of geochemical maps us-
ing universal kriging methods is quite
useful in determination of distribution
patterns, but in such a maps are pre-
sent mistakes called Bull’s eye effect
because in the isotropic space appears
elongated division, that is possible
solve only with denser sampling grid.
Applying the multilayer perceptron
(MLP) avoiding this problem and we
constructed much better maps of con-
tamination, especially from the geo-
logical point of view (Figure 6.).

Bucim (Macedonia)

Materials for the study case are col-
lected from the following articles:
BaraBanova et al., 2009, 2010; 2011a;
2011b; 2012a; 2012b; StaFiLOV et al.,
2010b.

The Buéim copper mine is located in
the eastern part of the Republic of Mac-
edonia. The mine is in function from
1980 and processes 4 Mt of ore annu-
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Figure 7. Spatial distribution of cooper in lichen, moss and attic dust
(Buc¢im, Macedonia)

ally. The ore reserves are estimated to
total about 85 Mt. The deposit is a por-
phyry copper type deposit and miner-
alization is related to Tertiary sub-vol-
canic intrusions of andesite and latite
in a host of Pre-Cambrian gneisses and
amphibolites. The main ore body is ap-
proximately 500 m in diameter and 250
m in vertical and has been worked in
a large open pit, which actually allows
direct exposure of ore particles to the
atmosphere. The igneous rocks have
been altered into clays and micas. The
basic ore proceeding process includes:
drilling and blasting, than blasted ore is
transported towards primary crushing
while the tailings on the mine disposal.

Different sampling media: moss, epi-
phytic lichens and attic dust were used
for comparative analysis due to moni-
toring air pollution and distribution of
15 elements including certain heavy
metals. Thus, attic dust, moss and li-
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chen have the potential for collecting
complementary information on present
and historical air pollution trends.

For the geogenic geochemical associa-
tion Ni-Cr-Cd-Fe-Al-K-Mn-Zn is sig-
nificant a similar distribution pattern,
with minor variations, especially in
the biogenic samples. In all observed
materials, the higher concentrations
are observed in the area of predomi-
nant Pliocene sediments, with fact that
both patterns, in attic dust and moss
are much more similar. Significant de-
viation from that fact represents high
values in moss and lichen in the area
where occur Palaeozoic rocks, mainly
schist. Spatial distribution pattern of
anthropogenic association As, Cu and
Pb is very similar for all three sampled
materials. The association presents dis-
tribution of high contents of potentially
risk elements close to the anthropogen-
ic sources.
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All three treated materials are shown
to be useful in determining an anthro-
pogenic impact as well as the chemical
properties or geological background on
orographic diverse terrain in the pres-
ence of complex geological structure.
With fact that attic dust is the most sta-
ble and responsive to environmental
changes and lichen is the worst.

Based on the research results, the com-
binations of attic dust and moss give
the best results in the determination of
anthropogenic impact on the environ-
ment as well as the natural enrichment.
Attic dust shows very stable historical
reconstruction of contamination, moss
a current state, related to a period of
growth and to period of accumulation
of chemical elements.

Kosovska Mitrovica (Kosovo)
Materials for the study case are collect-
ed from the following articles: ALiu et
al., 2009 2010; StariLov et al., 2020a;
Sametal., 2012;

Mining and metallurgic activities
in Kosovo have a long history. The
Trepéa Mine Limited in K. Mitro-
vica was built in 1927 and produced
lead, arsenic and cadmium from the
1930s until 2000. The smelter close
to Zvecan commenced work in 1939.
Because of the smelter and three huge
tailing dams, environmental pollution
in K. Mitrovica increased dramatically.
The smelter has been working sporadi-

cally since the 1999 conflict between
Kosovo’s Albanian and Serb popula-
tion in Kosovo.

The total production of mine Trepca
from 1931 to 1998 has been estimat-
ed at 34 350 000 t run-of-mine ore at
grades of 6 % Pb and 4 % Zn. The ore
was beneficiated in the flotation plants.
The Pb concentrates were brought to
the lead smelter of Zvecan (capacity 80
000 t per year) and the Zn concentrates
were brought to the zinc smelter of K.
Mitrovica (capacity 50 000 t per year);
there was also a unit for the production
of fertilisers and batteries. The amount
of metal produced was 2 066 000 t Pb, 1
371 000 t Zn as well as Ag, Bi and Cd.

The investigated region (300 km?) was
covered by a sampling grid of 1.4 km
x 1.4 km. In total, 159 soil samples
from 149 locations were collected. In-
ductively coupled plasma-mass spec-
trometry (ICP-MS) was applied for the
determination of 36 elements. For data
evaluation, parametric and non-para-
metric statistics methods were used.

The obtained results show that the
content of Ag, Pb, Sb, Bi, Zn, Cd, As,
Cu, Hg, Au, Tl and Mo appeared as
an anthropogenic association, which
contents mainly depend on mining
and processing activities. In vicin-
ity of cities Zvecan and K. Mitrovica
their content is even higher than the
corresponding intervention values ac-

RMZ-M&G 2012, 59



Cooperation of GeoZS in geochemical investigation in former Yugoslavia 175

Pb (mg/kg)
[ I [

100 210 300 500 800 2000

Figure 8. Spatial distribution of lead in topsoil (K. Mitrovica, Kosovo)

cording to The New Duch List exceed extremely high elements such as Pb,
in 152 km? of the investigated area. Zn, Cd, Cu, Ag, and Hg. Their aver-
The pollution is involving several age contents are: Pb 450 mg/kg with a
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range of 34-35 000 mg/kg, Zn 30 mg/
kg in the range of 32-12000 mg/kg,
Cd 1.6 mg/kg with a range of 0.10—47
mg/kg, Cu 42 mg/kg in range 9.0-1600
mg/kg, Ag 30 mg/kg in range 0.05-58
mg/kg and Hg 0.20 mg/kg in range
0.02-11 mg/kg.

There is no doubt that the mining
and smelting activities left huge con-
sequences on environment in urban
zones of K. Mitrovica and Zvecan, the
Trep€a mines in Stari Trg, but also in
alluvial sediments of the Ibar River,
where intensive agriculture activities
are present.

INVESTIGATION IN SERBIA

Geochemical researches in Serbia be-
gun in 2011 and finish 2012, we fo-
cused our study on the alluvial sedi-
ments of river Ibar (environmental
impact of mine Trepca and Pb smelter
Zvecan), river sediments and river ter-
races of the river Timok, and the cop-
per mine Bor where we collected the
soil samples and attic dust (SaiN et al.,
2012, unpublished data).

Bor is a town located in eastern Ser-
bia, with one of the largest copper
mines in Europe. The population of
municipality has about 50 000. Basic
economic activities in Bor are copper
mining and metallurgy. The mine was
opened in 1903 and 1905 started the

copper-smelting work. The factory, in
which is now melting the copper con-
centrate was built from 1961 to 1968.
Every year, it emits 4.86 kg to 7.99 kg
of zinc, 6.27 kg to 25.11 kg of lead and
5.3 kg to 19.6 kg of arsenic per capita,
which depends on the emission volume
of production and content of these met-
als in raw materials.

Bor and surrounding is cover by 96
soil sampling sites (topsoil and bottom
soil), 10 sites of urban soil and 86 sites
of attic dust. First, preliminary results
show that the mining and metallurgi-
cal activities in Bor and its surround-
ings caused numerous environmental
problems, and left catastrophic conse-
quences for the entire environment.

The river Timok with its tributaries rep-
resents a drainage water system from
the copper mine Krivelj (Bor), and
heavy metal industry in Bor. Hazard-
ous waste is transported by this river
to the Danube, consequently polluted
by heavy metals. Sampling grid is con-
structed on the way that we cover the
main polluted part from town ZajeCar
till its confluence with Dunav, but also
a two main tributaries from the Krivelj
mine. Altogether, 15 samples of river
sediments and 15 soil samples from al-
luvial plains and 10 soil samples from
river terraces were collected.

After the high concentrations of heavy
metals especially Pb, Zn, Cd, Ag, Hg
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and Cu were discovered in Kosovska
Mitrovica and ZvecCan, we decided to
continue a sampling along the river till
its confluence with the river Zapadna
Morava. Total, 14 samples of river sedi-
ments, 14 alluvial sediments (top and
bottom soil), 14 river terraces (top and
bottom soil) and 4 soil samples on sec-
ond river terraces (top and bottom soil).

CONCLUSION

The major goals are strengthening an
international scientific cooperation
network and partnership between Ge-
0ZS and other former Yugoslav coun-
tries, improvement of material research
standards, exploiting the research and
technological demonstration results
as well promoting the GeoZS to re-
gional centres of excellence. The re-
sults of numerous geochemical studies
of natural distribution and proportion
of anthropogenic heavy metals in the
environment, especially in areas of for-
mer mining and smelting in Slovenia
and the region can be used as guiding
principles for the future environmental
remedial actions.

Specifically, the results from the entire
study will complement our knowledge
about a complexity of chemical com-
pounds in the environment. Special
emphasis is given to the further devel-
opment of advanced data processing
techniques and methods of linear and

RMZ-M&G 2012, 59

nonlinear mathematical models, based
on the application of modern math-
ematical analysis such as PCA (Prin-
cipal Component Analysis), and ANN
(Artificial Neural Network) at the dis-
tribution and transport of heavy metals
in the environment.

Soil is together with water and air, one
of the most important natural resource
of country. Apart of food production,
soil is a natural filter for hazardous and
noxious substances that can run out to
system of drinkable water and ground-
water respectively. Because of that soil
care, as natural treasure, represent very
important priority in environmental
protection. For better soil treatment, is
necessary to know all soil character-
istic, their concentration of chemicals
and concentration of potential toxic el-
ements as well.
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Abstract: The purpose of this paper is to describe sustainable min-

eral resources management and its application to aggregates
management. First the theoretical foundations of sustainable
resource management are introduced in the context of the char-
acteristics of aggregates that differentiate them from most other
mineral commodities. The environmental, economic and social
aspects are reviewed and well as the challenges of implementa-
tion and the necessity of adaptation. The remainder of the paper
discusses the SARMa project, which implemented sustainable
aggregates resource management (SARM) and sustainable sup-
ply mix (SSM) in South East Europe (SEE). SARMa had 14
partners in 10 nations who worked together to develop a com-
mon approach to SARM and SSM in SEE. The project produced
3 manuals addressing such issues as environmentally friendly
quarrying, decision-making for SARM and SSM at the regional,
national, and transnational scales, and construction and demoli-
tion waste management. These results built on numerous case
studies, analyses and recommendations that led to common
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methods and knowledge management tools. SARMa contribut-
ed to the SEE Programme’s overall objectives by integrating en-
vironmental, social, and economic aspects of sustainability with
respect to aggregates, capacity building, and fostering transna-
tional territorial cooperation.

Izvle€ek: Namen cClanka je predstaviti trajnostno gospodarjenje z
mineralnimi surovinami s poudarkom na gospodarjenju s ka-
menimi agregati. V prvem delu so predstavljene teoreticne
osnove trajnostnega gospodarjenja z viri glede na znacilnosti
kamenih agregatov, ki se razlikujejo od vecine drugih mineral-
nih surovin. Prdstavljeni so tako okoljski, ekonomski in druz-
beni vidiki, kot tudi izzivi izvajanja trajnostnega gospodarje-
nja in potrebe po prilagajanju sprejetih politik. V drugem delu
¢lanka je predstavljen projekt SARMa, ki je apliciral koncepta
trajnostnega upravljanja z mineralnimi surovinami (SARM —
Sustainable Aggregates Resource Management) in trajnostne
oskrbe (SSM — Sustainable Supply Mix) v jugovzhodni Evropi
(JVE). Pri projektu je sodelovalo 14 organizacij iz 10 drzav,
ki so razvile skupen nacin obravnave SARM in SSM v JVE.
Nastali so trije priro¢niki, ki obravnavajo teme, kot so: prepre-
¢evanje ali zmanjSevanje povrSinskega pridobivanja na okolje,
sprejemanje odlocitev o SARM in SSM na regionalni, nacio-
nalni in mednarodni ravni ter pridobivanje recikliranih kame-
nih agregatov iz inertnih odpadkov. Nastali rezultati temeljijo
na Stevilnih Studijah primerov, analizah in priporocilih, ki so
vodili k skupnim metodam in orodjem za povecanje znanja
vkljucenih ciljnih skupin. Projekt SARMa je prispeval k ci-
ljem programa Jugovzhodna Evropa, saj je povezal okoljski,
ekonomski in druzbeni vidik trajnosti na podro¢ju kamenih
agregatov, pripomogel k izboljSanju kapacitet ter spodbudil
mednarodno teritorialno sodelovanje.

Key words: Mineral resource management, Sustainable development,
Policy, Sustainable supply mix, Slovenia

Kljucne besede: trajnostno gospodarjenje z mineralnimi surovinami
za gradbeni$tvo, trajnostni razvoj, politike, trajnostna oskrba,
Slovenija
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INTRODUCTION

In the second half of the twentieth
century, societies began to realize that
new approaches to development were
needed. Human activities were having
impacts that exceeded the Earth’s car-
rying capacity on global, and in many
places on regional and local, scales.
This was particularly true with regard
to environmental pollution and the
consequences of natural resource ex-
traction and consumption. Minerals
are resources that are both essential for
modern existence and future develop-
ment, and whose extraction, use and
disposal can cause negative social and
environmental impacts. Societies can-
not be expected to forego the stream of
benefits coming from the use of miner-
al resource products, and by extension
from mining. Therefore, it is crucial to
encourage both the mitigation of cu-
mulative negative impacts, which were
in most cases the consequences of past
practices, and the implementation of
new, better practices.

Recognizing that past activities are no
longer acceptable, a new development
framework has emerged. The frame-
work, called sustainable development,
has four overarching goals: economic
prosperity, environmental health, so-
cial equity for the present generation,
and equal opportunities for future gen-
erations. In the past decade, the goals
of sustainable development have been
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embraced by most countries in the
world, and are now being applied to
decision making at global, local, and
individual scales, including those deci-
sions related to mining.

The foundations for sustainable min-
eral resource management were laid
through a review of sustainable devel-
opment concepts, their links to mineral
resources, national mineral policies and
management programs. The likelihood
of improved choices from among pos-
sible development options is increased
when those decisions are informed by
knowledge and science. Scientific and
technical expertise can be applied to
monitoring socio-economic and bio-
physical processes and, in so doing,
provide information and data to every
stage of the policy cycle, including to
sustainability policies.

Earth scientists, geologists and others
are involved not only in fundamen-
tal research projects, but also in ap-
plied projects. Most applied projects
are multidisciplinary and have as their
goal the solution of different open and
ongoing challenges that society faces.
An important set of these projects deals
with the provision of an adequate and
secure supply of raw materials. This pa-
per describes a Southeast Europe pro-
ject “Sustainable Aggregates Resource
Management”. The main objectives of
the project are to develop a common
approach to sustainable aggregate re-
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source management (SARM) and sus-
tainable supply mix (SSM) planning at
three scales (local, regional/national,
transnational) to ensure efficient and
secure supply in South East Europe.

SUSTAINABLE AGGREGATES RESOURCE
MANAGEMENT

There has been an inappropriate ten-
dency to focus exclusively on metals
when minerals are used as an engine
of development. As a result, the poten-
tial positive contributions of mineral
development are often overlooked in
countries with limited endowment of
metals.

Under- or over-emphasis on the miner-
als sector can be lessened by addressing
mineral development within the context
of sustainable development. Each coun-
try identifies sustainability goals, with
respect to social equity, environmental
health, and economic growth that are
appropriate to its circumstances. The
contribution of mineral resources to the
achievement of those goals will be simi-
larly context dependent.

Natural aggregate is an essential com-
modity in modern society. Developing
nations need stable, adequate and se-
cure supplies of construction materials
to build the infrastructure needed to
achieve the Millennium Development
Goals (Barp & SHetTy, 2003). This

includes highways, roads, bridges,
railroads, airports, seaports, water and
waste treatment facilities, and energy
generation facilities. Construction ma-
terials are also essential to the provi-
sion of sustainable housing and the
expansion of industrial capacity (CIB
& UNEP, 2002). These large volume
materials will need to be provided in
a rational integrated manner that maxi-
mizes their societal contributions and
minimizes environmental impacts.

Natural aggregate is a material com-
posed of rock fragments, which may be
used in their natural state or after me-
chanical processing such as crushing,
washing, and sizing (LANGER & Tuck-
ER, 2003). There are two categories of
aggregates, gravel and crushed stone.
Gravel generally is considered to be
material whose particles are about 2.0
mm to 63.0 mm in diameter. Its edges
tend to be rounded. Crushed stone is
of the same size range, but is artifi-
cially crushed rock, boulders, or large
cobbles. Most or all of the surfaces of
crushed stone are produced by the act
of crushing, and the edges tend to be
sharp and angular. Natural aggregate
has hundreds of uses, from chicken
grit to the granules on roofing shingles
(tiles). However, most aggregate is
used in cement concrete, asphalt, and
for other construction purposes. The
average per capita consumption of ag-
gregate generally ranges from 5 t to
15 t per year (LANGER & SoOLAR, 2002).
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While aggregate is a non-renewable re-
source, supplies are nearly inexhaust-
ible on a global scale. They have char-
acteristics that differentiate them from
most other mineral commodities:

* a high number of potential extrac-
tion sites;

a high volume to value ratio;
significantly different set of poten-
tial environmental impacts; and
regional importance combined with
a narrow economic transportation
radius.

In most cases, aggregate demand is
met by local or in-country suppliers.
This occurs because most aggregate
transportation is carried out on roads
and transportation short distances to
different locations by road is economi-
cally viable. Moreover, constructing
and maintaining a dense road network
is less expensive than constructing rail
or channel networks.

In many countries, aggregates have
simplified legal frameworks (local
level competence, licensing, taxation,
control) compared to other minerals
due to the above mentioned charac-
teristics. In some countries aggregates
are the landowner’s property even
if most of other minerals are state
owned.

Aggregates are very often overlooked
in minerals sustainability debates due

to the fact that they are seldom export
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products of national importance like
metals or energy resources.

Aggregates typically do become part
of sustainability debate in countries
with organized environmental protec-
tion groups that have active individual
members. These are mostly developed
countries where mining is a declining
economic activity and most other types
of mineral extraction have ended. In
developing countries, the negative and
positive effects of quarrying are not
important issues in the development
debate because the negative impacts
of aggregate extraction that are passed
on as burdens for future generations
cannot be compared with the present
desire for faster economic develop-
ment and poverty alleviation. The fact
that the costs of remediating negative
social and environmental impacts of
aggregate quarrying and use will be
higher in the future than they are today
is neither a priority nor a point of dis-
cussion in most developing countries.

Nonetheless, aggregates should be an
integral part of any country’s overall
sustainability plans. Geological set-
tings, and economic and social condi-
tions, are influential factors in deter-
mining how aggregates are supplied.
But because the manner in which ag-
gregates are supplied affects the abil-
ity of developing nations to achieve a
sustainable future, it is important that
a country’s strategic and operational
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policy guidelines are based on sustain-
able development principles.

Construction materials and aggregates
present a very clear example of the
transition from natural to human-made
(manufactured / physical) capital. In
order to optimize this transition, the
positive impacts of quarrying should
be maximized and negative ones mini-
mized.

Lack of understanding about the links
among different types of impacts of
quarrying is a source of time consum-
ing disagreements between stakehold-
er groups, including the general public,
industry, environmental, social and ex-
pert groups on local and national lev-
els. One of the most effective ways to
identify the full range of positive and
negative impacts, as well as system
interactions, is to examine the entire
quarry and product life cycle. Soci-
etal, value based, objectives expressed
in policies emphasize certain parts of
life cycle and bring those issues to the
attention of stakeholders. One of the
tools that can be used to ensure that
mineral resources (aggregates) are pro-
vided in a manner that contributes to
sustainability over the full life cycle is
Sustainable Aggregate Resource Man-
agement (SARM).

Environmental Aspects — SARM re-
quires developing aggregate resourc-
es in an environmentally responsible

manner that does not result in long-
term environmental harm, even if
short-term environmental impacts are
unavoidable. Two main environmen-
tal categories should be considered in
SARM: reducing negative environ-
mental impacts and resource protec-
tion / conservation. These goals are
very achievable because the aggregate
industry has made, and continues to
make, great strides in environmental
management.

Most destructive environmental im-
pacts of aggregates are on the land-
scape (visual intrusions), air (noise,
dust), water (surface, underground wa-
ter), soil (erosion, pollution), and on bi-
ota (loss of biodiversity). Besides type,
the nature of impacts (range, timing,
duration, ability to prevent /control)
should also be considered (LANGER &
ArBOGAST, 2002). There are many
regulatory and voluntary tools that can
be used to identify, reduce and control
negative environmental impacts. These
include environmental impact assess-
ment, environmental management sys-
tems, environmental accounting, envi-
ronmental reporting, life cycle analy-
sis, ISO 14000 standards, all of which
can be applied both on-site (quarry &
processing facility) and to transporta-
tion routes.

SARM, however, is not just about pro-
tecting the environment from the po-
tential negative impacts of aggregate
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extraction. Reclaiming aggregate op-
erations or orphaned sites has tremen-
dous potential to improve our quality of
life, create additional wealth, increase
biodiversity, and restore the environ-
ment. In the expanding suburban areas
of today, mined-out aggregate pits and
quarries are converted into second uses
that range from home sites to wildlife
refuges, from golf courses to water-
courses, and from botanical gardens to
natural wetlands. Reclamation should
be a major consideration in sustaining
the environment and in creating biodi-
versity (LANGER, 2003).

Mineral resource (aggregate) protec-
tion includes: (a) minimal exploitation
of primary aggregates with rational
production by introducing the recy-
cling and reuse of construction mate-
rials as secondary aggregates; (b) ex-
ploitation of renewable aggregate and
substitute resources; (c) increasing the
knowledge about aggregate potential,
and (d) preserving the land access to
aggregates in designated areas. The
first two of these protection measures
are intended to reduce the demand for
aggregate that is newly mined or from
newly developed sites. The latter two
address the long-term need for primary
materials (SoLAr, 2003).

Economic aspects of SARM — There
are four main economic aspects to
SARM: (a) ensuring that the material
requirements of society are provided
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for; (b) maintaining a viable business
environment; (c) encouraging value-
added production and employment;
and (d) embracing full cost accounting
while remaining competitive. The first
three of these are the responsibility of
government. The fourth is the respon-
sibility of the firm.

All societies utilize a stream of mate-
rial inputs for manufacturing and con-
struction. In the case of transition and
post-conflict economies, there is par-
ticular need for construction materials
to support development and rebuild-
ing of infrastructure, industrial capac-
ity, and housing. One aspect of SARM
involves ensuring that these resources
are available to the marketplace. This
is sometimes referred to as secure sup-
ply. The main elements of secure sup-
ply are creation or maintenance of pro-
duction capacity, identification of suffi-
cient reserves and resources, provision
of land access (extraction and explora-
tion sites / areas), and development of
the country’s or region’s infrastructure
capacity (roads, railroads, power). All
the foregoing issues are interlinked and
need to be balanced by policy makers
and resource managers. Secure supply
can also take the form of importation
in cases where the full cost of domes-
tic supply would be higher than the full
cost of imported materials.

A viable business environment exhibits
the following characteristics: (a) a sta-
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ble and feasible permitting regime; (b)
consistent application of rules and reg-
ulations; (c) functioning capital mar-
kets; (d) reasonable levels of taxation;
and (e) well defined property rights.
Underemployment and unemployment
are serious problems in many parts
of the world. Therefore, governments
should also consider setting policies
that support the availability of a trained
workforce and promote employment
in the extractive industries. Develop-
ment of value-added manufacturing is
another important issue. Existence of a
value-added sector can reduce the need
for imported materials while allowing
the domestic economy to capture the
economic benefits (employment, tax
revenues) that would otherwise accrue
in another country.

Economic realities drive industry activ-
ity. Firms need to remain competitive
if they are to stay in business. None-
theless, firms have a responsibility to
accept the full cost of doing business,
including costs of preventing or reme-
diating environmental damage. Indus-
try must be willing to accept the fact
that in some cases, when all the costs
are taken into consideration, a quarry
will not be a viable economic enter-
prise and must be either shut down or
not developed. Firms can, however,
increase competitiveness by modify-
ing production processes, upgrading
product quality, and maintaining a well
trained workforce. Production process

and product quality can be achieved
through voluntary quality control pro-
cedures such as adherence to ISO 9000
requirements. Quality is an important
market element that can be labeled
and traded. Research and development
(R&D) is another issue that increases
the enterprise’s overall performance
and has a great impact on increasing
the added value.

Some of R&D’s goals include new
products, and using BAT (best avail-
able technology) in the field. Finally,
maintaining or increasing employment
is not only governmental issue, be-
cause human resources are one of most
important driving forces of every en-
terprise. Corporate culture, knowledge
and skills need to be created, main-
tained, reviewed and revised (if nec-
essary). Special attention with regard
to human resources should be put on
health and safety of employees.

Social aspects — Identifying stake-
holders’ values, interests, goals and the
scale at which they apply is the first
step in resolving the complex situa-
tions that impact a country’s ability to
maintain a secure material supply and
achieve other policy goals. As an ex-
ample, there may be abundant sites in a
region that have suitable aggregate, but
the existence of conflicting land uses,
zoning, regulations, or citizen opposi-
tion can lead to insufficient or more
costly supply. Scale of interest is a con-
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sideration in such situations due to fact
that benefits and costs accrue to differ-
ent parties in different regions. A third
important issue is intra-generational
equity, fairness to those living near or
impacted by quarrying. Equity implies
a need for transparency and public par-
ticipation in decision making, as well
as access to information within demo-
cratic process (SoLAR, 2003).

Broader societal aspects can be de-
scribed in terms of the legal frame-
work, communication and education.
The legal framework should protect
the interests not only of country or re-
gion, but also investors and all other
stakeholders. An effective legal frame-
work needs balance between adminis-
trative requirements and flexible, time
efficient, inexpensive procedures of
licensing. Further, a country or region
needs to have the institutional capac-
ity to implement and enforce the leg-
islation (monitoring and control com-
ponents in particular), to develop and
maintain resource information infra-
structure, to foster research and de-
velopment, to use funds from mineral
rents (taxes) for the benefit of current
and future generations, and facilitate
cooperation with other sectors.

In addition to the legal framework, vol-
untary initiatives from different stake-
holders (industry, non-governmental
organizations) enrich dialogue and fa-
cilitate agreements.
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Voluntary initiatives include communi-
cation, education, partnership, and par-
ticipation. All stakeholders should have
access because increased awareness
of the costs and benefits of supplying
materials to society will lead to more
timely agreements about how to (re)dis-
tribute costs and benefits of aggregate
extraction and use. (SOLAR, 2003).

Implementation — To ensure that ag-
gregate resources are managed in a
sustainable manner, each of the pri-
mary stakeholders — government, in-
dustry, public, and other non-govern-
mental organizations — must accept
certain responsibilities. The govern-
ment is responsible for developing the
policies and climate that provide con-
ditions for success. The industry must
work to be recognized as a responsible
corporate and environmental mem-
ber of the community. The public and
non-governmental organizations have
the responsibility to become informed
about natural resource management
issues, take personal responsibility
for their consumption patterns, and to
constructively contribute to a process
that addresses not only their own, but
a range of objectives and interests. All
stakeholders have the responsibility to
identify and resolve legitimate con-
cerns, and the government, industry,
and the public must cooperate at the
regional and local levels in planning
for sustainable aggregate extraction
(LANGER, 2003a).
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To be effective, SARM must be a prag-
matic pursuit, not an ideological exer-
cise. It is an iterative process and gov-
ernment, citizens, and industry should
all be involved in the pursuit. The pro-
cess consists of a number of steps, in-
cluding issuance of policy statements,
elaboration of objectives, establish-
ment of actions, identification of indi-
cators, and monitoring:

* Policy statements issued by gov-
ernments commonly identify the
aggregate industry as a key indus-
try contributing to jobs, wealth,
and a high quality of life for their
citizens, and commit the govern-
ment to the protection of critical
resources and protection of citi-
zens from the unwanted impacts
from aggregate extraction. Indus-
try policy statements commonly
identify environmental and so-
cietal concerns and commit the
company to environmental stew-
ardship and interaction with the
community.

* Objectives describe what is to be
accomplished and commonly are
subsets of the social, economic
and environmental components of
SARM. Typically objectives will
include, but not be limited to: (a)
ensuring future supplies of aggre-
gate; (b) reducing the demand for
newly mined aggregate; and (c)
protecting and restoring the envi-
ronment.

* Actions are associated with each

objective and describe the steps to
reach the objective.

* Indicators deserve special mention.
They measure progress as well as
the effects of efforts to protect and
enhance natural and human sys-
tems and will be discussed in more
detail below.

* Monitoring, feedback, and the
regular reconsideration of require-
ments as events develop to the
SARM process. The establishment
of a joint monitoring process pre-
sents an excellent opportunity to
forge partnerships with communi-
ties and involve citizen groups.

Measurement — Progress toward the
policy goals that have been described
in detail within a resource manage-
ment plan need to be measured over
time. Measurement can be described in
terms of the hierarchical model of prin-
ciples, criteria, and indicators.

Adaptation — It is useful to think of
policy making as a continuous pro-
cess. Sustainable aggregate manage-
ment has a place in all these stages.
Over time societal goals, governmen-
tal policy, laws and acts, public and
corporate management plans, regula-
tory regimes, and data sets can change.
SARM should be seen as an adaptive
process that responds to changes in
social, economic and environmental
system and to changing public prefer-
ences as well.
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There are a range of potential problems
associated with adoption, including:
(a) unrealistically high expectations,
(b) lack of commitment, and (c) in-
appropriate past practices. Therefore,
a very clear roadmap of the manage-
ment plan, and also a plan to address
disappointment, is needed. In order to
strengthen stakeholder commitment,
all open issues should be discussed
in a way that promotes consensus on
the outcomes. Building trust and con-
fidence during the process of creating
a management plan can help overcome
the distrust that has been created by
past bad practices.

Given the impacts of the global re-
cession, current aggregates produc-
tion levels are now dependent to some
degree on economic stimulus expen-
ditures and on public infrastructure
projects. This circumstance provides
an opportunity for governments to en-
courage producers to practice SARM
and also to coordinate their mineral
policies with other public policies so
as to minimize conflicts and costs and
optimize benefits. Recognition of the
need for SARM that fulfills present de-
mand and planning for supplies to meet
future demand is present within mod-
ern society, although stringent SARM
policies do not exist in most countries.
Nonetheless, the multiple aspects and
goals of SARM are not being achieved
in many regions or countries, including
the region of South East Europe (SEE).
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SEE countries are rich in aggregates,
but neither management nor supply is
coordinated within or across the area.
At the site level, the issues are high en-
vironmental impacts, a need for stake-
holder consultation and capacity, a lack
of social license to operate, and limited
recycling. At the regional/national lev-
el, the issues are policies and regula-
tions affecting aggregates that: do not
address resource and energy efficiency
or EU guidelines, preclude the use of
recycled materials and industrial by-
products, and fail to address aggregate
consumption in long-term sustainable
development and spatial planning. The
transnational issues are lack of capac-
ity and lack of coordination on aggre-
gates production and transport. Taken
together these issues demonstrate the
need to shift to sustainable aggregate
resource management (SARM) and
sustainable supply mix (SSM) poli-
cies. As noted above, efficient, low
socio-environmental impact quarrying
and waste management is SARM. A
SSM comprises materials from multi-
ple sources, including recycled wastes
and industrial by-products (slag), that
together maximize net benefits of ag-
gregate supply across generations.

SARMa PROJECT 2009-2011
In 2009, the EU Commission ap-

proved a project titled “Sustainable
Aggregates Resource Management”
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(SEE/A/151/2.4/X — SARMa) under
the South East Europe Transnational
Cooperation Programme. The SARMa
project focused on implementing sus-
tainable aggregates resource manage-
ment (SARM) across SEE and identi-
fying the components of a sustainable
supply mix (SSM) of aggregates for
SEE. It should be noted that the South
East Europe Programme does not
fund research, but rather is a frame-
work intended to foster transnational
partnerships and enhance the integra-
tion of new and candidate countries
into the European Union through the
application and distribution of exist-
ing knowledge.

Partnership — In selecting the pro-
ject team, there was a need for: (a)
broad geographical coverage, and
(b) the inclusion of partners from old
member states, new member states,
and candidate countries. This as-
sured knowledge transfer and best
practices transmission to zones with
less experience in SARM and SSM,
which will enable better cohesion of
SEE countries in aggregates manage-
ment and supply. Other aspects of the
partnership were: (c) competence and
expertise of partners, not only in re-
sources, but also with environmental
issues, (d) vertical coverage in differ-
ent countries of activities at different
scales (i.e., different zones for field
work, model development, and pilot
implementation), which facilitated

transnational activities, and knowl-
edge transfer from experts to stake-
holders at the policy and implemen-
tation levels in different countries,
and (e) continuing partnership among
project members and observers rep-
resenting ministries in charge of min-
ing, regional authorities, chambers of
commerce, and industry. The 14 part-
ners in 10 countries of SEE area are
listed below:
1. Geological Survey of Slovenia, SI
2. University of Leoben, AT
3. Ministry of Economy, Labour, and
Entrepreneurship, Directorate for
Mining, HR
4. Prefectural Authority of Pella, GR
5. Institute of Geology and Mineral
Exploration, GR
6. Technical University of Crete, GR
7. Hungarian Office for Mining and
Geology, HU
8. Emilia-Romagna Region - Envi-
ronment, Soil and Coast Defense
Department, IT
Parma Province, IT
. National Institute for Research-
Development in domain of Geol-
ogy, Geophysics, Geochemistry
and Remote Sensing, RO
11. University of Bucharest, Faculty
of Geology and Geophysics, RO
Ministry of Economy Herzegbos-
nian Canton, BH
University of Belgrade, Faculty of
Mining and Geology, SR
Ministry of Economy, Trade and
Energy, AL

12.

13.

14.

RMZ-M&G 2012, 59



Sustainable Aggregates Resource Management: experience learnt and shared ...

193

Scientists and experts formed a major
part of the project team of the SAR-
Ma SEE project. They were selected
to ensure that the necessary expertise
would be available to achieve the ex-
pected objectives and implement the
expected results. Geological surveys,
institutes and faculties work regularly
as experts and policy advisers with
government and industry and combine
up-to-date knowledge and expertise in
the area of aggregates. All have con-
tinuing, long-term relationships with
decision making bodies in their coun-
tries and prepare strategic documents
for authorities. Partners have the ex-
perience in major projects and public
awareness-raising activities in order to
manage the SARMa project and dis-
seminate outputs and results. Also, 8
decision making bodies were included
that have aggregates sector extraction
areas under their rule and expressed a
desire to participate actively in seek-
ing solutions to the challenges of ag-
gregates production and supply. In ad-
dition, emphasis was being placed on
public/stakeholder capacity building
activities (SOLAR & SHIELDs, 2011).

Project goals — The two main project
objectives were to: develop a common
approach to SARM across SEE, and
ensure a SSM in SEE based on fair
distribution of costs and benefits of
aggregate production, use, waste dis-
posal and recycling, so as to enhance
resource and energy efficiency and
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quality of life. Other supporting objec-
tives included: coordination in manag-
ing aggregate resources, increasing the
transfer of know-how, and supporting
capacity building in firms, govern-
ment and civil society; development
of a unified information infrastructure
and common understanding of aggre-
gates based on EU guidelines and di-
rectives, including those on protected
areas, potential secondary supply, and
transnational transportation networks;
and prepare for a Regional Centre on
SARM & SSM.

Project activities were intended to
connect institutional actors, decision
makers, policy implementers, eco-
nomic sector, quarry operators, civil
society, and NGOs through data col-
lection activities, workshops, and
targeted results at 3 spatial scales be-
cause, as previously noted issues dif-
fer by scale. Each scale was handled
as a separate Work Package having its
own specific goals: those being Local,
Regional/National, and Transnational.
Local goals: (a) optimize the efficien-
cy of primary aggregates production,
(b) prevent or minimize environmen-
tal impacts of quarrying and improve
reclamation, (c¢) minimize illegal
quarrying by improving knowledge,
(d) promote recycling (construction,
demolition & quarry waste), and
(e) increase interested and affected
groups’ capacity. Regional/national
goals: (a) assess and quantify aggre-
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gate resources and relevant transpor-
tation links, (b) develop strategies for
sustainably managing aggregate re-
sources, including in protected areas,
considering aggregate resources in
land management and use planning,
and harmonizing policies across re-
gions, and (c) develop guidelines and
procedures for SSM planning. Trans-
national goals: (a) recommend meth-
ods for harmonizing SARM & SMM
transregionally and transnationally,
and (b) design a multi-purpose and
multi-scale Aggregates Intelligence
System (AIS) as a long-term tool
for know-how transfer. Planning has
also begun for a Regional Centre on
SARM & SSM, the purpose of which
will be to increase capacity of all in-
terested and affected groups through
additional studies, workshops, and
educational materials.

Final results — The Sustainable Ag-
gregates Resource Management (SAR-
Ma) project contributed a transnational
bottom-up approach by developing
a common approach to Sustainable
Aggregates Resource Management
(SARM) and ensuring a Sustainable
Supply Mix (SSM) in 10 participating
SEE countries.

At the local level, the main findings for
local authorities, industry representa-
tives and communities are presented in
the manual “How to achieve aggregates
resource efficiency in local communi-

ties”, emphasizing environmentally
friendly quarrying, reduction of illegal
extraction, and increased recycling.

At the regional, national and transna-
tional level, the recommendations are
presented in the manual “SARM and
SSM at the Regional, National and
Transnational Level”, which is target-
ed at decision-making authorities. An
additional contribution on the pathway
to a more sustainable society was the
“Construction and Demolition Waste
Management Manual”, which illus-
trates activities related to inert waste
recycling.

As the base of these manuals (in the
bottom-up approach) 50 case study
reports, 10 studies/analyses, 9 differ-
ent recommendations and other docu-
ments were prepared as the supporting
materials. Additionally (not planned in
the AF), the two specific manuals were
prepared: “Guidelines for the environ-
mental recovery of quarries in near
river areas” and “Concise planning
manual for the recovery of aggregate
quarries”. The following results should
also be emphasized:

* 9 common guidelines covering rec-
ommendations for environmentally
friendly quarrying, recycling and
preventing illegal quarrying for
industry and authorities; on imple-
mentation of (EU) legislation; for
aggregate policy and management;
and for development and land use
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planners; on transnational level for
decision-makers on SARM and on
SSM;

« common methodologies adopted
among partners on database frame-
work on illegal quarrying and Life-
cycle Assessment scheme, and on
GIS and Aggregate Intelligence
System (AIS);

» advanced tools adopted to improve
knowledge management within the
partnership: SARM, SSM and GIS.

Over 9 500 copies of the manuals were
printed in 11 languages to facilitate
dissemination to the end-users. More-
over, the messages were directly pro-
moted to more than 1 300 representa-
tives of public authorities and 2 100
representatives of the industry, at the
19 different regional, national or trans-
national workshops, aiming at increas-
ing awareness, knowledge and capac-
ity of the target groups. Additionally
the project was presented at a number
of events (over 20) organized outside
the project, in SEE and EU. Thirteen
press conferences were organized and
54 articles were published. Counting
magazine and journal articles, over 900
000 people were reached.

On the basis of these methodologies,
regional or national policies on SARM
and SSM were improved in 11 partici-
pating countries or regions: Slovenia,
Austria, Greece, Region of Central
Macedonia, Hungary, Emilia-Romag-
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na Region, Parma Province, Romania,
Herzeg-Bosnian Canton, Serbia, Al-
bania and Croatia. The benefits of the
harmonised transnational approach are
confirmed and will contribute to in-
creased aggregates resource efficiency
in participating countries. The 23 par-
ticipating partners and observers inten-
sively promoted the project outcomes
to target groups in their territories.

At the policy level, important achieve-
ments have been accomplished at the
national, regional and local level of 10
participating countries by contributing
to the improved policies on aggregates
management and supply, as well as the
waste management, recycling and pro-
tection of the environment related to
quarrying activities. The outcomes of
the recommendations in the SEE area
were also contributing to the EU poli-
cies and initiative related to these top-
ics. Please see next point for details.

At the policy level, an important con-
tribution was imposed in 12 participat-
ing territories (Zeli¢, 2012):

- At the national level:

o Greece: the SARMa project is
referenced twice in the working
document for the New Greek
National Minerals Policy — it
was also referenced several time
in the public forum presenting
the work on the Greek National
Minerals Policy;

o Austria: contribution to Austri-
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an Mineral Resources Plan de-
velopment;

Hungary: the transposition of
the Community law and policy
was impacted by the SARMa
outcome on the national level,
its conclusions are built into
the national mineral strategy in
preparation;

Slovenia: SARMa activities
coincided with the drafting of
National Mining Strategy and
evaluation of Mining Act;
Romania: Mineral resources
Department at the Ministry of
Economy, Commerce and Busi-
ness Environment of Romania
has realized the need of draw-
ing up a national mineral policy
(inclusively aggregates) based
(also) on promotion of SARMa
outcomes and is trying to obtain
financing for this project;
Albania: SARMa Project has
been implemented within the
same period in which the re-
viewing and the improvement
of the Albanian Law on Mining
have been carried out as well as
its approval.

Serbia: SARMa activities had
an impact on the national poli-
cies and regulations — there were
some changes in the structure of
Ministries related to aggregates
production, new Law on Min-
ing and Geological Exploration
(end 2011), and the new Miner-

als Policy of Serbia is being pre-
pared.

o Croatia: SARMa activities are
positively influencing the na-
tional policy on aggregates
management.

- At the regional level:

o Emilia-Romagna Region: SAR-
Ma recommendations will be
integrated into the new law on
soil defence and quarrying ac-
tivities, at time of writing in an
early phase of development.

o Herzeg-Bosnian Canton: public
authorities in this and other Bos-
nian structures increased aware-
ness, knowledge and capacity
about the aggregates policy and
its reference with other areas,
which will influence their deci-
sion-making in the future.

- At the local level:

o Parma Province: will apply new
law about soil defence and quar-
rying activities that will be is-
sued by the ER Region in the
future on the basis of SARM
practices and recommendations;

o Pella Prefecture/Region of Cen-
tral Macedonia: SARMa activi-
ties positively influenced the lo-
cal policy on aggregates man-
agement.

The 3 dimensions of sustainability
were realised in the following way, in-
cluding the steps after the project end:

e [Institutional sustainability is as-
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sured since partners incorporated
the recommendations and new
methods in their daily work, at the
level of public authorities or expert
organisations;

e Additionally, partners are taking a
lot of effort to promote and dissem-
inate the project outputs (manuals)
and the described methods also in
their networks in each country or
region;

e The political sustainability was is
parallel assured since the recom-
mendations addressed directly the
local, regional and national poli-
cies and were promoted at the level
of public authorities directly or by
the expert organisations providing
the expert support for these institu-
tions;

e The financial sustainability was
partially assured by financing the
regular operations of the mentioned
organisations in which the devel-
oped approaches will be used,

e Additionally, it was estimated that
the developed recommendations
are generally applicable, while es-
pecially the public authorities are
still lacking capacity to incorpo-
rate them in the new or improved
regulations. Therefore a new SEE
project proposal SNAP-SEE — Sus-
tainable aggregates supply in SEE
was applied at the SEE programme
4t call;

e There are initiatives also for up-
grading the developed topics at
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other levels, e.g. at the EU level in
the Interreg IVc or at more scien-
tific level in FP7, or the successors
of these programmes.

The project had a significant impact
on territorial cohesion of 10 SEE
countries in the tackled field by har-
monising their approach to aggre-
gates management and related poli-
cies, and to transferring efficiently
the related EU guidelines to the na-
tional or regional level. These poli-
cies are also contributing to the en-
vironmental dimension by promoting
the environmentally friendly quar-
rying, promoting recycling and pre-
venting illegal quarrying. These ac-
tivities are contributing to the social
dialogue with affected stakeholders.
Economic activities of private sector
operators (large and small ones) are
influenced by promoting the positive
sides of more socially and environ-
mentally acceptable quarrying activi-
ties, leading to positive impacts for
the society.

At the EU level SARMa activities co-
incided with the implementation of the
EU new waste management legislation,
mine waste management legislation
and mineral policy issues. In this way
SARMa had a reinforcement effect on
the above EU policies by producing
practical manuals and recommenda-
tions on the best practice measures in
the SEE region. Within the networks of
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the SARMa partners the recommenda-
tions were promoted during the events
of the Hungarian and Polish presiden-
cy of the EU.

CONCLUSIONS

The SARMa project’s impact is notice-
able at the level of national, regional
and local public authorities, where dif-
ferent policies regulating aggregates
management and supply from the
economic or environmental perspec-
tives are being developed or improved.
There are proposals for follow-up pro-
jects further increasing capacity of the
public authorities and enhancing the
involvement of stakeholders in these
processes. The project also contribut-
ed to the improvement of the EC Raw
Materials Initiative, waste manage-
ment legislation.

Finally, SARMa contributed to the
SEE Programme overall objectives
by integrating environmental, social
and economic aspects of sustain-
ability with respect to aggregates
management and supply, capacity
building, and fostering transnational
territorial cooperation among local,
regional, national and transnational
authorities.

All SARMa manuals, recommenda-
tions and other reports are available at
http://www.sarmaproject.eu
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Abstract: This paper describes the case study of statistical data-driven mod-

els implementation to assess groundwater vulnerability to nitrate pol-
lution of alluvial aquifers in Slovenia. The aim of the research was
spatial prediction of the relative probability for increased groundwater
nitrate concentration in order to plan the groundwater nitrate reduction
measures and optimize the programme for monitoring the effects of
these measures. For the selection of possibly optimal statistical model
and comparison with the one of point count system methods PCSM,
receiver operating characteristic method ROC was used. Results of
the probabilistic classifier from the weights-of-evidence model WofE
and neuro-fuzzy model NEFCLASS has in the case of groundwater
nitrate pollution a significant better average performance than the
widespread used SINTACS parametric point count relative rating as
groundwater contamination potential.

Izvleéek: Clanek opisuje $tudijski primer uporabe statisti¢nih podatkovno

vodenih modelov za ocenjevanje ranljivosti podzemne vode na nitrat-
no onesnazenje v aluvialnih vodonosnikih Slovenije. Namen raziskave
je bil prostorsko napovedati relativno verjetnost zvisane vsebnosti ni-
trata v podzemni vodi za potrebe nacrtovanja ukrepov za zmansanje
nitratnega onesnazenja in optimiranja programov merilnega nadzora
ucinkov teh ukrepov. Za izbor optimalnega statisticnega modela in
primerjavo z rezultati veCparametrske metode razvr§c¢anja in tehtanja
je bil uporabljen pokazatelj karakteristike delovanja klasifikacijskih
metod ROC. Verjetnostni klasifikatorji modela teze evidenc WofE in

Original scientific paper

Data-driven modelling of groundwater vulnerability to nitrate

Podatkovno vodeno modeliranje ranljivosti podzemne vode na
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nevronske mehke logike NEFCLASS izkazujejo v primeru nitrat-
nega onesnazenja podzemne vode znacilno boljSe povprecne klasi-
fikacijske lastnosti kot sicer zelo razsirjena metoda razvrScanja in

tehtanja parametrov SINTACS.

Key words: groundwater vulnerability, nitrate, data-driven modelling, Slo-

venia

Kljuéne besede: ranljivost podzemne vode, nitrat, podatkovno vodeno

modeliranje, Slovenija

INTRODUCTION

Groundwater nitrate pollution in Slo-
venian shallow alluvial aquifers has
been a major concern in recent years,
and more than a third of the groundwa-
ter in these aquifers has poor chemical
status according to Water Framework
Directive (Directive 2000/60/ES) cri-
teria, most frequently due to a high
concentration of nitrate (UHAN et al.,
2010). The operative programme of
measures requires identification of the
potentially vulnerable priority areas
within groundwater bodies for cost-ef-
fective measures planning. Groundwa-
ter vulnerability maps are an important
tool of the water management decision-
making process. Most of the previous
groundwater vulnerability assessments
of shallow alluvial aquifers in Slove-
nia (Janza & Prestor, 2002; Bracic
ZELEZNIK et al., 2005; MALI & JANZA,
2005; UnaN et al., 2008) used a vari-
ety of parametric point count methods
with a relative rating for the potential
of groundwater contamination, e.g. the
SINTACS index, adapted to conditions

in the Mediterranean region (CIviTa,
1990). These methods require valida-
tion with field measurements, such as
a tracer test, groundwater residence
studies or investigation of pollution
processes, e.g. denitrification. GoGu &
DassarGUES (2000) identified the inte-
gration of results from process-based
models in vulnerability mapping tech-
niques as a new research challenge in
groundwater vulnerability assessment.
Data-driven modelling offer the pos-
sibility of analysing the relevant data
about a groundwater system, in fact,
learning from available data, which
incorporates the so far unknown de-
pendencies between a system’s inputs
and outputs (MitcHELL, 1997; PrICE &
SoLoMATINE, 2000).

MATERIALS IN METHODS

Modelling of the groundwater wvul-
nerability to pollution is generally
understood as probability modelling
or a mathematical representation of
a random phenomenon. Most com-
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monly used methods of the classifica-
tion modelling are neural networks and
fuzzy logic methods, statistical method
of logistic regression and closely re-
lated Bayesian approaches to classi-
fication. In the Lower Savinja Valley
case study, we have used the neuro-
fuzzy approach for the data classifica-
tion NEFCLASS-J (Nauck & KRUSE,
1995), and weights-of-evidence meth-
od for combining evidence in support
of a hypothesis Arc-WofE (Kewmp et al.,
1999). The results of these two data-
driven methods were compared with
the results of the SINTACS parametric
point count relative rating as ground-
water contamination potential (UHAN
et al., 2008), coupling with the results
of the agricultural nitrate hazard index
IPNOA (PenaN, 2008).

The SINTACS scheme of aquifer pol-
lution vulnerability mapping incorpo-
rates seven parameters, relevant for
the contaminant attenuation and verti-
cal flow capacity (Table 1). The grid
square cell structure of the SINTACS
input data has been designed in order
to use several weight strings in order to
satisfactorily describe the effective hy-
drogeological and impacting situation
as set up by the sum of data (Crvita &
DE Maio, 2000). For each grid squares,
element normalized SINTACS index
was calculated and coupled with the
agricultural nitrate hazard index (IP-
NOA). The IPNOA method integrates
two categories of parameters (Table 1):
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the hazard factors representing farm-
ing activities and the control factors
which adapt the hazard factors to the
characteristics of the site (PApovant &
TrEvVISAN, 2002).

Neuro-fuzzy system is an identification
method that combines the methods of
neural networks and fuzzy logic. The
neural networks classify among the
»black box« methods, where the mod-
el is set solely on the basis of measured
data without an insight into the dynam-
ics of the process. Fuzzy logic on the
other hand classifies among the »grey
box« methods, where the model struc-
ture is given as a parameterized mathe-
matical function that is at least partial-
ly based on the laws of physics. Both
systems have been developed indepen-
dently, and only later great advantages
have been recognised in their joint use,
especially for the classificatory pur-
poses (Nauck & Krusk, 1995), as well
as in the area of groundwater vulner-
ability to pollution (Dixon, 2001).

Bayesian classifier uses attribute in-
dependence assumption and estimates
the conditional probabilities (coef-
ficients in the model) on the basis of
counting the cases in a particular class.
Although the Bayesian classifier prob-
abilistic model is based on the assump-
tion, which the practice does not sup-
port, the empirical evidence shows that
this has no major impact on its classifi-
catory accuracy (DoMINGOs & PAzzan,
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Table 1. List of used evidential themes in groundwater nitrate pollution vulnerability
assessment case study

SINTACS

IPNOA

NEFCLASS

WofE

Deep to the groundwater

Use of fertilizers

Hydrogeological
homogeneous units

Hydrogeological
homogeneous units

Effective infiltration

Application of livestock

Irrigation and drainage

Irrigation and drainage

and poultry manure areas areas
Food indust
Unsaturated zone 00¢ MEUSry Development of the Development of the
. . wastewater and urban . .
attenuation capacity river networks river networks
sludge
Soil/overburden . Long-term groundwater | Long-term groundwater
. . Topographic slope
attenuation capacity recharge recharge
Hydrogeological . . . .
e L . Nitrogen load in seepage | Nitrogen load in seepage
characteristics of the Climatic conditions frogen foad I seepag firogen foad I seepag
. water water
aquifer
. . Groundwater flow Groundwater flow
Coefficient of hydraulic . . . .
. Agronomic practices velocity in saturated velocity in saturated
conductivity
zone zone
Topographic slope

Figure 1. Groundwater nitrate measurements in central part of Lower
Savinja Valley, used as a training dataset
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1997; KoNoNENko, 2001). Advantages
of this method are in better response
for problems with a small number of
training points and missing attribute
values, and in greater clarity of the
resulting model. Mainly due to an
easier interpretation of the results, the
weights-of-evidence method, which is
based on the Bayesian theorem, has
been successfully used also for the as-
sessment of groundwater vulnerability
to pollution (ARTHUR et al., 2005; Bak-
ER et al., 2006; MasgTTI et al., 2007;
SorICHETTA et al., 2008).

In both cases of data-driven model-
ling of groundwater vulnerability to
nitrate pollution, NEFCLASS-J mod-
elling and Arc-WofE modelling, we
have used the same evidential themes,
including also process-based model-
ling outputs of groundwater recharge,
groundwater flow velocity and nitrate
leached from the soil profile (Table 1).
In the vulnerability assessment pro-
cedure, the central part of the Lower
Savinja Valley (30.8 km?) was dis-
cretised with a regular mesh grid of
100 m x 100 m. Randomly chosen
173 groundwater nitrate in-situ meas-
urements have been used as a training
points dataset. Monitoring sites have
been classified for further analysis into
two or three groups on the basis of dis-
tribution of groundwater nitrate con-
centration with 20 mg/1 as antopogenic
impact concentration or 50 mg/l as EU
threshold value.
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RESULTS AND DISCUSSION

Groundwater intrinsic vulnerability as-
sessment of Lower Savinja Valley shal-
low aquifer using SINTACS parametric
method (Unan et al., 2008) identified
two classes with different vulnerabil-
ity degrees. The first zone with higher
vulnerability is characterised mainly by
the lower terrace with shallow ground-
water, high surface/groundwater inter-
action and a thin protective soil layer.
The second zone with medium vulner-
ability is characterised mainly by the
upper terraces with deeper groundwater
and thick soil layer with increased clay
component. The most sensitive param-
eters are depth to the groundwater and
effective infiltration action. The results
of single-parameter sensitivity analysis
enable better understanding of the vul-
nerability model results, enable consist-
ent evaluation of the analytical result
and give a new orientation for further
methodological contamination research
by using statistical and numerical model
results with selected SINTACS ground-
water vulnerability parameters. It is
pointed out that detailed vulnerability
mapping, including analysis of hydro-
chemical data, especially nitrate con-
centration in groundwater, linked to the
assessment of pressures and impacts, is
a very good basis for establishing de-
tailed monitoring programmes and pro-
grammes of measurement to achieve
the WFD objectives of good groundwa-
ter status for groundwater bodies at risk.
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The intrinsic nitrate contamination risk
from agricultural sources, assessed us-
ing the IPNOA methodology, is high
for the 87 % of the study area, whereas
the 11 % of the southern parts of the
area indicate a diffuse and extremely
high potential risk. The greatest dis-
crepancies between the estimates of the
potential risk of groundwater contami-
nation by nitrates from agricultural ac-
tivities and the results of groundwater
nitrate field measurements have been
identified on the northern part of the
study area. Here the nitrate levels in
groundwater are in many places mark-
edly below the expectations, given the
high level of potential risk for ground-
water contamination by nitrates from
agricultural activities (PEHAN, 2008).
These findings have highlighted the
need for further study of spatial vari-
ability in conditions of nitrogen cycle
processes, which affect the reduction
processes in groundwater.

In the Lower Savinja Valley ground-
water vulnerability model, we have, in
light of the results of an extensive sen-
sitivity analysis of the NEFCLASS-J
model (Dixon, 2004), used the trian-
gular membership function and three
fuzzy sets structure. The model dis-
covered a total of 36 possible learning
rules, of which five of the best rules for
a particular classificatory range were
used for the grid. Additional optimi-
zation of the network resulted in the
93.02 % accuracy for the classification

of the learning data patterns, 75.58 %
accuracy for the validation, and 84.30
% accuracy for the classification of
the entire data series into two classes
of groundwater nitrate level. When
modelling the three-class fuzzy grid
(<20 mg/1, 20-50 mg/1, >50 mg/1), the
model accuracy was somewhat low-
ered, yet the classificatory accuracy
improved. The model classified all of
the 3,079 spatial cells, namely: 978 in
the first group (31.76 %), 689 in the
second group (22.38 %), and 1412 in
the third group (45.86 %) of the spa-
tial cells. The hydrogeological bound-
ary between the middle and the highest
terrace markedly stood out at this clas-
sification (Figure 2).

WofE modelling technique combines
known occurrences of phenomenon
(training points) with available spatial
data (predictor evidence) in a predic-
tive response (phenomena occurrences
conditional probability map). Six evi-
dential themes were applied to gener-
ate the response theme with posterior
probability values ranging from 0 to
0.312 (Figure 3). The response theme
values describe the relative probabil-
ity that a 100 m x 100 m spatial unit
will have a groundwater nitrate con-
centration higher than the training
points threshold values with regard to
the prior probability value of 0.057.
Based on the definition of the train-
ing point, higher posterior probability
values correspond with more ground-
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Figure 2. Neuro-fuzzy prediction of groundwater nitrate pollution in cen-
tral part of Lower Savinja Valley (threshold values: <20 mg/l, 20-50 mg/I
and >50 mg/l)

Figure 3. WofE posterior probability prediction of groundwater nitrate
pollution in central part of Lower Savinja Valley (threshold value: 20 mg/I;
prior probability = 0.057)
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Table 2. Statistics of ROC analysis

Model output Area ::fve; (t;)e) ROC Standard error 95 °/;)nct2;l‘ljziilence
SINTACS x IPNOA 75.7 0.041 0.685-0.820
WofE 82.9 0.034 0.756-0.877
NEFCLASS (3 classes) 84.4 0.031 0.779-0.895

100

oy D @
o o Q

True Positive rate (Sensitivity)

N
o

TR T S S (RN TRT W

—— SINTACS x IPNOA
WofE
NEFCLASS 3

80 100

False Positive rate (100-Specificity)

Figure 4. Predictive reliability of different classification schemes in ROC

diagram

water vulnerable cells and lower pos-
terior probability values correspond
to less vulnerable areas. The highest
probability of groundwater nitrate
vulnerability zones has been found to
be generally in the central part of the
study area. According to the calculat-
ed confidence value, the most impor-
tant contribution to the final response

theme was assessed for the ground-
water flow velocity evidential theme,
followed by the groundwater recharge
evidential theme. Conditional inde-
pendence as an important assumption
of the WofE model was within the
range that generally indicates no de-
pendence amongst evidential themes
(Baker et al., 2007).
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The predictive reliability of the applied
models has been verified by the receiver
operating characteristic analysis (METz,
1978), which through the sensitivity and
specificity assessment provides the area
under curve (AUC) in receiver operat-
ing characteristic diagram (ROC). Re-
ceiver operating characteristic curves
were developed in the field of statistical
decision theory and assess the value of
diagnostic/prediction tests by providing
a standard measure of the ability of a test
to correctly classify subjects or phenom-
ena. The ROC curve reflects the prob-
ability of correct and incorrect positive
findings of the phenomenon and can be
illustrated in space with the coordinates
for sensitivity and specificity. Sensitiv-
ity is defined as the probability that the
highly vulnerable spatial aquifer cell is
correctly classified, whereas specific-
ity is defined as the probability of the
correct classification of the moderately
vulnerable spatial cell. The rate of false
negative value is given by I-specificity.
The discrete three-class classification
of the model of neuro-fuzzy network
NEFCLASS-J and the linear distribu-
tion of the WofE posterior probability of
increased groundwater nitrate levels in
the studied area of Lower Savinja Valley
has been compared also with the results
of the SINTACS and IPNOA analysis
(Figure 4). The area under ROC curve
(AUC) was the lowest for SINTACS x
IPNOA prediction model (75.7). Ac-
cording to the ROC analysis, the best re-
sults were achieved by the neuro-fuzzy
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model, within which the highest value of
the parameter AUC (84.4) was achieved
(Table 2). When comparing it to the
weights-of-evidence model through the
K statistical comparison of matching be-
tween the measured and the predicted
categories (JENNESs & WYNNE, 2007), the
differences were, however, very small.

CONCLUSION

When comparing the results of classifi-
cation schemes, the neuro-fuzzy method
was proven somewhat more effective
for predicting the groundwater nitrate
concentration and thereby predicting
the groundwater vulnerability in Lower
Savinja Valley. However, the discrete
character of this model result has to be
emphasised, whereas the weights-of-ev-
idence method enables the assessment
of the probability of groundwater nitrate
pollution while not sacrificing much
the quality of the results. The assess-
ment of the probability of groundwater
nitrate pollution can be of great service
for mapping the groundwater vulner-
ability to nitrate pollution. Data-driven
models cover the relationships between
the relevant input and output variables
and are very effective if it is difficult or
not possible to build knowledge-driven
simulation models. Case study in Lower
Savinja Valley aquifer indicates the pos-
sibilities and the directions of incorpora-
tion of data-driven models into the deci-
sion support frameworks.
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Abstract: The article describes basic chemical properties of the
Kamniskobistrisko polje aquifer groundwater. The aquifer is
composed of the upper aquifer in sand and gravel deposits of the
Kamniska Bistrica river and of the lower, dolomite aquifer. The wa-
ter of both aquifers differs significantly as to its chemical composi-
tion. Compared to the lower aquifer, the water of the upper aquifer
is more mineralized, which is reflected in a higher electrical con-
ductivity and concentrations of HCO,, calcium and magnesium. The
water from the upper aquifer is also more loaded with pollutants
originating from agricultural activities. On the basis of chemical
properties of groundwater from both aquifers it can be concluded
that the recharge area of both aquifers is different; the upper aquifer
is recharged mainly by precipitation and infiltration of the Kamniska
Bistrica river, while the larger quantity of water from the lower aq-
uifer is estimated to originate from carbonate rocks on the western
fringes of the Kamniskobistrisko polje.

Izvledek: V ¢lanku so prikazane osnovne znacilnosti kemijske sestave pod-
zemnih vod vodonosnika Kamniskobistriskega polja. Ta vodonosnik
sestavljata zgornji vodonosnik v pesc¢eno-prodnih sedimentih reke
Kamniske Bistrice ter spodnji dolomitni vodonosnik. Po kemijski
sestavi se vode obeh vodonosnikov obcutno razlikujejo. V primer-
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javi s spodnjim vodonosnikom je voda zgornjega bolj mineralizira-
na, kar se izraZza v vecji elektroprevodnosti ter koncentraciji HCO,,
kalcija in magnezija. Prav tako je voda zgornjega vodonosnika bolj
obremenjena z onesnazevali, ki ve¢inoma izhajajo iz kmetijske de-
javnosti. Na osnovi kemijskih znacilnosti podzemnih vod iz obeh
vodonosnikov ocenjujemo, da je napajalno obmocje obeh vodono-
snikov razlicno; zgornji vodonosnik se napaja pretezno iz padavin
ter infiltracije reke Kamniske Bistrice, medtem ko ocenjujemo, da
je v spodnjem vodonosniku vecji delez vode iz karbonatnih kamnin
zahodnega obrobja Kamniskobistriskega polja.

Key words: Kamniskobistrisko polje, aquifer, groundwater, chemical com-

position

Kljucne besede: KamniskobistriSko polje, vodonosnik, podzemna voda,

kemijska sestava

INTRODUCTION

Our research was aimed at deter-
mining the basic chemical prop-
erties of groundwater of the
Kamniskobistrisko polje aquifer. The
aquifer is composed of two parts: the
upper, intergranular aquifer, and the
lower, fissured aquifer in dolomite
rocks. It is recharged by precipita-
tion, by the Kamniska Bistrica river,
flowing into the aquifer from the east,
and by inflows from the hills along
the aquifer’s western border. Chemi-
cal analyses of groundwater from dif-
ferent parts of the aquifer were used
for a more detailed determination of
the influence of recharge, lithologi-
cal factors and anthropogenic pollu-
tion on the chemical composition of
groundwater.

DESCRIPTION OF THE
KAMNISKOBISTRISKO POLJE AQUIFER

The Kamniskobistrisko polje allu-
vial plain extends on the gravel fan
of the KamniSka Bistrica river be-
tween cities Kamnik, Menge$S and
Domzale. Its surface is inclined in
the north-south direction, with an
altitude of 340 m at Smarca in the
north, and 285 m at Dragomelj in the
south. The Kamniska Bistrica river
flows along the eastern edge of the
Kamniskobistrisko polje approxi-
mately in direction north-south. At
JarSe, the PSata stream, originating
outside the research area at the foot
of the Kamnik Alps, flows into the
Kamniska Bistrica from the west.
The Radomlja stream flows into the
Kamniska Bistrica from the east.
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The surface of the gravel fan of the
KamniSka Bistrica is formed by an
8-12 m thick layer of pure gravel.
South of the road Trzin-Domzale the
gravel is partly covered by a several
meter-thick layer of sand and silt, de-
posited by the Psata stream.

The upper gravel layer is underlain
with older Pleistocene gravel deposits
with inlays of conglomerate and clay.
These deposits reach a depth from 35 m
to over 70 m in the central part of the
plain between the factory Lek and the
Depala vas. Along the southern edge of
the plain, Pleistocene gravel deposits
are 35 m to 45 m deep, while they are
less massive on the eastern outskirts,
reaching 15 m to 40 m depth.

The base of the sand-gravel deposits
contains dolomite which represents
a carbonate aquifer with fissure po-
rosity. Deep wells located between
Menge$§ and Domzale reach the car-
bonate aquifer at a depth of 50 m to
80 m, and the impermeable base com-
posed of Carboniferous and Permean
clayey shales and sandstones lies 160
m below surface in this area (ROGELJ
& PETAUER, 1993, RoGEeLl, 1998, 1993,
Haranobzic¢, 2011).

The groundwater table in the northern
part of the plain is relatively deep un-
der the surface —22 m to 31 m at low-
water conditions. In the central part of

RMZ-M&G 2012, 59

the plain between JarSe and Menges the
table at low-water conditions is about
22 m deep. In the area between Trzin
and Domzale the groundwater table at
low water is at 7 m to 12 m, while it is
at 2.5 m to 6.5 m in the southern part
of the plain near PSata. The fluctuation
range of groundwater in the area of
Kamniskobistrisko polje gradually de-
creases from north to south, amounting
to about 7 m in the north and only to
about 1 m in the southern part of the
area.

The water-bearing gravel layer in
the KamniskobistriSko polje is quite
thick, amounting to between 32 m and
42 m in the northern part, and to ap-
proximately 80 m in the central part
between Menges and JarSe. The thick-
ness of the water-bearing layer in the
Trzin—-Domzale profile is about 40
m, decreasing to about 840 m in the
south between Dragomelj, PSata and
Than.

Groundwater balance calculation in the
upper aquifer shows an inflow of about
140 1/s of groundwater from Kranjsko
polje into the Kamniskobistrisko polje
at medium-water conditions (MENCEJ,
1991). The groundwater flow in the
central part at the intersection with the
Trzin—-Domzale aquifer is estimated
at 170 1/s, and at about 400 1/s in the
southern part of the plain, in the Drag-
omelj—Than profile.
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MATERIALS AND METHODS

Chemical and isotopic properties of groundwater from the Kamniskobistrisko
polje were observed at the following monitoring points:

Monitoring point Type of object Aquifer
DG-1 pumping well lower
VDG-2 observation well lower
VDG-3 observation well lower
VDG-4 observation well lower
C-2 pumping well upper
C-3 pumping well upper
Cc-4 pumping well upper
Lek pumping station pumping well upper
DG-3 observation well upper
K-1 observation well upper
L-6 observation well upper
L-9 observation well upper
M-1 pumping well dolomite

Locations of monitoring points are evi-
dent from the map in Figure 1.

The groundwater samples were ob-
tained by sampling pump Grundfos
MP1. Two groundwater sampling cam-
paigns were carried out in April and
May 2011 in the Kamniskobistrisko
polje aquifer. A graphical presentation
of average values from both samplings
is given below in this article. Chemical
analyses of groundwater samples were
carried out in the laboratory of JP Vo-
dovod-Kanalizacija, d. o. o., Ljubljana.

RESULTS AND DISCUSSION

Electrical conductivity

Electrical conductivity of ground-
water in unpolluted groundwater is
usually in correlation with the con-
centration of dissolved carbonates in
water, i.e. with carbonate hardness of
water. Measurement results of electri-
cal conductivity of groundwater of the
Kamniskobistrisko polje are presented
in Figure 2.
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Figure 1. Monitoring point locations in the Kamniskobistrisko polje
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Figure 2. Electrical conductivity of groundwater of the Kamniskobistrisko

polje aquifer

Most values of electrical conduc-
tivity in the groundwater of the
KamniskobistriSko polje range be-
tween 500 uS/cm and 600 uS/cm. Sig-
nificantly lower values between 300
pS/cm and 350 puS/cm were measured
in water from the deep dolomite aqui-
fer, in well M-1, which also comprises
the dolomite on the western fringes of
the KamniskobistriSko polje, and in pi-
ezometer K-1, which is located in the
northern part of the KamniskobistriSko
polje near Duplica.

The lower values of electrical con-
ductivity in the wells from the low-
er dolomite aquifer reflect a lesser
quantity of dissolved carbonates in
groundwater, which indicates that the
hydrochemical properties of both ag-

uifers are distinctly different due to
their different recharge areas of pre-
cipitation.

A deviation from the typical values
of electrical conductivity in the lower
dolomite aquifer is observed only in
the deep well VDG-4, which has a
slightly lower value than water from
other observation points in the upper
Kamniskobistrisko polje aquifer, and
higher than water from the lower aq-
uifer. Similar characteristics of well
VDG-4 are observed also with regard
to other hydrochemical and isotope pa-
rameters, which are presented further
in this report. Thus it can be concluded
that water from the lower and upper
aquifer of the KamnisSkobistri§ko polje
1s mixed in this well.
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HCO, in groundwater

It is evident from Figure 3 that a
higher concentration of HCO; is ob-
served in groundwater from the upper
Kamniskobistrisko polje aquifer, where
HCO, concentrations range between
300 mg/l and 380 mg/l, whereas water
from deep wells in the lower dolomite
aquifer shows lower concentrations of
HCO,, between 220 mg/l and 250 mg/1.
Ahigher concentration of HCO, reflects
a low-altitude aquifer recharge area in
the Kamniskobistrisko polje, where the
production of soil CO, is bigger due to
a higher average soil temperature. This
in turn results also in a higher minerali-
zation of groundwater.

Map on Figure 4 shows
characteristics of the

spatial
HCO, pa-
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rameter in groundwater from the
Kamniskobistrisko polje aquifer.

Because the HCO, parameter, similar
as electrical conductivity, reflects the
quantity of dissolved carbonate in wa-
ter, a considerable degree of correlation
between the two parameters may be
expected. Figure 5 shows the relation
between electrical conductivity and the
concentration of HCO, in groundwater
from the Kamniskobistrisko polje. The
chart also clearly shows the substantial
difference between the carbonate chem-
istry of water from the upper and lower
aquifer of the KamniSkobistrisko polje.

Calcium and magnesium
Figure 6 presents the characteristics of
calcium and magnesium distribution in
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Figure 4. Spatial characteristics of HCO, concentration in groundwater
from the Kamniskobistrisko polje aquifer
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the KamniskobistriSko polje ground-
water.

Values of calcium content in ground-
water from the lower aquifer are about
50 mg/l, whereas they are considerably
higher in the upper aquifer, approxi-
mately between 80 mg/l and 110 mg/1.

Compared to calcium, magnesium
concentration in groundwater from the
KamniskobistrisSko polje show a sub-
stantially smaller span, from 19 mg/I
to 24 mg/l. In this case the difference
between groundwater from the upper
and lower aquifer is not as pronounced.

The characteristics of the molar ratio
between calcium and magnesium in the
groundwater of the KamniSkobistrisko
polje are shown in Figure 7. Most val-
ues of the Ca/Mg molar ratio in the up-
per aquifer lie in the interval between
2.5 and 3.5, which means a marked
predominence of calcium from lime-
stone in the aquifer’s recharge area. In
the lower aquifer the molar ratio is be-
tween 1.3 and 1.6, which is close to the
theoretical ratio typical of dolomites.

On the basis of these facts it can be con-
cluded that dolomites prevail in the re-
charge area of the lower aquifer, while
the upper aquifer’s recharge area is
composed of considerably more lime-
stone rocks. We can assume that the
lower aquifer mainly recharges in the
dolomites outcropping on the western

border of the KamniskobistrisSko polje
in the area of Dobeno, Debeli Vrh and
Sinkov Turn.

Groundwater nitrate

Nitrates in groundwater usually origi-
nate from the use of fertilizers on ag-
ricultural areas or from the influence
of waste water on the aquifer. Because
waste water drainage is regulated in
this area, we assume that nitrates in
the KamniSkobistrisko polje aquifer
mostly originate from agricultural ac-
tivities.

Figure 8 shows average nitrate concen-
trations in individual monitoring facili-
ties in the area of the Kamniskobistrisko
polje.

Most nitrate concentrations in the up-
per KamniskobistriSko polje aquifer
lie within the interval between 25 mg/1
and 40 mg/l. Markedly lower nitrate
concentrations are observed in the
lower KamniskobistriSko polje aqui-
fer, where they average at 6 mg/I at the
most.

Sodium and chlorides

The average concentration of sodium
and chlorides in the groundwater of the
KamniskobistrisSko polje is presented
in Figure 10.

The lowest sodium and chloride con-
tents are found in groundwater from

the lower KamniSkobistrisko polje
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Figure 7. Molar ratio between calcium and magnesium in the groundwater
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Figure 8. Average nitrate concentrations in the groundwater of the
Kamniskobistrisko polje
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Figure 9. Characteristics of spatial distribution of nitrates in the ground-
water of the Kamniskobistrisko polje
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aquifer, the values never exceeding 5
mg/l. A typical chloride concentration
is about 10 mg/1.

In some cases also higher chloride
concentrations were measured. The
highest concentration of chlorides, 27
mg/l, was measured in well L-6 in the
central part of the KamniSkobistrisko
polje. Because the well is located near
traffic or parking areas, we suppose
that chlorides in this area are mainly a
result of salting of roads against frost.

This interpretation is confirmed also
by Figure 11 which shows the corre-
lation between chlorides and nitrates
in groundwater. On the chart, only the
two monitoring points (K-1 and L-6)
located in proximity to roads deviate
from the regression line in the direc-
tion of relatively higher chloride con-
centration.

CONCLUSIONS
Hydrochemical investigations  of
groundwater in the area of the

KamniSkobistrisko polje show that
groundwater of the upper gravel aq-
uifer has a fairly different chemical
composition than that of the lower do-
lomite aquifer, which is a result of dif-
ferent recharge areas of both aquifers.
The groundwater of the upper aquifer
in sands and gravels is more miner-
alised than groundwater of the lower,

dolomite aquifer. This is reflected in
a higher electrical conductivity of the
water and in the concentrations of
HCO,, calcium and magnesium.

The molar ratio between calcium and
magnesium in the upper aquifer is
higher, which indicates the predomi-
nance of limestone over dolomite in
the aquifer’s recharge area. The molar
ratio between calcium and magnesium
in the lower aquifer is close to 1, which
is typical of pure dolomite recharge ar-
eas. We assume that the main recharge
area of the lower aquifer is the western
border of the Kamniskobistrisko polje
aquifer in the area of Dobeno, Debeli
Vrh and Sinkov Turn, where triasic do-
lomite prevails.

Also the concentrations of pollutants,
such as nitrates and chlorides, are sig-
nificantly higher in the upper, intergran-
ular, than in the lower, dolomite aquifer.
It is assumed that nitrates enter ground-
water mostly through agricultural activ-
ity, while the application of road salt is
the main source of chlorides.
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Abstract: Human influence on soil contamination with metals can only be

established when the real background values are known. Besides par-
ent rock type and climate, vegetation cover can be one of the factors
influencing soil properties. Fifty samples of soils developed on Upper
Triassic dolomite at an elevation of around 600 m and on slopes with
SW insulation were collected. At each of the five locations, four sam-
ples and one replicate were taken from forest-covered area and from
area covered by grass. The Co, Cr, Cu, Ni, Pb and Zn content was
analysed by emission spectroscopy. Very high Co, Cr and Ni values
are natural, typical for karstic soils in Slovenia. An analysis of vari-
ance showed a high analytical error for Pb and Zn, and high variability
at small distances (1 m, 10 m, and 100 m) for Co, Cr, Cu and Ni. This
is the reason why vegetation influence on the metal content was only
proven for Cu. On the contrary, a t-test indicates lower values of all
elements in the forest soils, except Pb, where there seems to be no
difference between soils covered by grass or forest. The reason for the
higher metal content in the meadow soils could be the application of
manures. Vegetation cover should be considered when designing the
sampling and interpreting the data.

Izvlecek: Vpliv ¢loveka na onesnazenost tal s kovinami lahko ugotovimo le,

¢e poznamo prave vrednosti ozadja. Poleg mati¢ne podlage in podne-
bja je eden od dejavnikov, ki vplivajo na lastnosti tal, lahko tudi vege-
tacijski pokrov. Na nadmorski visini 600 m smo na pobocjih vzorcili
50 vzorcev tal, razvitih na zgornjetriasnem dolomitu. Na vsakem od
petih podrocij smo odvzeli $tiri vzorce in eno ponovitev na delu, pora-
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$¢enem z gozdom, in delu, poraséenem s travis¢em. Vsebnost Co, Cr,
Cu, Ni, Pb in Zn je bila doloc¢ena z emisijsko spektroskopijo. Izredno
visoke vsebnosti Co, Cr in Ni so naravne in znacilne za kraska tla v
Sloveniji. Analiza variance je pokazala visoko analitsko napako Pb
in Zn ter veliko spremenljivost Co, Cr, Cu in Ni na majhni razdalji
(1 m, 10 m in 100 m). Zato je vpliv vegetacije na vsebnost tezkih
kovin z analizo variance potrjen le za Cu. Nasprotno, t-test kaze v
gozdnih tleh nizje vsebnosti vseh prvin, razen Pb, kjer je videti, da
ni razlik med tlemi, poras¢enimi z gozdom ali travis¢em. Razlog za
vi§je vsebnosti kovin v tleh bi lahko bilo gnojenje. Pri nacrtovanju
vzorcenja in interpretaciji rezultatov bi morali upoStevati vrsto ra-

stlinske poras¢enosti.

Key words: soil, metals, vegetation

Kljuc¢ne besede: tla, tezke kovine, vegetacija

INTRODUCTION

The distribution of most elements in
soils shows a pattern related to geol-
ogy. Geochemical surveys reveal pat-
terns of a geochemical signature on the
scale of the selected area, and indicate
the different factors influencing these
patterns, notably bedrock geology, cli-
mate and human influences (DE Vos
& TARVAINEN, 2006). With time, soil-
forming processes modify the basic
geochemical composition and redis-
tribute the content of metals within the
soil profile (Bmi et al., 2011). In their
study of the FOREGS database, IMRIE
et al. (2008) reported that the overall
distribution of geochemical elements
in European topsoils follows diverse
patterns that can be explained by vari-
ous processes occurring on different
spatial scales. They concluded that the

geochemical variation on short scales
chiefly depends on local variations of
lithology, land use, weathering pro-
cesses and organic matter content.

Vegetation is a well-known key fac-
tor governing soil-forming processes.
A diversity of vegetation can lead
to different stages of soil formation,
soil profiles and soil types (KUFMANN,
2003). In certain climatic conditions,
vegetation influences the status of
trace elements by affecting their re-
lease, migration, transformation and
transportation (ZHANG et al., 2002).
Some authors try to eliminate at least
some effects of pedogenic processes
by, for example, sampling just for-
est soils (DE Vos & TARVAINEN, 2006;
Bini et al., 2011), which is not always
possible. Others seek to establish how
different land use and/or vegetation
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cover may influence metal accumula-
tion in soils (Bar et al., 2010; Baize
& STERCKEMAN, 2001; ZHANG et al.,
2002; Xia et al., 2011). ZHao et al.
(2007) even proposed that vegetation
would best proxy the delineation of
the single attribute of urban soils and
can be used as a basis for soil region-
alisation in urban and peri-urban en-
vironments.

To establish anthropogenic soil pol-
lution it is necessary to know what
the real background values are. It is
therefore very important to evaluate
not only the geologic and climatic ef-
fect on soil geochemistry, but also the
biologic one. The presented study was
part of a project to geochemically map
Slovenia which was designed and con-
ceptually guided by Prof. Dr. Simon
Pirc. The aim of this paper is to present
possible differences in the content of
six metals (Co, Cr, Cu, Ni, Pb, and Zn)
in soils developed on the same parent
rock but covered by forest or grassland
in Slovenia.

MATERIALS AND METHODS

As the main purpose of the study was
to establish the influence of vegeta-
tion cover on metal contents in soils,
we tried to minimise all other possible
factors which could affect their con-
tent. Slovenia is prevailingly a carbon-
ate country so we decided to sample
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on Upper Triassic dolomite, which is
supposed to be spatially quite uniform.
The sampling locations were selected
from five different parts of Slovenia
(Postojna, Zaplana, Sti¢na, Dole pri
Litiji, Doli¢ pri Mislinji) representing
variations of climatic conditions in
terms of distance from the sea, but al-
ways at approximately the same eleva-
tion (600 m) and the same inclination
of the slope (SW).

At each sampling location, four soil
samples were taken from the grassland
and four from the forest. At Postojna,
the vegetation type was Carici humi-
lis — Centaureetum rupestris for grass-
land and Querco — Carpinetum for the
forest. At Zaplana, the meadows were
mainly cultivated (Brometalia erecti)
and the forest type was Ostryo — Fa-
getum. At StiCna, the grassland was
covered with Arrehno — thetrtum medi-
oeuropeum and the woods with Fage-
tum submontanum praedinaricum. The
same forest type prevails at Dole pri
Litiji, where the grassland is Bromo —
brachypodietum. Doli¢ was vegetated
with Arrehno — theretum medioeurope-
um on the meadows and with the only
type of coniferous forest — Genisto —
Pinetum. At all of the grassland loca-
tions contamination due to agriculture
was possible to some extent.

Four samples at each location were ar-
ranged in randomly positioned 100 m
long profiles, with samples taken at
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Om, 1 m, 10 m and 100 m from the
starting point. Each sample from the
starting location was split into two
to provide replicate samples to serve
as a control over the accuracy of the
analyses. This sampling strategy ena-
bled a hierarchical nested analysis of
variance (ANOVA) design to be used
along with an estimation of the vari-
ability source and its significance.

A total of 50 soil samples weighing
1.5-2 kg were collected. All organic
soil horizons were removed, and soil
down to a depth of 15 cm was taken.
The soil samples were air dried. About
1 kg of every sample was ground, split
and sieved to produce a 20 g sample
with a grain size of less than 0.063
mm. The chemical composition of the
samples was determined at the Kemijs-
ki inStitut (National Institute of Chem-
istry, Ljubljana, Slovenia) by emission
spectroscopy.

To control the accuracy of the analysis
five standard materials (GXR-2, GXR-
5 (Allcot & Lakin, 1978), SO-1, SO-
2, SO-3 (Abbey, 1983)) were added.
The Co, Cr and Zn accuracy was es-
tablished good, Cu, Ni, and Pb satis-
factory. Precision was estimated from
ANOVA of repeated soil samples and a
calculation of the coefficients of varia-
tion (CV) for five replicate analyses of
each standard material. Generally, ana-
lytical error is below 10 % for Co, Cr,
Cu and Ni and close to 30 % for Pb and
Zn. The interpretation of the last two
elements requires some caution.

RESULTS

Analytical results with the ANOVA
scheme are presented in Table 1,
whereas descriptive statistics of all
samples and both vegetation groups
are shown in Table 2.

Table 1. Analysis of variance (ANOVA) design and metal content (mg kg™') for 50 soil
samples from Upper Triassic dolomite from Slovenia.

sample  vegetation location 100m 10m
sl forest Postojna 1 1
s2 forest Postojna 1 1
s3 forest Postojna 1 1
s4 forest Postojna 1 2
s5 forest Postojna 2 1
s6 forest Zaplana 1 1
s7 forest Zaplana 1 1
s8 forest Zaplana 1 1
s9 forest Zaplana 1 2

Im anaytics Co Cr Cu Ni Pb Zn
1 1 14 75 17 40 33 5l
1 2 16 67 13 32 65 30
2 I 12 117 117 7 40 49
1 I 14 102 16 59 11 22
1 I 37 135 32 102 22 65
1 I 20 98 17 59 30 52
1 2 23 100 22 76 49 60
2 1 34 165 27 117 39 64
1 I 26 132 22 103 35 34
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s10 forest Zaplana 2 1 1 1 43 170 34 133 36 84
sl forest Sti¢na 1 1 1 1 16 70 21 47 25 35
s12 forest Sti¢na 1 1 1 2 10 82 21 48 34 53
s13 forest Sti¢na 1 1 2 1 12 85 85 9 41 123
sl4 forest Sti¢na 1 2 1 1 16 87 18 43 65 74
s15 forest Sti¢na 2 1 1 1 24 62 18 39 35 70
s16 forest Dole 1 1 1 I 33 190 22 70 29 49
s17 forest Dole 1 1 1 2 25 170 25 75 39 43
s18 forest Dole 1 1 2 1 33 167 25 90 2 40
s19 forest Dole 1 2 1 1 29 190 36 93 48 90
s20 forest Dole 2 1 1 I 21 114 20 61 13 18
s21 forest Doli¢ 1 1 1 1 10 42 17 22 45 53
s22 forest Doli¢ 1 1 1 2 9 42 18 20 52 12
s23 forest Doli¢ 1 1 2 1 3 25 33 13 14 66
s24 forest Doli¢ 1 2 1 1 15 50 10 26 37 47
s25 forest Doli¢ 2 1 1 1 10 53 12 30 255 275
s26 meadow Postojna 1 1 1 I 25 175 27 80 34 93
s27 meadow Postojna 1 1 1 2 29 171 28 76 26 49
s28 meadow Postojna 1 1 2 I 32 200 26 89 40 54
s29 meadow Postojna 1 2 1 1 12 90 19 59 32 34
s30 meadow Postojna 2 1 1 1 16 205 32 84 165 270
s31 meadow Zaplana 1 1 1 1 28 140 33 99 16 33
s32 meadow Zaplana 1 1 1 2 35 185 32 112 42 86
s33 meadow Zaplana 1 1 2 1 28 140 24 102 13 31
s34 meadow Zaplana 1 2 1 1 27 175 30 85 33 100
s35 meadow Zaplana 2 1 1 1 48 230 31 119 20 21
s36 meadow Sti¢na 1 1 1 I 51 160 28 61 37 61
s37 meadow Sti¢na 1 1 1 2 46 175 24 60 37 49
s38 meadow Sti¢na 1 1 2 1 65 250 31 8 58 65
s39 meadow Sti¢na 1 2 1 1 60 175 38 70 62 100
s40 meadow Sti¢na 2 1 1 1 41 125 35 65 80 710
s41 meadow Dole 1 1 1 1 43 193 32 74 34 66
s42 meadow Dole 1 1 1 2 41 142 34 72 29 119
s43 meadow Dole 1 1 2 I 52 202 50 79 58 89
s44 meadow Dole 1 2 1 1 41 140 43 95 16 42
s45 meadow Dole 2 1 1 1 32 130 29 74 18 63
s46 meadow Doli¢ 1 1 1 1 18 75 28 34 35 58
s47 meadow Doli¢ 1 1 1 2 19 95 27 37 24 66
s48 meadow Doli¢ 1 1 2 I 19 89 29 41 28 155
s49 meadow Doli¢ 1 2 1 1 25 83 27 42 21 56
s50 meadow Doli¢ 2 1 1 1 10 57 17 26 20 50
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Table 2. Descriptive statistics of metals (mg kg™) for all 50 soil samples, and for the for-
est and meadow subgroups. Corrected Mean — Mean of data where outliers were replaced
by the average of the element, SD — Standard Deviation, CV — Coefficient of Variation,
Skew. — Skewness, Kurt. — Kurtosis, S-W — normality according to Shapiro-Wilk’s test.

All Mean Corrected Median Min
Mean
Co 26.96 26.96 25 3
Cr 127.84 127.84 131 25
Cu 29.04 26.12 27 10
Ni 64.68 64.68 68
Pb 41.44 34.70 35 2
Zn 81.58 60.54 57 12
Forest
Co 20.20 20.20 16 3
Cr 103.60 103.60 98 25
Cu 27.92 22.08 21 10
Ni 56.56 56.56 48 7
Pb 43.76 35.32 36 2
Zn 62.36 51.40 52 12
Meadow
Co 33.72 33.72 32 10
Cr 152.08 152.08 160 57
Cu 30.16 30.16 29 17
Ni 72.80 72.80 74 26
Pb 39.12 34.08 33 13
Zn 100.80 69.68 63 21

The metal abundance sequence var-
ies somewhat regarding all the data
or separate groups and also if we take
mean or median values as a measure
of it. Most commonly, it is Cr > Zn
or Ni > Pb > Cu or Co. The highest
values of Co, Cr and Zn are found in
the Sti¢na grasslands, Ni in the Zapla-
na forest and Pb in the Doli¢ forest.
The lowest values of all elements are

Max SD CV  Skew. Kurt. S-W
65 14.293 53.0 0.68 -0.05 yes
250  55.233 432 0.09 -0.93 yes
117  17.137 59.0 353 1563 no
133 30.873 47.7 0.04 -0.69 yes
255 39.160 94.5 4.06 19.60 no
710 103.739 127.2 496 2843 no
43 10.210 50.55 0.55 -0.47 yes
190 49.569 47.85 036 -1.01 yes
117 23.463 84.04 305 964 no
133 35.008 61.90 0.51 -0.58 yes
255  46.574 106.43 4.15 1931 no
275 50.398 80.82 335 1380 no
65 14752 4375 036 -0.56 yes
250 50.470 33.19 -0.14 -0.65 yes
50 6.817 22.60 090 243 yes
119 24145 33.17 -0.17 -039 yes
165 30.831 78.81 3.10 11.76 no
710 136.610 135.53 4.06 1790 no

always found in forests — Co, Cr, Cu
and Zn in Doli¢, Ni in Postojna and
Pb in Dole. The variation sequence
according to CV also differs for all
data, forest and grassland, but the val-
ues are very high in all cases. For all
data, it is Zn > Pb > Cu > Co > Cr >
Ni, for forest Pb > Cu > Zn > Ni > Co
> Cr and for grassland Zn > Pb > Co
> Cr > Ni> Cu.
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Most statistical analyses demand a
normal distribution of the data. The
normality of the distribution was test-
ed visually from histogram and normal
probability plots, with comparisons of
the mean, geometric mean and median,
testing of skewness and kurtosis and
with Shapiro-Wilk’s test, as proposed
by Mabpansky (1988). The distribu-
tion is not normal for Co, Cr and Ni
and extremely positively skewed for
Cu, Pb and Zn. For all three elements,
the deviation from normality is mainly
caused by five outliers (s3, s13, s25,
$30 and s40), with three of them being
in forests (Postojna, Sti¢na, Doli¢) and
two in meadows (Postojna and Sti¢na).
Except in outlier s3 where only the Cu,
and s40 where only the Zn content is
very high, in the rest of them two ele-
ments exhibit extreme values — in s13
Cu and Zn, in s25 and s30 Pb and Zn.
Omitting outliers from the datasets im-
proves the distribution to normal. Co-
efficients of variation remain around
30 due to the very low values recorded
for every analysed element. As it was
uncertain if the extreme values are real
or perhaps just the consequence of an
error, we transformed all the data to
a more symmetric distribution with a
Box-Cox transformation (Box & Cox,
1964). This transformation improved
the normality of the distribution of all
variables except Pb, which remained a
little skewed. If we replace the outli-
ers of critical elements with mean val-
ues for the appropriate vegetation type
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(forest Cu 28, Pb 44, Zn 62, and mead-
ow Pb 39, Zn 101), the distributions
become normal for all elements except
Zn. All of the statistical analyses were
performed with parametric statistics
for the Box-Cox transformed data and
the data with outliers changed by mean
values — so-called corrected data. The
results with the original data are pre-
sented in the box-whisker diagrams.

The correlations were computed on
raw data (Table 3), mean-replaced out-
liers data, and Box-Cox transformed
data with a nonparametric Spearman
correlation coefficient as proposed by
Swan & SanpiLanps (1995). All three
matrices are similar, showing a really
good correlation among Co — Cr — Ni
and a less persuasive one of Cu with
this group of elements, and Zn and be-
tween Pb, and Zn.

Table 3. Nonparametric Spearman correla-
tion coefficients of raw data (n = 50). The 95
% statistically significant values are in bold.

Co
Cr 0.79 Cr
Cu 0.54 0.54 Cu
Ni 0.73 0.78  0.39 Ni
Pb 0.01 0.08 005 -0.12 Pb
Zn 0.18 0.18 046 0.01 0.45

The comparison of the metal content
in soils covered with different types
of vegetation was first assessed with a
t-test. The Box-Cox transformed data
results (Table 4) indicate statistically
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significant differences in Co, Cr, Cu
and Ni content between the forest and
grassland soils. Data with the replaced
outliers (Table 4) give the same result
for Co, Cr and Cu as the Box-Cox trans-
formed data, but show no differences in
Ni and in addition differences in Zn.

Raw data (Table 2, Figure 1) generally
show a lower mean content of all ele-
ments, except Pb in the forest soils and
the high variability of Cu and Pb in the
forest and Zn in the meadow soils. En-
richment in meadow soils is most pro-
nounced for Co (1.7-times), followed
by Zn (1.6-times), Cr (1.5-times), Ni
(1.3-times ) and Cu (1.1-times ). If we
disregard the outliers, the sequence is
Co (1. 7-times ), Cr (1.5-times ), Cu
(1.4-times ) = Zn (1.4-times ) and Ni
(1.3-times ). In both cases, the Pb values
are just a little higher in the forest soils.

Table 4. t-test and F-test results of Box-
Cox transformed (first row) and corrected
(second row) data. Statistically significant
results are in bold.

t p F p

Co -3.76 0.00 1.14 0.76
-3.77 0.00 2.09 0.08

Cr -3.44 0.00 1.16 0.72
-3.43 0.00 1.04 0.93

Cu -2.55 0.01 5.53 0.00
—4.14 0.00 1.05 0.91

Ni -2.03 0.05 2.26 0.05
-1.91 0.06 2.10 0.07

Pb 0.04 0.97 1.90 0.12
0.28 0.78 1.12 0.78

Zn -1.73 0.09 1.08 0.85
—2.47 0.02 2.64 0.02

The high variability of the data and/
or the existence of outliers seem to
hinder the interpretation so a hierar-
chical nested analysis of variance was
performed taking the influence of not
only vegetation into consideration,
but also the geographical position of
the sampling location, the place of the
sample in each sampling profile and
analytical replications. A method using
the expected MS and a Type I1I calcu-
lation of SS was applied. The results
for the Box-Cox transformed data and
corrected data are presented in Table 5
and Figure 2. It is obvious that the veg-
etation type is never the main source
of variation for any element. The influ-
ence of vegetation is highest for cor-
rected values of Cu (28 %), where it
is also statistically significant. For Co
and Cr, the proportion for the vegeta-
tion level is around 15 %, but not sig-
nificant, for corrected Zn around 10 %,
and practically 0 for Ni, Pb and non-
corrected Zn. The statistical signifi-
cance of the corrected Zn is unreliable
due to high analytical error. The same
is true for the corrected Pb and non-
corrected Zn results so any further sta-
tistical inference regarding these two
elements is limited. A quite obvious
feature of the data is the statistically
significant variability at a small scale,
i.e. comparison of 0 m and 1 m, for Co,
Cr, Cu, Ni and it seems that it could
also hold true for Pb and Zn. It is sig-
nificant and within a range of between
10 % for Co to 75 % (50 % for cor-
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and for Cr and Ni it is location. For all
of them, variance at the location level
comprises 20—-60 %.

rected data) for Cu. For Co, the next
statistically significant source of vari-
ance is variability on a 100 m scale,
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Figure 1. Box-whisker graphs of metals (mg kg™') in the forest and mead-
ow soils. Entral dot — Mean, box — Mean + Standard error, whisker — Non-
Outlier Range, external dots — outliers.

Table 5. Hierarchical nested ANOVA results for Box-Cox (first row) and replaced outli-
ers (second row) data. Statistically significant differences at 95 % probability are shown

in bold.

Vegetation Location 100 m 10 m Im Analytics

Co 13.8 414 24.4 5.6 9.8 5.0
15.2 37.9 32.2 0.0 10.2 4.5

Cr 15.6 47.6 14.0 0.4 15.1 7.3
16.3 42.5 16.0 0.0 16.8 8.4

Cu 8.6 12.2 0.0 0.0 75.1 3.7
28.0 5.0 14.9 0.0 47.9 4.2

Ni 0.0 57.1 154 0.0 25.3 2.3
0.0 57.2 17.7 0.0 22.7 2.4

Pb 0.0 8.5 29.4 0.0 47.9 14.2
0.0 332 0.0 10.2 25.5 31.1

Zn 1.5 0.0 56.0 34 0.0 39.2
9.7 0.0 0.0 19.4 18.9 52.0
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Figure 2. Estimated relative Variance (%) the contributions of vegetation,
location, 100 m, 10 m, 1 m and analytical error factors for metals in soils.

DiscussioN

Before making any conclusions about
the role of vegetation cover in metal
content in soils, it is important to es-
tablish that we are dealing with natural
values and that the soils are not pol-
luted due to human activity.

The observed Co, Cr and Ni values
are quite high. Their mean values for
both vegetation types and even median
values for the meadows are above the
Slovenian legal limit (Uradni list RS,
1996) and in the case of Cr and Ni even

above the action value (Table 6). They
are also above the Slovenian (PrRc &
SAIN, 1997) and European median val-
ues (DE Vos & TArvaINen, 2006). For
Cu, Pb and Zn the mean and median
values are within the normal range for
Slovenia and Europe (Table 6).

Only 19 individual Co values are be-
low 20 mg kg!, with the majority of
them being sampled in forest at the
Doli¢ location. Four values higher
than 50 mg kg™' were all sampled in
Sti¢na (three) and Dole (one) grass-
lands. The high Co values in soil are
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very often geogene, related to mafic
or ultramafic rocks, but they could
also be the result of adsorption and
coprecipitation processes with Fe
and/or Mn from lithologies rich in
these metals. Co may also bind to
humic and fulvic acids and inorganic
colloids (Qian et al., 1998). The karst
soils of Slovenia exhibit a high Co
content > 14.4 mg kg™' that is prob-
ably related to the bauxite and Fe-
Mn rich rocks (DE Vos & TARVAINEN,
2006).

Nearly the same 19 samples have Cr
values above the limit value of 100
mg kg™ and 19 samples, again mainly
sampled in the meadows, have values
above the action value of 150 mg kg™'.
In soils, Cr behaviour is governed by
pH, Eh and organic matter. Its adsorp-
tion by clays is also highly dependent
on pH. The dominant effect of organic
matter is the stimulation of the reduc-
tion of Cr®" to Cr*, the rate of which
increases with soil acidity (KABATA-
PenpIAs & PenDIAs, 2001). DE Vos &
TARVAINEN (2006) reported that high Cr
values in Slovenia are found over car-
bonate rocks so the observed contents
seem to be natural.

Also for Ni, only 17 values below the
limit (50 mg kg™') are observed main-
ly in the forest soils and at the Doli¢
location. Twenty-five values mainly
from the Zaplana and Dole forests and
grasslands are even above the action
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value (70 mg kg™'). Organic matter can
contain Ni concentrations in excess
of 50 mg kg!, but high values of Ni
(>37.4 mg kg') are found in Slovenia
in residual soils over carbonate rocks
(DE Vos & TARVAINEN, 2006).

Several authors (DE Vos & TARVAINEN,
2006; ZHANG et al., 2002) have estab-
lished a strong correlation between Co,
Ni, Cr and Cu, which is also the case
in our study. Spearman’s correlation
coefficients above 0.7 support a simi-
lar geochemical behaviour and origin
of Co, Cr and Ni. The observed high
values seem to be natural and not influ-
enced by human activity.

Cu content is above the limit value of
60 mg kg 'only in one forest sample
from Sti¢na and one from Postojna.
In both sampling areas no obvious
pollution source was documented
and the nearby samples also do not
exhibit any Cu increase. The reason
for the elevated Cu could be analyti-
cal error or natural local concentra-
tion due to one or a combination of
reasons. In unmineralised sediments,
Cu concentrations are principally
determined by mafic detritus, sec-
ondary Fe and Mn oxides (FORBEs et
al., 1976), clay minerals (HEYDEMAN,
1959) and organic matter (STEVENSON
& ARDAKANI, 1972). Further, the af-
finity of Cu for natural organic matter
has been widely documented (RasHID,
1974; RipPEY, 1982).
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Table 6. A comparison of the forest and meadow soils’ metal content (mg kg™') with
other work. All values are rounded off to the nearest integer value: a — Uradni list RS,
68/96 (1996), b— Pirc & SaN (1997), ¢ — DE Vos & TARVAINEN (2006)

Co

This study Me forest 16

Me meadow 32

This study Mean forest 20

Mean meadow 34

Slovene Law®*  Limit Value 20

Slovene Law®  Action value 50

Slovene Law®  Critical Value 240
Slovenia® Me

Europe® Me 8

The quality of the Pb and Zn analytics
is not sufficient to allow any serious
interpretation. In spite of this, some
comments are presented. Just two Pb
values, one from a Postojna meadow
and the other from a Doli¢ forest, are
above the Slovenian legal action val-
ue. In both cases, this could be just an
analytical error or a natural reason. Pb
in soils is mainly associated with clay
minerals, Mn oxides, Fe and Al hy-
droxides and organic matter. In some
soil types, Pb may be highly concen-
trated in Ca carbonate particles (Ka-
BATA-PENDIAS & PENDIAS, 2001).

In the same two samples the Zn limit
value is also exceeded. In one sample
from the Sti¢na meadows the Zn con-
tent is very close to the critical value.
Zn content in soil depends on the na-
ture of the parent rocks, texture, organ-
ic matter and pH, and ranges from 10
mg kg!' to 300 mg kg! (MIHALJEVIC,

Cr Cu Ni Pb Zn
98 21 48 36 52
160 29 74 33 63
104 28 57 44 62
152 30 73 39 101
100 60 50 85 200
150 100 70 100 300
380 300 210 530 720
42 23 31 34 77
60 13 18 23 52

1999). Since Zn is easily adsorbed by
mineral and organic components in
most soil types, it normally accumu-
lates in the surface horizons (KABATA-
Penpias & Penpias, 2001). High Zn
values (>76 mg kg') occur in karstic
Slovenia (DE Vos & TARVAINEN, 2006).
The three observed values are above
this, but could still be just a coinci-
dence and do not prove pollution. No
possible contamination was estab-
lished at the mentioned locations and
the samples from very near positions
have a normal Zn content.

In subsoil and topsoil Pb is strongly
correlated with Zn (Baize & STERCKE-
MAN, 2001), which is also true for our
data.

A simple comparison of the forest and
meadow metal contents in the soils in-
dicates lower values of Co, Cr, Cu, Ni
and Zn in forest soils and the nearly
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equal content of Pb in both types. For
the first four elements, the difference is
statistically significant at a 95 % prob-
ability level. An analysis of variance
was unable to confirm the result, except
for Cu, due to the very high variability
at lower levels, especially the location,
100 m and 1 m. Our results are in line
with Bar et al. (2010) who established
a relatively large difference in the ef-
fect of the accumulation of Cr, Ni, Cu,
and Zn in soils under different land use
patterns (i.e. greenhouse, vegetable
field, maize field and forest field), ex-
cept Pb, with less accumulation in the
forest soils. The agricultural chemical
compound and application of manures,
especially the quantity and quality of
the applied fertilisers, is a main factor
leading to the different accumulation
of metals in soils (Bar et al., 2010),
which could at least also hold true for
the meadows.

On the contrary, in their study ZHANG
et al. (2002) claimed that the total con-
centrations of trace elements followed
the pattern: farmland = shrub > for-
ests > meadow > prairie > marsh and
others. Also some other authors have
found higher values of some elements
in forest compared with grassland or
agricultural soils, for example Baize &
STErckEMAN (2001) for Zn and Cd and
Rusian et al. (2006) for Cd and Co. In
the latter case, the differences were not
statistically significant. BAIZE & STER-
CKEMAN (2001) explain the difference
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as a consequence of unequal inherit-
ance between the thinner very clayey
soils below the wood, and the thicker
less clayey soils of the cultivated part.
It seems that to make a detailed inter-
pretation of metals in soils a precise
determination of the pedological and
mineralogical characteristics should
also be considered, i.e. the type and
content of clay minerals, organic mat-
ter and soil pH.

CONCLUSIONS

The influence of vegetation cover, i.e.
forest and meadow, on the Co, Cr, Cu,
Ni, Pb and Zn content in soils was test-
ed at five locations where four samples
were taken at different distances from
the starting point. According to the
added standard materials and replicate
samples, the analytics proved satisfac-
tory for Co, Cr, Cu, and Ni, but was
less good for Pb and Zn.

The metal abundance sequence is in
most cases Cr > Zn or Ni > Pb > Cu
or Co. The data variation is quite high
with extremely low and high values.
When considering the whole dataset it
is Zn>Pb > Cu > Co > Cr > Ni.

Due to the outliers, the distribution of
no elements for all samples is normal.
Normality was achieved by a Box-Cox
transformation and by replacing ex-
tremely high values with mean values
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for selected elements in appropriate
soils, i.e. grass or forest covered.

Although Co, Cr and Ni exhibit very
high absolute values, which even ex-
ceed the limits permitted by Slovenian
law in the majority of samples, one can
be relatively confident that they are not
caused by pollution. They are prob-
ably related to bauxite and Fe-Mn rich
carbonates, which are typical for some
karstic soils developed on carbonates.
They are also highly correlated, which
could support their common origin.

The Cu, Pb and Zn values are higher
than expected just in a few cases.
We could not establish any pollution
source so we interpret these values as
accidental. It is unsure if the observed
values are some kind of analytical er-
ror or just natural variability in clay
and/or organic matter content in soils.

The analysis of variance helped reveal
very variable geochemical conditions
on a small scale, i.e. the statistically
different element content of samples
from the same location and under the
same vegetation cover in the profiles
where samples were just 1 m, 10 m or
100 m apart. Moreover the variance
component due to different sampling
locations (Postojna, Zaplana, Sti¢na,
Dole and Doli¢) is quite high (approxi-
mately 30 % to 60 %) for Co, Cr, Ni
and Pb, but statistically significant
only for Cr and Ni, as for the other

three elements the high variability at
lower levels (Co on 100 m, Cuon 1 m,
Pb on 1 m or analytics and Zn on 100
m and analytics) prevented any statisti-
cally significant confirmation of higher
factors.

The high variability at lower levels
is also a reason why the analysis of
variance did not prove the influence
of vegetation cover on metal content
in soil, except for Cu in the case of
corrected data. The share of variance
in the case of the corrected Cu data is
nearly 30 %, but half of that for Co and
Cr, practically zero for Ni and Pb, and
around 10 % for the corrected Zn. In
spite of this, a t-test managed to show
statistically significantly higher wval-
ues of all elements, except Pb, in the
soils covered by grassland. The rea-
son for the higher metal content in the
meadow soils could be the application
of manures. In our study, the meadow
soils are 1.7-times enriched with Co,
1.6-times with Zn, 1.5-times with
Cr, 1.3-times with Ni, and 1.1-times
with Cu regarding the forest soil. If we
disregard the outliers, the sequence is
Co (1.7-times ), Cr (1.5-times ), Cu
(1.4-times ) = Zn (1.4-times ) and Ni
(1.3-times ). In both cases, the Pb val-
ues are just a little higher in the for-
est soils. In the case of Pb and Zn, the
results are merely indicative due to
the low analytical quality. We can still
conclude that, where possible, vegeta-
tion cover should be considered when
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designing the sampling and interpret-
ing the data.
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Sedemdeset let Zivljenja in dela profesorja geologije
dr. JoZeta Carja

! Joze Car se je rodil 23. aprila 1942 v Idriji. Po diplomi
iz geologije leta 1968 se je zaposlil v rudniku Zivega
srebra v Idriji. Kot rudniSki geolog, na koncu tudi vodja
rudniske geoloske sluzbe, je bil v zelo kompleksnih
geoloskih razmerah rudiS¢a vrsto let odgovoren
| za reSevanje operativnih problemov, ki so pogosto
zahtevali sprotni odziv, predvsem pa izjemno geoloSko
znanje, prostorsko predstavo in veliko natan¢nost,
sistemati¢nost in profesionalnost pri geoloskem delu.
Ob Ivanu Mlakarju in Ladislavu Placerju je postal eden
od nosilcev te neformalne idrijske geoloske Sole, ki ji
slovenska geoloska znanost zelo veliko dolguje. Njegova osnovna specializacija
je bila sedimentologija; za to podrocje se je usposabljal tudi v Nemciji. Leta
1985 je zagovarjal doktorsko disertacijo Razvoj srednjetriasnih sedimentov v
idrijskem tektonskem jarku. Vmes je bil nekaj Casa, slede¢ svojemu drugemu
velikemu zanimanju, geologiji krasa, zaposlen kot raziskovalec na InStitutu za
raziskovanje krasa v Postojni.

Leta 1989 je z nazivom izrednega profesorja na Studiju geologije na takratni
Fakulteti za naravoslovje in tehnologijo zacel predavati predmeta Sedimentna
petrologijain Facielna analiza, kasneje Se predmet Tektonika. Njegova predavanja
so bila vedno skrbno pripravljena in podajana, saj je imel pravo Zilico in veliko
veselje do pedagoSkega dela, saj je pred zaposlitvijo na fakulteti ob opravljanju
geoloskega poklica celo 8 let pouceval geologijo na gimnaziji v Idriji. Zelo skrbno
je pripravljal terenske vaje pri svojih predmetih, ki jih je najraje organiziral v
obmocju Idrije in njene okolice, ki ga pac iz svoje prakse najbolje pozna, in kjer
smo Studenti tudi imeli kaj videti in spoznati. Njegove terenske vaje niso bile
izleti, ampak trdo delo, pri katerem smo Studenti pridobivali dragoceno prakti¢no
znanje in izkusnje. Gorje Studentu, ki je na terenskih vajah »zabuSaval« ali ki je
oddal malomarno izdelano porocilo! Profesor je vloZil veliko ¢asa in truda, da je
Studentska porocila pregledal in popravil, tudi slovni¢no, in nas s tem navajal k
doslednemu in profesionalnemu strokovnemu delu.

Kot mentor je kar najpogosteje poudarjal pomen natan¢nega terenskega dela, zlasti
geoloSkega kartiranja, in je Studente upravi¢eno opozarjal, da je to neobhodna

Predstavitev
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podlaga kakr$nega koli tehtnega raziskovalnega dela v geologiji. S svojimi
Studenti, pa tudi s Studenti, ki so pri njem le opravljali kak podiplomski izpit,
ali pa so ga preprosto prosili za pomoc, je na terenu prezivel nestete ure in nanje
prenasal svoje izjemno znanje in izku$nje iz kartiranja. Vedno je zelo zavzeto in
brez zadrzka podpiral svoje Studente pri razvijanju novih idej in dopolnjevanju
znanja v tujini. Na oddelku za geologijo, pa tudi v SirSi strokovni javnosti
je imel veliko avtoriteto. Vedno je bil zelo takten in diplomatski, vendar pa je
nepopustljivo zagovarjal strokovna in eti¢na nacela, ki se jih je trudil vzpostaviti
v pedagoskem in raziskovalnem delovanju na fakulteti in v geoloski stroki.

Po nasem mnenju se je vse prehitro upokojil konec leta 1998, ker so mu to
omogocala leta zaposlitve v rudniku. A tudi pri tem je sledil svoji trezni
zivljenjski modrosti, saj se je Zelel ukvarjati Se s ¢im drugim kot z vse bolj
stresnim profesorskim delom na fakulteti. Profesor spada v krog uglednih
idrijskih intelektualcev in se je vse zivljenje udejstvoval tudi na kuturnem
podrocju, med drugim je denimo urejal Idrijske razglede in revijo Kaplje. Veliko
deluje na podrocju popularizacije geologije v $irsi javnosti, precejSen je tudi
njegov prispevek pri raziskavah zgodovine geoloskih in naravoslovnih raziskav,
zlasti seveda v obmoc¢ju njegove Idrije. Vseeno se tudi po upokojitvi ob¢asno
ukvarja z raziskovalnimi nalogami in ekspertizami in, kot prostodusno prizna,
»kartira, ker ga veseli in da ostane v formi«. Se dolgo ¢asa po upokojitvi se je
zavzeto angaziral pri izvedbi terenskih vaj za Studente na »njegovih« terenih.

Njegov znanstveni prispevek je najvecji na podrocju triasne sedimentologije
in tektonike, posebej iz obmocja srednjetriasnega Idrijskega tektonskega jarka.
Na tem prodrocju je prispeval nekaj kljuc¢nih del. Bil je pionir, v svetovnem
merilu, pri preucevanju vpliva geoloskih struktur na oblikovanje kraskih jam
in vrta¢. Njegovo zadnje veliko delo je geoloska karta idrijsko-cerkljanskega
ozemlja v merilu 1 : 25 000, ki je po eni strani spomenik idrijski geoloski Soli, po
drugi strani pa zakladnica geoloskih podatkov, ki bo Se dolgo ¢asa navdihovala
nadaljnje raziskave tega zanimivega in geolosko pomembnega dela Dinaridov.

Se na mnoga leta, Joze!

Marko Vrabec
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Abstract: In the Kanomlja valley NW of Idrija, previous geomorpho-
logical survey indicated a site where (sub)recent activity of the
Idrija fault may be best preserved in relatively young succession of
terrestrial deposits. In 2011 a set of geophysical investigations fol-
lowed geological reconnaissance of the narrowest area of interest.
A small alluvial plain of the Kanomlja tributary was surveyed by
electrical resistivity tomography and seismic refraction tomogra-
phy. The results showed remarkably clear and converging evidence
of potential activity of the fault in (sub)recent time. A paleoseis-
mological trench is foreseen at the site in late 2012 to further in-
vestigate this phenomenon.

Izvleéek: V Srednji Kanomlji so predhodne geomorfoloske raziskave
nakazale lokacijo, kjer bi se lahko v sorazmerno mladih terestric-
nih sedimentih ohranila sled (sub)recentne aktivnosti Idrijskega
preloma. V letu 2011 smo zato v okolici sistema teras Kanomljine-
ga pritoka Bratuseva grapa izvedli geoloski in geomorfoloski pre-
gled, ki so mu sledile geofizikalne raziskave z metodama elektric-
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ne upornostne tomografije in refrakcijske seizmi¢ne tomografije.
Rezultati nakazujejo relativno mlado aktivnost Idrijskega preloma
na tem obmocju. S preiskavo smo omejili obmocje najvecjih de-
formacij in nakazali obmoc¢je verjetno najmlajSe deformacije, kjer
bomo pred koncem leta 2012 naredili paleoseizmoloski jarek.

Key words: Idrija fault, paleoseismology, active tectonics, Kanomlja
Kljuéne besede: Idrijski prelom, paleoseizmologija, aktivna tektonika,

Kanomlja

INTRODUCTION

The Idrija fault is one of the most, if
not the most, prominent NW-SE ori-
ented (“Dinaric-trending”) structural
features in W Slovenia. It enters the
country at its NW tip, passes the town
of Idrija, the Planina and Cerknica
karst poljes, after which its trace seem-
ingly disappears within the Dinaric
thrust structures further to the south.
The Idrija fault was first described by
LiroLp (1857), and its tectonic impor-
tance and its significance in seismo-
tectonics have been investigated ever
since. In the neighborhood of Idrija,
the fault plane dips 65° to 75° toward
the NE (Car, 2010). The estimated
average dip along the full length of
the fault is 77.5° and its maximum
depth is estimated to 14 km (KASTELIC
& CAraAFA, 2012). The fault formed
during the Miocene as an oblique-
normal fault, and was reactivated as
a dextral strike slip fault at the transi-
tion from the Miocene to the Pliocene
(VraBEC & Fopor, 2006; Car, 2010).
Its activity has been quantified by

several methods. From the cumulative
displacement of the mercury ore body
in the Idrija mine, amounting to 480
m in vertical direction and 2414 m in
horizontal direction (PLACEr, 1982),
a long-term slip-rate at around 0.5
mm per year can be postulated. 8-year
continuous measurements of recent
displacements with a TM-71 exten-
someter in the U¢ja valley in NW Slo-
venia yield average slip-rates at 0.26
mm per year with extreme values up
to 0.54 mm per year (Gosar et al.,
2011; Car & Gosar, 2011). By mod-
eling active fault displacements in the
eastern Adriatic region using a thin-
shell finite element method KASTELIC
& CaraAFa (2012) calculated slip-rates
between 0.06 mm and 0.22 mm per
year for the Idrija fault with 0.10 mm
per year on the average.

The strongest historic seismic event
on the Idrija fault might be the de-
structive W Slovenia earthquake in
1511 (estimated magnitude 6.8 and
maximum intesity X EMS-98; Ckcic,
2011). It has to be noted that the his-
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toric data does not allow univocal al-
location of this particular event to the
fault itself (Zveie et al., 2011) and
that alternative interpretations of the
seismic source are also proposed for
the 1511 event (Camassi et al., 2011;
Kosr & Ckcie, 2011).

In the Kanomlja valley, 5 km NW of
the town of Idrija, airborne LiDAR
survey disclosed several geomor-
phic indicators of Idrija fault recent
activity, such as displaced streams,
truncated fluvial terraces, dry val-

\’xﬂ

leys, bent ridges, etc. (CUNNINGHAM
et al., 2006). This was the first appli-
cation of airborne laser scanning for
the purpose of mapping active faults
in Europe. Detailed geomorphic field
surveying confirmed the suggestion
of CUNNINGHAM et al. (2006) to focus
paleoseismological study to the area
south of Kapa hill (Figure 1). We
conducted a geophysical survey in
this area in order to investigate indi-
cations of recent activity and to find
an appropriate location for paleoseis-
mological trenching.
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Figure 1. Location map on the 2 m grid Digital Elevation Model of bare
ground from the LiDAR survey (CuNNINGHAM et al., 20006).
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GEOLOGIC SETTING

By detailed geomorphological and
geological mapping of the near vicin-
ity of the target area proposed by Cun-
NINGHAM et al. (2006), we first defined
an approximate location such that the
fault trace is well expressed and where
young sediments are available, for
paleoseismological investigations fault
deformations must be investigated in
young and datable sediments. Both
demands were met in the Bratuseva
grapa system of fluvial terraces and its
near vicinity (Figure 2 and 3). In the W
part of the terrace system the Mesozoic

carbonate rocks (pre-Quaternary bed-
rock) outcrop along the stream chan-
nel and are covered by a thin veneer
of loose terrestrial deposits of fluvial
and slope mass wasting origin (young
deposits). Toward the E, the bedrock
does not outcrop along the stream any-
more; instead the whole outcrop con-
sists of young deposits. We infer that
the fault is located where the thickness
of young deposits changes from negli-
gible to significant (Figure 4 and 5). At
the same locality, the topographically
best expressed fault trace crosses the
system of fluvial terraces (Figure 3)
and the fault probably affects their for-

Figure 2. Location of geophysical sections A-A’ and B-B’. Location of this
map is shown as an inset in Figure 1.

RMZ-M&G 2012, 59



Geophysical evidence of recent activity of the Idrija fault, Kanomlja, NW Slovenia

251

mation. Additionally, a stream channel
bend, suggesting a dextral offset of ap-
prox. 40 m, is located immediately to
the SE of the locality (Figure 3). All
these observations lead us to focus
geophysical investigations to this area.

METHODS

In an attempt to better constrain the area
of maximum and/or most recent defor-
mation along the selected segment of the
Idrija fault, we applied four geophysical
methods along two sections crossing the

inferred fault trace: electrical resistivity
tomography (ERT), seismic refraction
tomography (SRT), ground penetrating
radar (GPR) and active multichannel
analysis of surface waves (MASW). In
lack of borehole data, vertical electrical
sounding (VES) was also conducted in
order to estimate typical resistivity of
hard rock and young deposits for further
use in ERT. Due to field conditions (pres-
ence of low velocity layers, clay content,
ground water), GPR and MASW did not
yield consistent results, therefore we
describe here only results of VES ERT
and SRT methods.

Figure 3. Outline of main geomorphic features within the Bratuseva grapa
terrace system on the 2 m grid Digital Elevation Model of bare ground
from the LiDAR survey (CunNINGHAM et al., 20006).
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Vertical electrical sounding (VES) was
conducted using the Schlumberger ar-
ray with maximum half-distance of
probes AB/2 at 10-100 m. Seven VES
were performed along the ERT sec-
tions and on the outcropping carbonate
in the near vicinity of these sections.
The measured data were inverted by
using RESIXPlus software (Interpex
Ltd.).

Two methodologically identical ERT
sections were measured using the
Wenner array. The unit probe spac-
ing was set at 2 m and the total num-
ber of levels accomplished was 15.
Each section was 190 m long (lines A
and B, Figure 2). In this way we be-
lieve to achieve the requested depth
penetration of 10-12 m. SYSCAL-
R2 resistivity meter and compatible
Multinode system (both BRGM) were
used. Measurements were conducted
in stable weather after a long dry pe-
riod. Data were modeled by apply-
ing various 2D algorithm techniques
available in RESIX2DI (Interpex
Ltd.) software.

Along the same trace as the ERT,
SRT sections A and B were measured
(Figure 2). Geophone spacing was 2
m; shot points were selected at every
3 geophone. An 8 kg sledgehammer
with metal plate was used as a seis-
mic source and two 24-channel ABEM
Terraloc VI seismographs were used to
record the signal from 4.5 Hz vertical

geophones. Relatively good signal-to-
noise ratio lead to very accurate first
arrival picking and consequently to
reliable results. The elevation of each
geophone was measured in the field
with a leveling instrument for later
topographic correction. A three-layer
seismic model and velocities were
computed by Wayfront method using
Rayfract 3.19 software from Intelli-
gent Resources Inc. Same application
was further used to compute the final
velocity model by 2D WET (Wavepath
Eikonal Traveltime) tomography.

GEOPHYSICAL OBSERVATIONS

ERT- electrical resistivity tomogra-
phy

Electrical resistivity of sediments
along both sections varies from few
tens ohm-meters to over 1000 Q m
(Figure 4). Given the geological con-
text and VES data, we relate modeled
resistivities to three lithological equiv-
alents: 1) 40-100 Q m: topsoil, clay
and silt with gravel; 2) 100-400 Q m:
gravel, clayey/silty gravel, sand and
possibly also carbonate bedrock with
more terrigenous component; and 3)
>400 Q m: relatively highly-resistive
carbonate bedrock with minor terrig-
enous component.

Resistivity model (Figure 4) shows
four distinctive units that appear in

both sections:
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e The surface layer (up to 2 m thick) 100 Q m and 250 Q m is interpret-
with low specific electrical resistivity ed as a sequence of mass wasting
(40-100 © m) is interpreted as over- events (landslides, sedimentary
bank deposit of the Bratuseva grapa mass flows), potentially interfin-
creek and organic-rich topsoil. gered with fluvial sediments of

e Relatively homogenous high-resis- BratuSeva grapa creek.
tivity unit (>800 Q m) underlying e Heterogeneous unit at 60-95 m in
the surface layer in the SW part of section A (missing in section B)
both sections and exceeding the that may resemble a faulted zone
surveying target depth of 12 m is (marked as transition zone in Fig-
interpreted as Mesozoic (carbon- ure 4) within the bedrock.
ate) bedrock.

e Heterogeneous unit with patchy SRT- seismic refraction tomography

slevation (m)

slevation (m)

distribution of subunits of very low
resistivity (few tens ohm-meters)
and subunits of resistivity between

infersected VES
{OR-1 IDR-2
w

110

\— high resistivity zone —

IDR-6

high resistivity zone
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distance (m)

Electrical Resistivity Tomography section B
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The final result of SRT is presented on
Figure 5. Atop the sections is a thin
(1-1.5 m) low-velocity layer (veloc-

NE |

Electrical Resistivity Tomography section A
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110 120 130 0 150 180 170 180 180
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.
low resistivity zone
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rubble, sandstone,
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Figure 4. Electrical resistivity tomography sections A and B. (Storar &
CaR, 2011). The main trace of the Idrija fault is inferred at between 60 m
and 95 m in section A and between 70 m and 80 m in section B.
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ity at around 500 m/s) that stretches
along the full length of both sections.
It is interpreted as overbank deposit of
the Bratuseva grapa creek and organic
topsoil. Underneath this low-velocity
layer, the velocity increases to above
1000 m/s in a layer that stretches along
the full length of both sections. The
reason for this could be lithological
as well as the increase in groundwater
content. Below these two layers lies a
layer with a significantly higher veloc-
ity (above 3000 m/s). This high-veloc-
ity layer appears close to the surface

sw

elevalion (m)

ion zone ||

(approx. 5 m deep) in the SW parts of
both sections, but is much deeper to-
wards the NE. A sharp change in depth
of the high-velocity layer is observed
between 80 m and 100 m distance in
section A, and between 70 m and 80 m
distance in section B. The lateral de-
crease in velocity observed within the
layer could be interpreted as a presence
of tectonically crushed bedrock, or as
juxtaposition of two different bedrock
lithologies. Both interpretations are
consistent with the fault crossing the
sections.

Seismic Refraction Tomography section A NE
(WET tomography - Rayfract 3.21)

3000

[ 10 20 30 40 50 60 70 80 o0

low velocityzone —_|| high velocity zone |

100 1 120 130 140 150 180 170 180 190

distance (m)

Sw

Seismic Refraction Tomography section B NE

(WET tomography - Raytract 3.21)

elevation (m)

| high velocity zone

330

P wave velocity (m/s)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0 10 E 30 0 50 & 7 &0 90

low velocity zone |
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distance (m)

Figure 5. Seismic refraction tomography sections A and B. (STorar & CAaR,
2011). The main trace of the Idrija fault is inferred at between 80 m and
100 m in section A and between 70 m and 80 m in section B.
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INTERPRETATION AND CONCLUSIONS

Joint interpretation of the two inde-
pendent geophysical methods is fully
consistent with geological and geo-
morphological observations, that indi-
cate the presence of a recently active
fault. Both methods show a significant
change in geophysical properties un-
derneath the surface layer at a depth
between 1 m and 5 m. A drastic drop
in electrical resistivity coincides with
a drop in seismic velocities within that
zone, which is only few meters to tens
of meters (at most) wide. SW of this
zone both sections are interpreted to
consist of relatively solid bedrock cov-
ered by a veneer of gravel and overbank
deposits. NE of the zone the geophysi-
cal signature is much more heteroge-
neous compared to the SW parts. We
attribute this geophysical heterogene-
ity to heterogeneous lithology within
the upper few meters of section. Given
the geologic setting, we interpret the
NW part to consist of deposits of mass
wasting (consecutive landslides and/or
mass flow events) that are possibly in-
terfingered with gravely deposits of the
Bratuseva grapa creek.

Geophysical surveying indicated a
contact between the Mesozoic bed-
rock and relatively young terrestrial
deposits in the area of Bratuseva grapa
terrace system, which we attribute to
(sub)recent activity of the Idrija fault.
However, the amount of displacement

RMZ-M&G 2012, 59

can not be inferred from these data.
Given the promising result we aim
to continue the study by paleoseis-
mological trenching in late 2012. Ac-
cording to geophysical observations,
a paleoseismological trench should be
located between 70 m and 100 m dis-
tance along the section A, and between
70 m and 80 m distance along the sec-
tion B. A potential trenching target is
also the area of low resistivity between
55 m and 75 m in the section A. How-
ever, for the final decision on a trench
site, geomorphic and geologic indica-
tors will also be taken into account in
search for the youngest (and not neces-
sarily most prominent) deformation.
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Abstract: The course of the Dinaric oriented (NW-SE) Predjama fault in the

area of the northern Pivka valley and through Javorniki mountain is
not well determined. The position of the Predjama fault through the
Pivka flysch valley is mostly determined hypothetically. In the area
of Javorniki hills the fault is divided into several parallel strands and
accompanied by mostly cross-Dinaric (NE-SW) oriented faults. Pred-
jama fault in the area of Postojna was probably not the seismogenic
source of Postojna M, = 3.7 earthquake in 2010. Micro-tectonic de-
formations detected by TM 71 extensiometers in Postojna cave sys-
tem on the other hand show minor ongoing aseismic displacements
in northern NW-SE oriented fault, which is parallel to the Predjama
fault.

Izvleéek: Potek dinarsko usmerjenega (SZ-JV) Predjamskega preloma na

obmocju severnega dela Pivske kotline in ¢ez Javornike ni dobro ugo-
tovljen. Polozaj Predjamskega preloma skozi flisno Pivsko kotlino
je vecinoma dolocen hipoteti¢no. Na obmocju Javornikov je prelom
razdeljen na vec lo¢enih vzporednih prelomov, ki jih spremljajo pred-
vsem precno dinarsko (SV—JZ) usmerjeni prelomi. Predjamski prelom
na ozemlju Postojne verjetno ni bil izvir potresa M|, = 3.7 v Postojni
leta 2010. Mikrotektonske deformacije, ugotovljene z ekstenziometri
TM 71 v Postojnskem jamskem sistemu, pa kazejo manjse tektonske
aseizmicne premike na severnem SZ-JV usmerjenem prelomu, ki je
vzporeden Predjamskemu.

Review paper

Znacilnosti Predjamskega preloma pri Postojni, JZ Slovenija

'ZRC SAZU Karst Research Institute, Titov trg 2, SI-6230 Postojna, Slovenia
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INTRODUCTION

Recent tectonic activity of Slovenia is
driven by northward movement of the
Adria microplate and its counter-clock-
wise rotation (e.g. VRABEC & FODOR,
2006). The NW-SE trending Predjama
fault is generally not considered as im-
portant as the RaSa or the Idrija fault.
It is treated as a continuation of Avce
fault (JANEZ et al., 1997). Its position
east from Col, through Trnovski Gozd
is clearly visible. The continuation of
the fault to northern Pivka valley be-
tween Predjama and Postojna and fur-
ther into Javorniki hills is less clear.

The January 15, 2010 M|, = 3.7 earth-
quake in the area of Postojna town
called attention to the fact that recent-
ly not only the area around Pivka or
Sneznik Mountain is seismically ac-
tive, but also the northern part of the
Pivka valley at Postojna can generate
strong motions. The January 1, 1926 M
= 5.6 Cerknica earthquake was strong-
ly felt inside the Postojna cave system,
with reported stalagmite collapse in-
side the cave (SEBELA, 2010).

Preliminary  geological interpreta-
tion of the 2010 Postojna earthquake
attributed the event to slip on the re-
gional Predjama fault, which runs in

the NW-SE orientation south of Pos-
tojna. However, the subsequently de-
rived fault plane solutions of the event
(Zvere et al., 2011) did not confirm
this idea. Therefore we review the ex-
isting geological literature with respect
to the position of Predjama fault in the
northern part of the Pivka valley. In
this area, the precise location of the
fault zone was mostly infered, result-
ing in mismatch from 200 m to 1500 m
between the existing interpretations of
the Predjama fault location. The most
unclear is the SE-ward continuation of
the Predjama fault towards Javorniki
hills, where the fault is complicated
by NE-SW oriented faults and is prob-
ably separated into several segments.

PREDJAMA FAULT GEOMETRY IN THE VI-
CINITY OF POSTOJNA

A compilation of structural data, dis-
cussed in this section, is shown on the
geological map in Figure 1.

On the Postojna sheet of the 1 : 100 000
Basic geological map of SFRJ (Bus-
ER et al., 1967) the Predjama fault is
terminated about 500 m west from
Predjama and does not continue
through the northern part of Pivka
valley and through Javorniki hills.
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Figure 1. The basic structural-geological map of the Postojna area and
position of Predjama fault. 1- town or village, 2- river and its flow direc-
tion, 3- JavorniSka KoliSevka, 4- hill with above sea level in metres, 5-
TM 71 extensiometer in Postojna cave system, 6- ground-plan of Postojna
cave system, 7- fault/hypothetic fault, 8- thrust fault, 9- dextral horizontal
strike-slip movement, 10- sinistral horizontal strike-slip movement, 11-
anticline, 12- syncline, 13- Eocene flysch rocks, 14- discordant contact
between flysch and limestone.

The eastward continuation of the Pred- vorniki was first documented by Prac-
jama fault, from Avce fault into Ja- ErR (1981 and 1996).
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On the sketch of geological struc-
ture of Postojna the Predjama fault
is marked as a hypothetic subverti-
cal fault (PLACER, 1996). The fault is
visible in the highway road-cut close
to the Postojna railway station about
190 m north from the railway bridge.
The inner fault zone is 18 m wide. Its
northeastern fault plane has orienta-
tion of 25/70, with slickensides dip-
ping 295/12. In the HrusSica area the
Predjama fault shows dextral horizon-
tal movement. In the vicinity of Pos-
tojna the NE block of Predjama fault
moved towards right and slightly up
with respect to the SW block. The
apparent displacement on Predjama
fault near Postojna is insignificant
(PLACER, 1996).

The morphologically well-expressed
contact between Upper Cretaceous
limestone and Eocene flysch is, ac-
cording to Pracer (1996), a fault,
which is running nearly parallel to the
southern Predjama fault. This fault is
geologically better determined in the
field than the principal Predjama fault,
which runs through the Pivka flysch
valley.

On the 1 : 500 000 geological map of
Slovenia (Buskgr, 1989) the Predjama
fault runs about 1 km south of the
Nanoscica stream, and continues along
the southern edge of Javorniki hills
towards the Babno Polje where it ap-
proaches the Idrija fault zone.

The investigations of JANEZ et al. (1997)
and RizNAR (1997) agree with PLACER’S
(1996) interpretation of the position of
Predjama fault. According to JANEZ et
al. (1997) the fault runs about 200 m
northward of the position shown on
the map of Buser (1989). They trace
the Predjama fault along the southern
edge of Sovi¢ hill (677 m) near the
town of Postojna and argue that the
morphologicaly well-expressed scarp
dividing Upper Cretaceous limestone
from Eocene flysch, which runs NW-
ward from Postojna towards Predjama,
is controlled by a fault zone parallel
to the Predjama fault. Further to the
NW, west of the town of Col, the Pred-
jama fault continues into the Avce fault
(JAangZ et al., 1997). There, the trace
of fault is much better visible both in
morphological and geological sense
than in the northern Pivka valley and
eastward in the southern parts of Ja-
vorniki hills.

The Bukovje fault, which is situ-
ated north from Predjama fault near
Bukovje was determined by Car &
SEBELA (2001). The fault is displacing
a morphologically well expressed ap-
prox. N—S oriented sinistral strike-slip
fault, which runs north from Gorenje
towards HruSica. The Bukovje fault
shows insignificant dextral horizontal
displacement (CaAR & SEBELA, 2001).

The structural-tectonic map of Slove-
nia (PoLiak, 2000) traces the Predjama
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fault similarly to Buser et al. (1967).
The fault is traced in the area NW from
Postojna, where it separates HruSica
structure from Nanos structure, where-
as the eastward fault continuation in
the Eocene flysch of the northern Pos-
tojna valley and at the southern foot of
Javorniki hills is left undefined.

The detailed structural map of the area
between Postojna, Planina and Cerkni-
ca (CAR & GospopARIC, 1984) was a
major contribution towards under-
standing the tectonic structure of the
area. After almost 30 years this is still
the most important structural-geologi-
cal map of the region. Unfortunately,
the Predjama fault zone is outside the
mapped territory.

ACTIVE TECTONICS AND SEISMICITY
NEAR PosToJNA

On January 15, 2010 at 14:20 (UTC)
an earthquake occurred in the area of
Postojna town. Its local magnitude
was 3.7 and the highest intensity V
EMS-98. The earthquake was felt in
the territory of SW Slovenia and also
in Jesenice, Velenje and Celje (JESENKO
etal., 2011).

405 shocks occurred before and after
the main earthquake. The fault plane
solutions obtained from the first mo-
tion data for the main earthquake event
and its strongest aftershock on March

RMZ-M&G 2012, 59

6 2010, M, = 2.4, constrain a nearly
vertical fault plane, which is either a
SSE trending (N165° E) dextral strike-
slip fault, or a WSW trending sinistral
strike-slip fault (Zivcic et al., 2011).
Seismological data therefore suggest
that the 2010 Postojna earthquake was
not related to slip on the Predjama
fault, but to some so far unidentified
geological structure.

Faults in suitable SSE-NNW orienta-
tion were mapped by CAR & SEBELA
(1997) around the Pivka and Crna
Jama, but were at the time not inter-
preted as active or potentially ac-
tive. Fissures and faults-orientation
data from the Postojna cave system
(SEBELA, 1998), presented in Figure 2,
also demonstrate a prominent cluster
of structures with NNW-SSE orienta-
tion, which is nearly as abundant as the
one in the Dinaric NW-SE orientation.
The major geological structures in the
cave, mostly fault zones, have a Dinar-
ic NW=SE orientation (SEBELA, 2012).
Significant fissured to broken zones
(in sense of CAR & GOsSPODARIC, 1984)
are mostly SSE-NNW orientated and
exhibit no slickensides. Significant
displacements in the Postojna cave
system are visible on NW-SE and
NE-SW oriented faults, whereas the
SSE-NNW oriented geological struc-
tures are generally cut by NW-SE and
NE-SW oriented faults and thus repre-
sent secondary structures to those with
Dinaric orientation.
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Figure 2. Orientations of faults and fractures in the Postojna cave system

(SEBELA, 1998).

From the 25 m resolution Digital ter-
rain model of the wider Postojna town
area (PopoBNIkAR, Arhiv ZRC SAZU)
we infer the existence of morphologi-
cally well-expressed fault zone east
from Studeno (Figure 1), which could
be the NNW continuation of N165° E
trending fault that was seismogenical-
ly active during the January 15, 2010
earthquake (Zivcic et al., 2011). This
fault could be the connective fault be-
tween the Idrija and Predjama faults, or
a shorter fault connecting the southern
Predjama fault and the parallel north-
ern fault in the outer zone of the Pred-
jama fault. General direction of the
fault running east from Studeno is 10—

20° towards the north deviated from
the Dinaric NW-SE orientation. The
fault is morphologically very clearly
expressed, similarly to the nearly N-S
oriented fault north from Gorenje (Fig-
ure 1). Basic geological map (BUSET et
al., 1967) does not indicate a fault or a
lithological contact at this location.

Otherwise, micro-tectonic deforma-
tions detected by TM 71 extensiom-
eters in Postojna cave system since
2004 (Figure 1) show measurable
aseismic displacements on the fault,
which is parallel to the Predjama fault
(Gosar et al., 2011). Two instruments
are placed on a Dinaric-trending NW-
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SE fault that builds the NE wall of the
Velika gora collapse chamber. South-
ern instrument is situated between the
cave wall and the collapse block. Gen-
erally dextral horizontal diplacement
of 0.05 mm since 2004 indicates tec-
tonic deformation and not movements
due to cave collapse processes. Addi-
tionally, the down-slip movement of
the NE block for 0.01 mm since 2004
suggests tectonic movements.

JAVORNISKA KOLISEVKA

Morphologically the best expressed col-
lapse doline in the area of Javorniki hills
is Javorniska Kolisevka (Figure 1). It is
a closed depression of underground ori-
gin. The big volume of the depression is
due to rocks being sapped away. Closed
depressions are karstic, unflooded mor-
phological forms that are results of karst
processes and removal of the rocks.

Javorniska KoliSevka is situated along
a Dinaric-trending fault that has al-
ready been detected by PLACER (1996),
which is parallel to the main Predjama
fault. The bottom of the collapse do-
line is at 847.80 m. The southern edge
of the doline is at 905 m and the north-
ern at 953 m. Javorniska KoliSevka is
at least 57.20 m deep and has a vol-
ume of about 800 000 m®. The posi-
tion of Javorniska KoliSevka on one of
the northern faults parallel to the main
Predjama fault indicates that the wider
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Predjama fault zone continues into Ja-
vorniki hills and that favourable rock
conditions (tectonically crushed zone)
are present for development of deep
karst collapsed doline.

CONCLUSIONS

The position of the Predjama fault
through the Pivka valley was mostly
determined hypothetically (PLACER,
1981 and 1996). In some cases (BUSER,
1989; JANEZ et al., 1997; R1zNAR, 1997;
SEBELA, 2005) the position is more de-
terministic, but there is between 200 m
to 1500 m of difference between the
interpretations of the fault position.

Between Postojna and Javorniki hills
the Predjama fault is probably dissect-
ed into separate parallel faults. One
such segment runs through Javorniska
Kolisevka collapse doline and has
probably controlled the origin of this
deep karst depression. In the area SE
of Javorniki hills this Dinaric oriented
(NW-SE) fault parallel to Predjama
fault is complicated by a prominent,
mainly NE-SW oriented fault. The
continuation of Predjama fault to-
wards SE is clear at least into the area
of southern slope of Javorniki hills.

Regarding the seismological analyses
of the Po§tojna M, = 3.7 earthquake
in 2010 (Zivcic et al., 2011) the Pred-
jama fault in the area of Postojna was
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probably not the seismogenic source
for the earthquake. Micro-tectonic
deformations detected by TM 71 ex-
tensiometers in Postojna cave system
(Gosar et al., 2011) on the other hand
show recent small tectonic aseismic
displacements in one of the northern
NW-SE faults parallel to the main
Predjama fault.

To find the seismogenic source for
Postojna M|, = 3.7 earthquake in 2010
detailed structural-lithological map-
ping should be the best answer.
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Abstract: The Slovenian Basin represents a deeper-water paleogeographic

unit that today extends approximately in E-W direction from Kobarid
towards east. However, westward from Kobarid the successions of the
Slovenian Basin are not present. Mt Kobariski Stol is located directly
westward from the last outcrops of Slovenian Basin rocks. This area
is in the Middle and Upper Jurassic represented by a unique facies as-
sociation of nodular limestones, and abundant shallow-water carbon-
ate resediments and corresponds to the transitional zone between the
Dinaric Carbonate Platform located southeastward and northeastward
located deeper marine sedimentary environments of the either Slo-
venian Basin or even more likely the submarine plateau named the
Julian High. The Kobariski Stol area at that time represented a deeper-
water current-swept plateau that was well connected to the adjacent
shallow-water Dinaric Carbonate Platform. This proves the early idea
that the Slovenian Basin in this part pinched out.

Izvleéek: Slovenski bazen je globljevodna paleogeografska enota, ki se da-

nes od obmocja Kobarida razsirja proti vzhodu. Zahodno od Kobari-
da izdanki Slovenskega bazena niso znani. Kobariski Stol se nahaja
neposredno zahodno od Kobarida in bi lahko bil nadaljevanje Slo-
venskega bazena. Zgrajen je iz kamnin, ki tvorijo posebno faciesno
zdruzbo nodularnih apnencev in $tevilnih presedimentiranih karbo-
natnih gravitacijskih tokov, ki jih gradijo plitvovodni klasti Dinarske
karbonate platforme. Obmocje KobariSkega Stola je bilo tako v srednji
in zgornji juri globljevodni podmorski plato, ki je bil dobro povezan z
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Dinarsko karbonatno platformo. Obmocje Kobariskega Stola zatorej
ne pripada bazenu, marve¢ prehodnemu obmocju med plitvovodno
Dinarsko karbonatno platformo na jugu ter globljevodnim obmocjem
Slovenskega bazena ali Julijskega platoja na severovzhodu oziroma
severu. To dokazuje hipotezo prej$njih raziskav, da se je Slovenski
bazen vzhodno od obmocja Kobarida izklinil.

Key words: Slovenian Basin, Julian High, palacogeography, Jurassic, deeper-wa-

ter, transitional zone

Kljuc¢ne besede: Slovenski bazen, Julijski plato, paleogeografija, jura, prehodno

obmocje

INTRODUCTION

Slovenian Basin (SB) represents a
Mesozoic deep-water paleogeographic
unit surrounded by shallow-water car-
bonate platforms until Middle Juras-
sic and later by pelagic plateau on its
northern side. Today it stands for a nar-
row facies belt of Late Triassic to Late
Cretaceous deeper-water strata extend-
ing approximately in E-W direction
from Kobarid towards east (Cousin,
1970; Buser, 1989, 1996; Rozic,
2005; Rozic & Porit, 2006; BUSER et
al., 2008; Buser & OGORELEC, 2008;
Rozi¢, 2009; Rozic¢ et al., 2009; GALE,
2010; Rozic & Smuc, 2011; GORICAN et
al., 2012; GALE et al., in press). West-
ward from Kobarid the successions of
the Slovenian Basin are not present.
According to Buser (1996), Buser
& DEeBELIAK (1996), and MikLaviC &
Rozi¢c (2008) the reason for this ab-
sence of SB deposits west of Kobarid
area is that Slovenian Basin in this part
pinched out (see also paleogeograph-

ic reconstruction in Rozic & Smuc,
2011). These previous studies were
however based on the study of Dinaric
and Julian Carbonate Platform rocks of
Lower Jurassic (BUSER, 1996; BUSER &
DEeBELIAK 1996) or Upper Cretaceous
rocks formed after the disintegration of
Dinaric Carbonate Platform (MikLAvIC
& Rozi¢, 2008) that outcrop north or
south from the area of possible east-
ward continuation of the Slovenian
Basin. Kobari$ki Stol succession, on
a contrary, is located directly east-
ward from the last outcrops of Slove-
nian Basin rocks on Ozben hill (BUSER,
1986, 1987), is composed of different
Upper Triassic to Cretaceous shallow
and deeper-water strata (Cousin, 1981)
and thus represents a site of possible
continuation of the Slovenian Basin.

The aims of this study are to present a
detailed sedimentologic and biostrati-
graphic study of the Middle and Up-
per Jurassic rocks that outcrops at the
Kobariski Stol, to interpret the sedi-

RMZ-M&G 2012, 59



Middle to Upper Jurassic succession at Mt Kobariski Stol (NW Slovenia)

269

mentary environment in which they
were formed, and shed a light on the
Jurassic spatial distribution of the Slo-
venian Basin westward of Kobarid area.

GEOLOGICAL SETTING

The studied succession is located in
NW Slovenia on Mt Kobariski Stol

that represents the southernmost part
of the Julian Alps (Figure 1). The suc-
cession outcrops at the 1350 m of al-
titude, along the road that leads from
Kobariski Stol peak towards the town
of Kobarid. Structurally the area be-
longs to the Southern Alps, more ex-
actly to the lowermost Tolmin Nappe
(Busker, 1986, Pracer, 2008) (Figure
1). Paleogeographically the area in the
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Figure 1A. Location of the Julian Alps. Insert in A represents the location
of B. B: Main structural elements of the region and location of the inves-

tigated sections.

RMZ-M&G 2012, 59



270

Smuc, A.

I Dinaric

'~ Julian High

Dinaric Tolmin
Carbonate Basin
Platform :

A l

Julian
High

B

N

Adriatic sea

[~ (Friuli) C o\
"~ Platform I,.T Tolmin —]
L L
oSy

Basin —

Jurassic pelagic and
gravity flow deposits

Jurassic shallow-water

carbonates

Triassic shallow-water
I carbonates and evaporites

Figure. 2. Present-day position of paleogeographic units (compiled from
BoseLLINI et al. 1981, MARTIRE 1992, Busier 1989, PLacER 2008) and sche-
matic palaecogeographic cross-sections at the end of the Jurassic (Bernoulli

etal. 1979).

Middle and Upper Jurassic belonged
to a transitional area between Dinaric
Carbonate Platform to the South, Slo-
venian Basin to the East and Julian Pla-
teau to the North (MikLavic & Rozic,
2008, and this study) (Figure 2).

The area was investigated by Cousin
(1981) who distinguished following
Middle and Upper Jurassic beds in
Kobariski Stol: 1) upper Middle Ju-
rassic (upper Dogger) to lower Upper
Jurassic (lower Malmian) alternation
of oolitic and crinoidal limestones,
carbonate microbreccias and nodular
limestones that are at places silicified;
2) Kimmeridgian to lower Tithonian
Rosso Ammonitico facies; 3) Upper
Tithonian/Berriasian to Valanginian
micritic limestone of Biancone type.

The Kobariski Stol area was also
mapped for the Basic Geological Map
of Yugoslavia, at a scale of 1: 100 000
by Buser (1986) (the Tolmin and Vi-
dem sheet).

KOBARISKI STOL SECTION: DESCRIPTION
OF LITHOSTRATIGRAPHIC UNITS

The Kobariski Stol section was di-
vided into three lithostratigraphic
units named Unit 1, Unit 2, and Unit
3, respectively (Figure 3). Unitl (Ul)
represents the base of the investigated
succession and consists of Bathonian
or Callovian to lower Kimmeridgian
gray, fine-grained limestones (pack-
stone/wackestone to mudstone) with
intercalated fine- to coarse-grained
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calcarenites and fine-grained carbon-
ate breccias. Unit 2 (U2) is represented
by a gray distinctly nodular limestones
with intercalated fine- to coarse-
grained calcarenites and breccias of
Late Kimmeridgian to early Tithonian
age. Unit 3 (U3) corresponds to red
nodular limestone of Rosso Ammonit-
ico type of early Tithonian in age.

3.1 Unit 1 (Ul):

The Unit 1 represents the base of the
studied succession; the contact with
underlying formations is not visible.
The unit is at least 15 m thick and
consists of 10 cm to 1 m thick beds of
fine-grained limestones (mudstone to
packstone) with intercalated 15 cm to
50 cm thick beds of diverse carbonate
gravity-flows (Figure 3).

Fine-grained limestones

The fine-grained limestones include
following facies types: bioclastic
wackestone, wackestone with calci-
spheres, pelletoidal mudstone to pack-
stone and silicified wackestone.

Bioclastic wackestone

Bioclastic wackestone to packstone is
gray, thin bedded and at places nodu-
lar. Elongated grains are often ori-
ented parallel to the bedding. It con-
sists mainly of bioclasts of disarticu-
lated valves of thin-shelled bivalves
(Bositra sp.), echinoderm fragments,
gastropod protoconch, juvenile am-
monites, ammonite fragments, plank-

tic foraminifera (protoglobigerinids),
benthic foraminifera (Lenticulina sp.,
Textularidae), and unidentified sparitic
bioclast fragments (Pl. 1, Figs.1, 2).
Small peloids, ooids, pellets and rare
micritic intraclasts are rare. At places,
where the wackestone exhibit nodular
aspect, the matrix between the nodules
consists of Bositra sp. rich packstone.
Also common are irregular fields
where peloids and filaments predomi-
nate.

Wackestone with calcispheres

This facies is represented by a thin to
thick bedded wackestone to packstone.
At places beds exhibit horizontal par-
allel lamination. Lamination is defined
by alternation of thicker packstone to
wackestone laminae composed mostly
of calcispheres and thinner laminae of
packstone to wackestone where thin
shelled-bivalves (filaments) predomi-
nate (PL. 1, Fig. 3). Other grains are
echinoderm fragments, benthic fo-
raminifera (Lenticulina sp., Textulari-
idae) and planktic foraminifera (pro-
toglobigerinids). Aptychi and partly
recrystallized ooids are rare.

Pelletoidal mudstone to packstone

Pelletoidal mudstone to packstone is
thin to medium-bedded (10 cm to 70
cm), at places laminated, grains are
oriented parallel to the bedding. Lami-
nas are represented by an alternation of
thin microsparitic mudstone (PI. 1, Fig.
4) with thicker pelletoidal mudstone to
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Plate 1.

Figure 1. Unit 1, fine-grained limestone; bioclastic wackestone with filaments and small echi-
noderm fragments.

Figure 2. Unit 1, fine-grained limestone; bioclastic wackestone with small benthic foraminifera,
planktic foraminifera (protoglobigerinids) and filaments.

Figure 3. Unit 1, fine-grained limestone; wackestone/packstone with calcispheres and filaments.
Figure 4. Unit 1, fine-grained limestone; pelletoidal mudstone to packstone. Laminae of micro-
sparitic mudstone.

Figure 5. Unit 1, fine-grained limestone; pelletoidal packstone with abundant pellets and rare
echinoderm fragments

Figure 6. Unit 1, fine-grained limestone; silicified wackestone with rare calcified radiolarian
moulds.
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packstone (PL. 1, Fig. 5). Mudstone to
packstone are composed mainly of pel-
lets (at places cannot be distinguished
from matrix) and rare echinoderm
fragments and filaments.

Silicified wackestone

Silicified wackestone exhibits paral-
lel, wavy parallel and wavy nonpar-
allel laminations. Silification occurs
as beds and nodules of replacement
chert. At places also wackestone ma-
trix is partly silicified. Laminae are
thinner mudstone to wackestone with
rare radiolarian moulds, calcispheres
and echinoderm fragments (PI. 1, Fig.
6) and thicker wackestone/packstone
to grainstone with small echinoderm
fragments and pellets. Matrix is mi-
crosparite to sparite and at places syn-
taxial overgrows around echinoderm
fragments.

Breccias and calcarenites
Intercalated breccias and calcarenites
are thin to medium bedded and range
from fine-grained breccias to fine-
grained calcarenites.

Breccia beds

Thickness of breccia beds is up to 50
cm. The contact with underlying beds
deposits is erosional. Additionally; at
places breccias fill small channels up
to 1 m wide and 20 cm deep. Breccias
are poorly to medium-sorted, clast-
supported and at places show inverse
and normal grading. Clasts are some-

times oriented parallel to the bedding.
Grains are up to few cm large and
include clasts of underlying bioclas-
tic wackestone, mudstone with calci-
spheres; and also shallow-water clasts
of A) grainstone to packstone with
Microproblematica, B) grainstone to
packstone with peloids, echinoderm
fragments, ooids, and filaments, C)
pelletoidal packstone with rare benthic
foraminifera, and D) oodial packstone
to grainstone. Other grains in breccia
are Microproblematica, partly recrys-
tallized large ooids, echinoderm frag-
ments, rare fragments of corals, and
sparitic bioclast fragments (PI. 2, Figs.
1, 2). The matrix of the breccia con-
sists of packstone at places also grain-
stone mainly with individual partly
recrystallized ooids, peloids, echi-
noderm, algae and coral fragments,
benthic foraminifera (Lenticulina sp.,
Textulariidae, Protopeneroplis striata
Weynschenk), unidentified bioclasts,
and thin-shelled bivalve fragments (Pl.
2, Figs. 1, 2). Grains are embedded in
a micritic and microsparitic matrix, at
places also cemented with syntaxial
cements around echinoderm grains.

Fine to coarse-grained calcarenites

Fine to medium-grained calcarenites
are medium bedded. Elongated grains
are usually oriented parallel to the bed-
ding. Normal and inverse grading and
parallel laminations are sometimes
present. At places also grading from
breccia to calcarenites is observed. The
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Plate 2.

Figure 1. Unit 1, limestone breccia; larger Microproblematica and partly recrystallized ooids in a
packstone matrix composed of peloids, 0oids, and echinoderm fragments.

Figure 2. Unit 1, limestone breccia; larger clasts of Microproblematica, lithoclasts, aggregate grains,
partly recrystallized ooids and Protopeneroplis striata Weynschenk in a microsparitic matrix.
Figure 3. Unit 1, coarse-grained calcarenite; packstone with peloids, recrystallized ooids, echinoderm
fragments and bioclasts.

Figure 4. Unit 2, nodular limestone; wackestone with pellets, calcispheres, echinoderm fragments
and fragmented ammonite moulds.

Figure 5. Unit 2, nodular limestone; middle part of the photo is thin gray clay film between the nod-
ules and around a packstone with echinoderms.

Figure 6. Unit 2, nodular limestone; packstone with pellets, echinoderm fragments and Saccocoma sp.
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calcarenites are packstone to grain-
stone and have the same composition
as breccia, but are devoid of larger
lithoclasts (P1. 2, Fig. 3).

Age of Unit 1

Based on the presence of planktic
foraminifera (protoglobigerinids)
and of individual tests of Protopen-
eroplis striata Weynschenk the age
of the Unit 1 most probably ranges
from Bathonian to early Kimmerid-
gian (cf. CaroNn & HoMmEwOOD,
1983; SARTORIO & VENTURINI, 1988;
TarpaAN & LoeBLicH, 1988; DARr-
LING et al., 1997). Due to relatively
small thickness of Unit 1 (15 m),
it possibly records only upper part
(Early Kimmeridgian) within this
interval or contains hiatuses. The
latter is also indicated by presence
of nodular structure in fine-grained
limestones.

Sedimentary environment of Unit 1
Fine-grained limestones (bioclastic
wackestone, wackestone with calci-
spheres, pelletoidal mudstone to pack-
stone and silicified wackestone) repre-
sent background pelagic and hemipe-
lagic deposits in relatively deep-wa-
ter environment as evidenced by a
presence of mainly pelagic bioclasts
(calcispheres, thin shelled-bivalves,
radiolarians, planktic foraminifera,
aptychi). Minor input from shallow-
water environment is however indicat-
ed by rare shallow-water grains (ooids

and also benthic foraminifera, echino-
derm fragments). Presence of different
laminations (parallel, wavy parallel
and wavy nonparallel) present almost
in all fine-grained facies suggest some
sort of hydrodynamic sorting, most
probably by contour currents or rede-
position of the material by fine-grained
turbidites. Beds at places also exhibit
nodular bedding that also indicates in-
fluence of bottom-currents that caused
slower sedimentation rates and early
selective cementation.

Sedimentary structures of breccias
suggest deposition by debris flows or
gravelly-high density turbidity cur-
rents. Different intraclasts (mud-chips)
and also shallow-water lithoclasts in-
dicate exhumation and partial erosion
of underlying deposits. The fine-to me-
dium grained calcarenites were depos-
ited by sandy high-density turbidity
currents. Presence of individual grains
of ooids, Microproblematica, benthic
foraminifera, corals and algal frag-
ments indicates input from shallow-
water areas.

Unit 2 (U2)

Unit 2 is up to 20 m thick and repre-
sented by gray nodular limestone with
intercalated fine to coarse-grained cal-
carenites and breccias. The contact
with the underlying Unit 1 is covered.

Nodular limestone
This facies usually occur in up to 70 cm
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thick packages that exhibit distinct inter-
nal nodular bedding. Individual nodules
are 3—7 cm thick, bedding surfaces are
marked by thin brown to gray clay films.
The nodules are wackestones to pack-
stones composed of pellets, Saccocoma
sp. and other echinoderm fragments,
Bositra sp., calcispheres, and calcified
radiolarian moulds (PL 2, Figs. 4, 5, 6).
Benthic foraminifera, algal fragments,
aptychi and poorly preserved ammo-
nites are rare. The calcispheres at places
exhibit geopetal infillings. Towards the
edge of individual nodule the structure
becomes tightly packed packstone with
predominant echinoderm fragments (PL
2, Fig. 5). This facies is frequently si-
licified and contain beds and lenses of
replacement cherts. Common diagenet-
ic feature is also the presence of pyrite
that is usually concentrated between the
borders of the nodules, but occurs also
within the nodules.

Breccias and calcarenites
Intercalated breccias and calcarenites
are thin to medium bedded and repre-
sented by a fine-grained breccias and
fine-to coarse-grained calcarenites.

Fine-grained breccias

Intercalated breccias are fine-grained,
matrix to clast supported, and exhibit
normal and inverse grading (from
medium-breccia to medium-grained
calcarenite). It contains also lenses and
beds of replacement cherts. Individual
breccia beds are up to 70 cm thick and

RMZ-M&G 2012, 59

usually have an erosional contact with
underlying deposits. Clasts are up to 3
cm large and are embedded in a ma-
trix represented by a medium-grained
calcarenite. Larger grains are com-
posed exclusively of eroded underly-
ing nodular limestones (mud-chips) or
fragments of ammonite moulds filled
with mudstone (Pl. 3, Fig. 1).Calcar-
enite matrix is composed mainly of
individual grains of Microproblemati-
ca, small peloids, pellets, micritic and
microsparitic lithoclasts and various
bioclastic debris represented by frag-
ments of corals and stromatoporoids,
larger sparitic bioclasts, fragments of
mollusks, brachiopods, echinoderms,
benthic foraminifera, belemnites and
aptychi (PL. 3, Figs. 2, 3). Matrix is mi-
crosparite or fine-grained sparitic and
syntaxial cement.

Fine to coarse-grained calcarenites
Beds of calcarenites are up to 25
cm thick, elongated grains are ori-
ented parallel to the bedding. Beds
and lenses of replacement chert are
present. Calcarenites are packstone
with echinoderm fragments, small
peloids, and rare benthic foraminif-
era (Lenticulina sp., multichambered
with micritic walls), Bositra sp., bio-
clastic sparitic fragments, algal frag-
ments, and also larger clay clasts (P1.
3, Figs. 4, 5). Grains are embedded in
a microsparitic matrix or cemented
by fine-grained sparitic and syntaxial
cement.
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Figure 1. Unit 2, breccia; large clasts of micrite filled ammonite mould in a calcarenite matrix
with peloids, echinoderm fragments, and other bioclastic fragments

Figure 2. Unit 2, breccia; stromatoporoid fragment in a calcarenite matrix with peloids, echino-
derm fragments, and other bioclastic fragments.

Figure 3. Unit 2, breccia with coral

Figure 4. Unit 2, calcarenite; packstone with echinoderm fragments, peloids and rare filaments.
Figure 5. Unit 2, calcarenite; packstone/grainstone composed of echinoderm fragments, peloids
and rare filaments.

Figure 6. Unit 3, red nodular limestone; wackestone with fragments of Saccocoma sp.

RMZ-M&G 2012, 59



Middle to Upper Jurassic succession at Mt Kobariski Stol (NW Slovenia)

279

Age of Unit 2

Late Kimmeridgian to early Tithonian
age for Unit 2 was determined on the
basis of the presence of Saccocoma sp.
(according to SARTORIO & VENTURINI,

1988).

Sedimentary environment of Unit 2
Nodular limestone represents deeper-
water sediment as evidenced by pres-
ence of mainly pelagic bioclasts. Nod-
ular structure however indicates early
selective cementation on a current
swept sea bottom.

Sedimentary structures of breccias sug-
gest deposition by mud to debris flows.
Lithoclasts of the nodular limestones
indicates erosion of the underlying
strata by over-riding flows. The fine-to
coarse grained calcarenites were de-
posited by sandy high-density turbid-
ity currents and represents top-cut-of
Bouma sequences. The composition of
shallow-water grains within the brecci-
as and calcarenites indicate provenance
area from adjacent contemporaneous
shallow-water coral reef areas.

Unit 3: Red nodular limestone of
Rosso Ammonitico type

The Unit 3 is at least 5 m thick; how-
ever the lower and upper contact is not
visible, so the exact thickness of the
Unit 3 is not known.

Nodular limestones
Nodular limestones are of wackestone

RMZ-M&G 2012, 59

to packstone type. Individual nodules
are 3—7 cm thick, bedding surfaces are
marked by thin red clay films. They are
composed almost exclusively of frag-
ments of Saccocoma sp., while other
grains (aptychi, calcified radiolarian
moulds, and benthic foraminifera) are
extremely rare (PL. 3, Fig. 6).

Age

On the basis of the stratigraphic position
and abundant presence of Saccocoma
sp. the age of this unit is early Tithonian
(cf. SArTORIO & VENTURINI, 1988).

Sedimentary environment

The red nodular lime-stones represent
condensed sedimentation and are typi-
cal of sedimentation on isolated pelag-
ic plateau. Nodules indicate presence
of bottom currents that allowed micrite
accumulation followed by long and re-
peated phases of cementation, biotur-
bation and current reworking (cf. MARr-
TIRE, 1996). The higher clay content is
most probably a secondary enrichment
due to the pressure dissolution of mic-
rite (cf. CLARI & MARTIRE, 1996).

MippLE AND UPPER JURASSIC SEDIMEN-
TARY EVOLUTION OF THE KOBARISKI
STOL AREA

Callovian to Kimmeridgian deposits of
Unit 1 were deposited in a deeper-wa-
ter environment and are dominated by
carbonate background sediments (bio-
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clastic wackestone, wackestone with
calcispheres, pelletoidal mudstone to
packstone and silicified wackestone).
Nodular structure that is present at plac-
es indicates that this depositional area
was episodically current-swept. Unit 1
also contains abundant beds composed
of shallow-water calcareous material
that was resedimented by debris flows
and turbidity currents. The redeposition
into deeper environment was from the
adjacent south lying Dinaric Carbonate
Platform that at that time represented
the only known shallow-water environ-
ment in the area. Additionally, the brec-
cias also contain reworked clasts of the
underlying deposits and also older shal-
low-water lithoclasts. This indicates an
important submarine erosional event
cutting into older substratum, which
was probably exposed due to the nor-
mal faulting. This normal faulting could
be attributed to the extensional tectonic
event in Callovian, that is well docu-
mented westward in Trento plateau (see
MARTIRE, 1996).

In the Kimmeridgian and early Tithoni-
an the nodular limestones and carbon-
ate resediments of Unit 2 were depos-
ited. The Unit 2 represents quite unique
facies association of nodular limestones
that are usually distinctive for a cur-
rent-swept isolated pelagic plateau (cf.
MARTIRE, 1989, 1992, 1996) and abun-
dant carbonate resediments contain-
ing numerous reworked shallow-water
elements (algae, coral fragments, ben-

thic foraminifera etc.). Therefore the
Kobariski Stol area at that time rep-
resented a current-swept plateau that
was nevertheless connected to adjacent
shallow-water carbonate platform as
evidenced by frequent carbonate grav-
ity flows. The composition of the resed-
imented carbonates indicates an onset
of coral-reef sedimentation in a prove-
nance area and probably also prograda-
tion of reef margin, over deeper-water
areas. Namely, the breccias composed
mainly of coral reef fragments that are
interpreted as a fore-reef facies, are well
documented in Mija-Matajur Anticline
(Busker, 1987) located southward of the
investigated area.

In early Tithonian the sedimentation of
red nodular Rosso Ammonitico facies
of Unit 3 started. It represents typical
sediment of a current-swept pelagic
plateau. It is devoid of shallow-water
elements and most probably indicates
a change in the mode of the deposition
in Dinaric Carbonate Platform from
highly productive reefs to the sedimen-
tation of algal limestones of Tithonian
age (cf. BUser, 1965; TurNSEK, 1966,
1969, 1972, 1997; STROHMENGER &
Dozer, 1991).

CORRELATION WITH THE SLOVENIAN
BASIN AND JULIAN PLATEAU

The investigated area show similari-
ties and also differences to both: Slo-
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venian Basin and Julian High paleo-
geographic domains. The correlation
with the Slovenian Basin successions
revealed that Unit 1 and 2 of the
Kobariski Stol section are time and
to some degree also facies equivalent
to the Tolmin Formation of Slovenian
Basin (Rozi¢, 2006, 2009, GORICAN et
al., 2012). The Tolmin Formation con-
tains mainly siliceous limestones and
thin-bedded radiolarian cherts with
intercalated two intervals of carbonate
resediments. Carbonate resediments of
the Unit 1, especially ooidal packstone
corresponds to the lower resedimented
limestone of the Tolmin Formation,
while carbonate resediments of Unit 2
correspond to the upper resedimented
limestone of the Tolmin Formation
(Rozic & Porit, 2006, Rozic, 2009).
The main difference between Slove-
nian Basin and Kobariski Stol area is
absence of abundant siliceous lime-
stones and radiolarian rich cherts in
the Kobariski Stol succession. This
indicates that the Slovenian Basin at
that time represented deeper sedimen-
tary environment with comparison of
Kobariski Stol area.

On the other hand, when correlating
solely the background sediments, the
Units 1, 2, and 3 represent time and
facies equivalent of the Prehodavci
Formation of the Julian Plateau (Smuc,
2005; Smuc & Rozic, 2011). In both ar-
eas condensed nodular limestones are
presents and indicate sediment-starved
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bottom current-swept deeper-water en-
vironment. The Julian Plateau howev-
er was an isolated plateau completely
devoid of any shallow-water carbonate
resediments, while Kobariski Stol area
contains abundant calciturbidites and
debris flow with shallow-water grains.
This indicate that Kobariski Stol area
was a site of condensed background
sedimentation, but was well connect-
ed to the adjacent Dinaric Carbonate
Platform and received relatively large
amount of shallow-water resedimented
material.

CONCLUSION

The Kobariski Stol area in the Mid-
dle and Upper Jurassic represents a
unique facies association of nodular
limestones, and abundant shallow-
water carbonate resediments. At that
time it represented a deeper-water
current-swept plateau that was nev-
ertheless well connected to the adja-
cent shallow-water Dinaric Carbonate
Platform. Compared to the contempo-
rary, eastward lying successions of the
Slovenian Basin, the Kobariski Stol
clearly represents shallower-water en-
vironment, that was however still lo-
cated well below photic zone. In that
sense Kobariski Stol area represents a
transitional zone between the Dinaric
Carbonate Platform located south,
the Julian High towards north and
the Slovenian Basin to the east. This
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study thus confirms the idea that the
Slovenian Basin in this part wedged
out (BUSER, 1996; BUSER & DEBELJAK,
1996; MikLavic & Rozic, 2008).
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Abstract: Above the U¢ja river canyon, NW Slovenia, an outcrop of poorly

sorted monomict Quaternary breccia, located in the fault zone of the
dextral Idrija fault, is dissected by several NW—SE oriented subverti-
cal faults and associated fault-parallel fractures. Orientation and posi-
tion of the observed faults match perfectly with one of the strands of
the Idrija fault that is exposed in Mesozoic rocks on the other side of
the river valley. Brittle structures in Quaternary and Mesozoic rocks
are consistent with N—S directed maximum horizontal compression
that is believed to prevail in the region since the early Pliocene. This is
the first direct evidence of Quaternary to recent deformation along the
Idrija fault. Activity of the fault is further indicated by dextral offsets
of the Uc¢ja river course coinciding with the strands of the Idrija fault
zone.

Izvlecek: V prelomni coni desnozmic¢nega Idrijskega preloma nad kanjo-

nom reke Ucje v severozahodnem Posocju smo nasli izdanek slabo
sortirane monomiktne kvartarne brece, ki ga sekajo SZ-JV orientira-
ni subvertikalni prelomi in vzporedne spremljajoce razpoke. Opisani
prelomi se po legi in orientaciji popolnoma ujemajo z enim od prelo-
mov notranje cone Idrijskega preloma, ki je razgaljen v mezozojskih
kamninah na nasprotni strani reke. Lomne strukture v kvartarnih in
mezozojskih kamninah so skladne z maksimalno tlacno napetostjo v
smeri S—J, ki v regiji verjetno deluje od zacetka pliocena. To je prvi
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neposredni dokaz za kvartarne do recentne deformacije ob Idrijskem
prelomu. Aktivnost preloma dodatno kazejo tudi desni zamiki reke
Ucje ob sekundarnih prelomih cone Idrijskega preloma.

Key words: Idrija fault, active tectonics, Uc¢ja/Uccea river
Kljucne besede: Idrijski prelom, aktivna tektonika, reka U¢ja

INTRODUCTION

The NW-SE trending Idrija fault is one
of the most prominent faults in the ter-
ritory of Slovenia. Along the 120 km
of its trace, the fault is very clearly ex-
pressed both in topography and in geol-
ogy by up to 15 km of dextral separation
of geological units. Due to conspicuous
geomorphic expression of the fault and
its favourable orientation with respect
to the regional N—S to NNW-SSE di-
rection of principal shortening (e.g.
VRABEC & Fopor, 2006; WEBER et al.,
2010), the Idrija fault is generally con-
sidered to be currently active. For exam-
ple, the 1511 earthquake with estimated
M = 6.9, one of the most devastating
seismic events recorded in the Eastern
Alpine region, is attributed to dextral
slip on the Idrija fault (e.g. Fitzko et al.,
2005), though the source and mecha-
nism of the earthquake remain contro-
versial (Camassi et al., 2011; Kosir &
Ckci¢, 2011). Adding to the controversy
is the apparent lack of recorded instru-
mental seismicity along the fault trace
both in map view and in cross-section
(Zverc et al., 2011), implying no signif-
icant seismic slip on the fault at least for

the last 50 years. Nevertheless, the 1998
and 2004 Posocje seismic sequences on
the Ravne fault that runs parallel to the
Idrija fault (e.g. KasTELIC et al., 2008)
provided direct evidence that NW—SE
oriented faults of western Slovenia can
be dextrally activated in the current re-
gional stress regime.

Due to the fact that the Idrija fault cuts
almost exclusively through Meso-
zoic rock units, it is quite difficult to
confirm its neotectonic activity with
conventional geological methods. As
a possible indicator of neotectonic de-
formation, the Quaternary karst poljes
located along the fault were interpreted
as pull-apart structures (VRABEC, 1994).
A detailed LIDAR-based morphologi-
cal study of a small section of the fault
trace at Kanomlja in the Idrija region
revealed several geomorphic features
that are implying Quaternary displace-
ments in the fault zone (CUNNINGHAM
et al., 2006). The Kanomlja site was
recently investigated by geophysical
profiling, which provided strong indi-
cations of recent to sub-recent faulting
along the fault zone (Bavec et al., this
volume).
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In this paper we present field observa-
tions from the NW-most part of the Id-
rija fault zone, which for the first time
confirm Quaternary to presumably re-
cent faulting along the fault.

GEOLOGICAL SETTING

The roughly E-W trending, deeply in-
cised valley of the U¢ja (Uccea) river
1s situated in NW Slovenia, close to the
Bovec basin. Ther river canyon cross-
es the entire width of the Idrija fault
zone, which makes it one of the few
localities where direct observations of
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internal structure of the fault zone are
possible. The U¢ja valley was mapped
in detail by Car & PisLIAR (1993), who
documented several fault strands and
the accompanying fracture zones. In
their map, the Idrija fault proper com-
prises three major NW-SE trending
faults, which we name the Oslovo brdo
strand, the Hlevis¢a strand, and the
Zlebisce strand (Figure 1). Older fault
sets, oriented predominately in E-W
and N-S directions, also outcrop in the
zone (CAR & PisLIAR, 1993). Whereas
the canyon mainly cuts through Late
Triassic limestones and dolomites, two
smaller blocks of Jurassic and Creta-
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Figure 1. Geographical and structural position of the investigated outcrop
in the lower U¢ja canyon in the central part of the Idrija fault zone. Geo-
logical data after Car & Pisljar (1993). Hatchured areas show the extent
of Quaternary sediments. 1) Oslovo brdo strand of the Idrija fault zone. 2)
Hlevis¢a strand. 3) Zlebis¢e strand. Topographic map from The surveying
and mapping authority of the Republic of Slovenia, National topographic
map at 1 : 25 000 scale.

RMZ-M&G 2012, 59



288

VRABEC, M.

ceous rocks are wedged between the
Oslovo brdo and Hlevisca strands
(BUSsERr, 1987; CAR & PISLIAR, 1993),
indicating significant (km-scale) dis-
placement in this part of the Idrija
fault zone. Further to the NW, the Os-
lovo brdo strand terminates eastward
continuation of a low-angle thrust of
Late Triassic limestone over the Cre-
taceous flyschoid formation (BUSER,
1987).

In 2004, a permanent extensometer
was installed on the fault plane of the
Hlevisca strand exposed at the bottom
of the Ucja valley. The 8-year time se-
ries of measurements suggests a near-
ly horizontal slip with the average
rate of 0.25 mm per year (Gosar et
al., 2011), but the results are currently
controversial since the measured slip
sense is sinistral, which is in conflict
with other geologic and geodetic in-
dicators.

The southern side of Uc¢ja valley is
predominately covered by Quater-
nary sediments (BUSERr, 1987; CarR &
PisLiar, 1993; see also Figure 1). In
the eastern part around Zaga village,
several nested terraces in fluvial grav-
els and conglomerates occur. Linear
terrace risers, generally following
the NW-SE trend of the Idrija fault
suggest possible influence of fault-
ing on shaping of terraces. Between
the Hlevis¢a fault strand and the
Zaga village, the NW-SE oriented

fault strands successively shift the
E-W directed course of U¢ja river for
100-130 m in a dextral sense that is
consistent with the Idrija fault kine-
matics (Figure 1). Towards the west,
the steeper slopes above the terraces
are covered by poorly sorted lithi-
fied breccias, interpreted as glacial
drift (Buser, 1987; Car & PISLIAR,
1993). A small, terrace-like remnant
of such sediments is preserved also on
the northern side of Ucja at Hlevisca
location (Figure 1), and additional
large accumulations occur further to
the west along the Ugja river (Car &
PiSLIAR, 1993).

We examined a large outcrop of Qua-
ternary breccia, situated below the
road that follows Uc¢ja valley from
the Zaga village towards the border
crossing with Italy (Figure 1). The
outcrop is up to 10 m high and about
100 m in length (Figure 2), and con-
sists of poorly sorted, partly blocky
breccia, containing almost exclusive-
ly clasts of Late Triassic carbonates.
The monomictic nature of the breccia
and its large vertical extent along the
valley slopes suggest that it may have
originated from slope processes rather
than from glacial deposition. At the
base of the outcrop the breccia is only
poorly lithified, which is manifested
by a prominent erosional notch (see
the right part of Figure 2). Currently
we have no firm constraints on the age
of the breccia.
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Figure 2. View of the investigated outcrop in lithified Quaternary breccia
from the north. Showed is the position of faults discussed in the text.

On its western side, the outcrop is
bound by a small branch of the Oslo-
vo brdo fault strand (Figure 1), which
is manifested by several parallel fault
planes in Late Triassic dolomite (see
for example the fault plane exposed
along the right border of Figure 2).
Quaternary breccia is cut by several
weakly-expressed fault planes that
are parallel to the NW-SE trend of
the Idrija fault zone (Figure 2). On
its eastern side, the outcrop extends
close to the Hlevisce fault strand,
but due to poor exposure no faults in
Quaternary deposits could be found
there.

RMZ-M&G 2012, 59

STRUCTURAL OBSERVATIONS

We recognized four faults cutting the
Quaternary breccia (Figure 2).

Fault A (Figure 3) is located at the bot-
tom of a small gully that probably orig-
inated along the fault (Figure 2). The
core of the subverctical fault zone is up
to 1 m wide and consists of (probably)
cataclastically modified sedimentary
breccia, which is less coherent and
darker in color than the surrounding
rock (Figure 3a). Along the core zone,
prominent intragranular fractures par-
allel to the fault cut the breccia clasts
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Figure 3. Fault A (refer to Fig. 2 for location). a) View of the core of the
fault zone (darker part, up to 1 m wide in the center of the picture with ac-
companying fracture zone. b) Fractured clasts at the SW boundary of the
core zone. ¢) Weakly developed fault-parallel fractures. d) Fault-parallel
transgranular fractures cutting boulders in breccia.
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Figure 4. Faults B and C (refer to Fig. 2 for location). a) View towards
the SW. Both faults apparently offset the vertical cliff face for ~0.5 m in a
dextral sense. b) Fault B, view from the bottom up. c¢) Fault B, view of the
fault-parallel fractures in large clasts adjacent to the fault plane.
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Figure 4. (continued) d) Weakly fractured zone adjacent to Fault B. Note
the subvertical planar fabric which is subparallel to the fault plane.

and large boulders (Figures 3a, b, c).
Along the entire length of the breccia
outcrop such fractures were only found
in close proximity to faults. Some of
the fault-parallel fractures also cut
through the whole rock (Figure 3d).
An impression of weak vertical ar-
rangement of clasts along the outer
boundary of the core zone (Figures 3c,
d) suggests partial modification of the
original rock structure by intergranular
flow.

Faults B and C (Figure 2, Figure 4a)
are discrete subvertical fault planes
with up to 0.5 m of apprent dextral
shift of the vertical cliff face. Apart
from a few very weak subhorizontal

ornamentations we were not able to
find any on-plane tectonic striations
that would reliably constrain slip direc-
tion. Prominent subvertical fractures
run parallel to the main plane, partly
occuring as intragranular fractures in
large boulders (Figure 4b, 4c). A weak
subvertical planar fabric in breccia,
manifested partly by arrangement of
clasts and partly by short discrete frac-
tures, was observed along the Fault B
(Figure 4d).

Fault D is a prominent feature at the
westernmost edge of the outcrop, at
the contact of Quaternary breccia
with Late Triassic dolomite (Figure 2,
Figure 5a). The fault dips moderatly
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Figure 5. Fault D (refer to Fig. 2 for location). a) View from the north.
Note the fault scarp in Late Triassic dolomite in the lower right corner of
the photo, covered by inclined strata of Quaternary breccia. b) Fault D,
view from the bottom up. ¢) Fault D. Note how the discrete fault plane,
visible in the upper half of the photo, disappears in the lower part of the
oucrop which is less strongly lithified.
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Figure 6. Measured orientations of faults and fractures in equal area pro-
jection, lower hemisphere plot. a) Fault A, fractures parallel to the fault.
b) Fault A, intragranular fractures in large boulders. ¢) Fault B, principal
fault plane. d) Fault B, fault-parallel fractures and small-scale faults. )
Fault B, intragranular fractures in large boulders. f) Fault D, fractures and
intragranular fractures in Quaternary breccia. g) Fault D, fault planes in
Late Triassic dolomite below the Quaternary breccia. h) Fault-slip data in
Late Triassic dolomite from the Oslovo brdo fault strand, northern slope
of U¢ja valley. 1) Fault-slip data and derived paleostress axes orientations
from the Drnohla fault zone in the western part of the U¢ja valley. Circle -
o, orientation. Triangle — o, orientation. Square — o, orientation.

RMZ-M&G 2012, 59



Evidence of Quaternary faulting in the Idrija fault zone, U¢ja canyon, NW Slovenia

295

steeply to the NE and forks into two
branches. Apparent stratification of the
breccia, manifested by weak planar
structuration and by vertical changes
in clast size, is dipping cca 30° towards
the NE, and appears draped over the
fault scarp in Triassic dolomite that
is exposed below the breccia layers
(Figure 5a). Otherwise, the stratifica-
tion of breccia along the entire inves-
tigated outcrop, where recognized, is
exclusively subhorizontal. The fault is
expressed as a predominately planar,
partly open fissure of the rock, without
parallel fracture zones such as were
observed at other faults (Figure 5b).
We therefore cannot exclude that this
fault originated due to gravitational
mass-motion, but as the fault plane
strikes nearly perpendicularly to the
vertical face of the outctrop, we find
this less likely. Downdip, at the foot of
the outcrop, the fault plane apparently
disappears in the non-lithified section
of the breccia succession (Figure 5c),
suggesting perhaps that here the dis-
placement was absorbed entirely by
intergranular flow. A few weak frac-
tures parallel to the main fault plane,
partly intragranular in character, were
observed several meters away from the
main plane.

The measured orientations of fractures
and fault planes from all four sites are
presented in Figure 6. Orientations of
structures in Quaternary breccia (Fig-
ure 6 a—f) very clearly follow the NW—
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SE trend of the Idrija fault and of the
immediately adjacent faults in Meso-
zoic rocks (Figure 6 g-h). Fault-slip
data on the Oslovo brdo strand, meas-
ured in Late Triassic dolomite at a site
accross the Uc¢ja valley in the direct
NW-ward continuation of the faults
A-D, demonstrates dextral to dextral-
normal slip on subvertical to SW-ward
dipping fault planes (Figure 6g).

For a sample paleostress inversion of
fault slip data (Figure 61), we used the
data measured in Jurassic limestone
in the NW-SE oriented Drnohla fault
zone (Car & PisLIAR, 1993), which
is located a few km west of the study
area. Inversion results confirm that the
measured dextral slip directions on
NW-SE oriented faults are consistent
with the N-S oriented compression
with E-W oriented tension that is char-
acteristic of the post-Miocene regional
stress field (VRABEC & Fopor, 2006).

DiISCUSSION AND CONCLUSIONS

The brittle deformation structures,
observed in Quaternary breccia that
is covering the southern slopes of the
U¢ja river valley, are clearly related
to Quaternary — recent motion on the
Oslovo brdo strand of the Idrija fault
zone. The faults cutting the breccia
outcrop are positioned in direct con-
tinuation of the well-exposed Oslovo
brdo fault zone which dissects Late
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Triassic dolomite on the other side of
the Ucja valley. The NW-SE trend-
ing subvertical orientation of fault and
fracture planes measured in breccia is
identical to orientations of fault planes
measured on the Oslovo brdo fault and
on other strands of the Idrija fault that
are crossing the U¢ja valley.

The origin of subvertical NW-SE
trending fractures and faults ob-
served in this study is consistent
with N-S compression in a strike-
slip stress regime. A single excep-
tion to this are N—S oriented frac-
tures in breccia boulders at the site
of Fault B (Figure 6e), which devi-
ate from the prevailing NW-SE ori-
entation. Those fractures could have
originated as tensile fractures in re-
sponse to N—S oriented maximum
horizontal compression (e.g. EIDEL-
MAN & RECHES, 1992). The preferred
mode of fracturing in Quaternary
breccia may depend on local stress
conditions, influenced perhaps by
the degree of breccia cementation.

Our observations therefore provide
for the first time the direct evidence
for Quaternary — recent dextral slip in
N-S compression along the Idrija fault
zone. Due to the setting of the inves-
tigated outcrop, it will likely not be
possible to constrain the fault slip rate,
even with improved dating of the brec-
cia. More favorable location for this
could probably be found in the vicinity

of the Zaga village, where the NW—SE
trending faults apparently offset the
U¢ja river course and shape the allu-
vial terraces south of U¢ja (e.g. Figure
1). These geomorphic features suggest
that slip is distributed across the en-
tire zone of the Idrija fault. According
to mapping of Car & PisLIaR (1993)
and our own geomorphological obser-
vations NW of Uc¢ja valley, the main
fault of the Idrija zone is the Hlevisca
strand, implying that the structures that
we observed on the Oslovo brdo strand
may be relatively minor with respect to
the main strand. Further investigations
along the strike of individual strands
may provide better data on fault slip
rates and, perhaps, on paleoseismic
events.
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Geomorfni indikatorji kvartarne aktivnosti Savskega preloma
med Golnikom in Preddvorom

Geomorphic indicators of Quaternary activity of the Sava fault
between Golnik and Preddvor
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Izvle€ek: Z metodami tektonske geomorfologije smo raziskovali geomorf-
ne znacilnosti vzdolz trase Savskega preloma, ki je med pomemb-
nejSimi aktivnimi prelomi na obmocju Slovenije. Razli¢ni geomorfni
indikatorji med Golnikom in Preddvorom potrjujejo kvartarno aktiv-
nost preloma. Na podlagi zamika vr$ajnih vrhov Kokre ocenjujemo
povprecno hitrost premikanja ob prelomu na 0,6-4,1 mm na leto za
obdobje 365—1 750 tiso¢ let pred sedanjostjo. Ta ocena se v okviru
natan¢nosti ujema z recentno hitrostjo premikov (1,0 £ 0,5) mm na
leto, ki je bila izmerjena z GPS, nasa ocena dolgorocne povprecne
hitrost premikov na podlagi geoloskih meril pa je 1,0-5,0 mm na leto
v zadnjih 20—6 milijonov let pred sedanjostjo.

Abstract: We investigated geomorphic expression of the Sava fault, one
of the most important active faults in Slovenia. Various geomorphic
indicators along the section of the fault between Golnik and Preddvor
confirm its Quaternary activity. We use offset apexes of the Kokra al-
luvial fan to estimate short-term slip-rate of the fault to 0.6-4.1 mm
per year for the period 365—1 750 thousand years BP, which agrees
with the GPS-derived recent slip-rate of (1.0 £ 0.5) mm per year,
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whereas the long-term slip-rate derived using geological criteria is
estimated to (1.0-5.0) mm per year for the last 20—6 million years BP.

Kljuc¢ne besede: Savski prelom, geomorfologija, kvartarna aktivnost
Key words: Sava fault, geomorphology, Quaternary activity

Uvop

Savski prelom je med pomembnejSimi
prelomi na obmocju Slovenije, saj oze-
mlje drzave precka po celotni dolZini (sli-
ka 1). Na Z vstopi iz Severne Italije, kjer
je poznan kot Belski prelom (Fella fault)
s slemenitvijo Z-V, v Zgornjesavsko do-
lino kot Savski prelom in poteka prek
nje do Ljubljanske kotline, kjer je njen
severni rob s slemenitvijo SZ-JV. Nje-
govo nadaljevanje proti vzhodu naj bi
bil Celjski prelom s slemenitvijo Z—V,
ki precka Tuhinjsko sinklinalo na nje-
nem severu, poteka po juznem robu
Celjske kotline (Kazmer et al., 1996;
PLACER, 1996; Fopor et al., 1998) in se
po nekaterih interpretacijah nadaljuje
do stika s Sostanjskim in Labotskim
prelomom pri Rogaski Slatini in dalje
proti E (PLACER, 1996; VraBEC & Fo-
DOR, 2006). Tako kot njegova slemeni-
tev se spreminja tudi njegov znacaj, saj
ima na obmocju Italije prelom rever-
zen do desno transpresiven znacaj, ki
postopoma prehaja v bolj desnozmic-
nega v Zgornjesavski dolini in med Je-
senicami in Preddvorom, kjer slednji¢
preide nazaj v desno transpresivne-
ga (VRaBEC, 2001; VrABEC & FODOR,
2006). Glede na podatke geoloSkega

kartiranja vpada Savski prelom strmo
proti severu (Buser, 1980; VRABEC,
2001; KasTtELIC, 2007).

Savski prelom je najjuznejs$i prelom
v Periadriatskem prelomnem sistemu
(VraBEC & Fopor, 2006). Severno je
med njim in Periadriatskim prelomom
mega strizna leca z zapletenim meha-
nizmom notranje deformacije rotacije
tektonskih lamel (Fopor et al., 1998),
juzno od njega pa pravokotna ravnica,
zapolnjena s kvartarnimi sedimenti —
Gorenjski bazen. Zadnje omenjeni je
verjetno nastal kot »pull-apart« bazen
v sproScujo¢em preskoku med Sa-
vskim in ZuZzemberskim prelomom na
jugu (npr. VRABEC, 2001).

Ugotovljene kinematske faze aktivnosti
Savskega preloma si sledijo v nasle-
dnjem zaporedju (VraBec, 2001): de-
sni zmik z glavno fazo premika, desna
transpresija in nastanek stiskajocega
prevoja med Preddvorom in Stahovico,
tenzijske do transtenzijske deformacije
ob ugrezanju Gorenjskega bazena ter
ponovna transpresija, ki traja Se danes.
Dolzina skupnega horizontalnega pre-
mika ob prelomu je bila na podlagi ko-
relacije razlicnih oligocenskih forma-
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Slika 1. Potek Savskega preloma in poenostavljena tektonska karta obmo-
¢ja (prirejeno po VRABEC & Fopor, 2006). Digitalni model reliefa je iz po-
datkov SRTM (Shuttle Radar Topography Mission), dostopnih prek Global
Land Cover Facility (http://glcf.umiacs.umd.edu/index.shtml).

cij vzdolz preloma ocenjena na 25 km
(Hinterlechner — RAVNIK & PLENICAR,
1967), 40 km (Kaz™meRr et al., 1996) ozi-
roma 65-70 km (PLACER, 1996).

Savski prelom velja za aktiven prelom
(PoLiak et al., 2000, 2010; VRABEC &
Fopor, 2006), vendar njegova kvar-
tarna aktivnost Se ni bila podrobneje
raziskana. Kvartarno aktivnost sicer
nakazujejo izrazita topografija in v re-
liefu jasno vidna trasa preloma (VRra-
BEC, 2001; KasTELIC, 2007) ter nekate-
re deformacije kvartarnih sedimentov
(VrABEC, 2001). Potencialno recentno
aktivnost preloma nakazujejo tudi hi-
pocentri potresov, ki se pojavljajo na
sirSem obmocju (PoLsak et al., 2000,
2010). Studija aktivnih premikov v
Periadriatskem prelomnem sistemu v
Sloveniji z uporabo GPS-tehnologije
je ob zahodnem delu trase Savskega
preloma ugotovila aktivne desne pre-
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mike s hitrostjo okoli 1 mm na leto
(VrABEC et al., 2006).

Kot aktiven prelom regionalnih raz-
seznosti je Savski prelom verjeten vir
seizmi¢nih dogodkov, vendar iz zgodo-
vinskih zapisov ne poznamo nobenega
unicujocega potresa, ki bi mu ga lahko
z gotovostjo pripisali. Iz kataloga po-
tresov (Z1veic, 2009) je v SirSem obmo-
¢ju Savskega preloma poznanih nekaj
potresov z magnitudami med 3 in 4,9.
Le-ti so se morda zgodili na Savskem,
morda pa na katerem od spremljajocih
prelomov, saj hipocentri niso dolo¢eni
z natanc¢nostjo, ki bi omogocala zane-
sljivo korelacijo potresov s posame-
znimi prelomi.

Da bi opredelili kvartarno aktivnost
Savskega preloma in s tem pripomo-
gli k boljSemu razumevanju njegove
recentne aktivnosti in potencialne po-
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tresne nevarnosti, smo geomorfolosko
analizirali njegovo traso na odseku
med Golnikom in Predvorom, iska-
li geomorfne indikatorje za kvartarno
aktivnost preloma in poskusili kvanti-
ficirati hitrost premikov ob njem.

TEKTONSKO-GEOMORFOLOSKA OPAZO-
VANJA

Geomorfolosko kartiranje trase Savske-
ga preloma in tektonsko-geomorfolo-
Ska opazovanja deformacij ob njem
smo izvedli z analizo Temeljnih topo-
grafskih nacrtov meril 1 : 5 000 in 1 :
10 000 (Javne informacije Slovenije,
Geodetska uprava Republike Slovenije,
TTN 5 in TTN 10, 1999), Topografskih
podatkov merila 1 : 25 000 (Javne in-
formacije Slovenije, Geodetska uprava
Republike Slovenije, GKB 25, 2005),
digitalnega modela reliefa z locljivostjo
5 m, izdelanega iz podatkov Digital-
nega modela viSin (Javne informacije
Slovenije, Geodetska uprava Republi-
ke Slovenije, DMV 5, 2006), letalskih
posnetkov v stereo parih in satelitskih
SPOT-posnetkov z locljivostjo 2,5 m v
stereo parih. Opravili smo tudi terenske
oglede zanimivih lokacij. Iz podatkov
DMV 5 so bili izdelani topografski pro-
fili in karta nagibov povrsja.

Regionalna geomorfoloSka izraZe-
nost Savskega preloma

Savski prelom je sicer med geomor-
folosko najbolj izraZenimi prelomi na

ozemlju Slovenije, vendar pa je tekton-
sko-geomorfolosko kartiranje njegove
trase pokazalo, da le-ta ni povsod ja-
sno vidna. VzdolZz Zgornjesavske doli-
ne je trasa preloma slabse izrazena, kar
bi lahko nakazovalo manjSo aktivnost
preloma na tem odseku, Se bolj verje-
ten razlog pa ti¢i v poledenitvah, pred-
vsem v zadnji ledeni dobi, ko je Savski
ledenik lahko izbrisal ves geomorfni
tektonski signal, ¢as po umiku ledenika
pa ni bil dovolj dolg, da bi se kasnejsi
premiki jasno izrazili v povrsju. Tra-
sa Savskega preloma je nato izjemno
dobro geomorfolosko izraZzena na ob-
moc¢ju med HE Moste pri Jesenicah in
Preddvorom, kjer jo definira oster lom
v naklonu povrsja (slika 2). Na tem
odseku je prelom ocitno segmentiran
na posamezne desnozmicne segmente.
Vzhodno od Preddvora preide Savski
prelom v transpresiven stiskajoci pre-
voj (iz angl. restraining bend, po VRA-
BEC, 2001), ki ga sestavljajo od SZ-JV
do ZSZ—-VIJV usmerjeni desnozmicni
do desnoreverzni prelomi in SV-JZ
do V—Z usmerjeni reverzni prelomi in
narivi (VRABEC, 2001). Trase teh pre-
lomov so relativno jasno izrazene v
reliefu med Preddvorom in Godicem.
Najjuznejsi tak prelom je Cerkeljski
pregib (po VraBEc, 2001), ki tvori do
5 m visoko stopnjo v Wiirmskem pro-
dnem vrSaju Kokre. Transpresivni sis-
tem se konca pri Godicu severno od
Kamnika, kjer preko doline Kamniske
Bistrice poteka ve¢ vej Savskega pre-
loma, ki so na tem obmocju Se jasno
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vidne v povrsju, dalje proti vzhodu pa
postane trasa preloma spet slabse ge-
omorfolosko izrazena in jo zato tu ne
bomo podrobneje obravnavali.

Lom v naklonu povr$ja vzdolz pre-
lomne trase je lahko posledica spre-
membe v litologiji preko preloma,
vendar pa lom opazamo tudi tam, kjer
litoloskih sprememb ni. Zato lomlje-

no povr§je interpretiramo kot znak
aktivnosti Savskega preloma v dolo-
c¢enem Casovnem obdobju. Dolo¢eno
c¢asovno obdobje pri tem razumemo
kot cas, ki je dovolj dolg za obpre-
lomno oblikovanje reliefa in obenem
dovolj kratek, da se tektonski relief
Se ohrani. V tektonski geomorfologiji
navadno privzamemo, da je to ¢asov-
no obdobje kar obdobje kvartarja. Ker

Nagib povrsja v stopinjah
[ 0-5,1
BE52-120

12,1 - 18,5

[ 186-246
[124,7-30,0
[130,1-363

[0 364 -43,1

[ 43,2-534

I 53,5-873

Slika 2. Karta nagibov povrs$ja z oznac¢eno aktivno traso Savskega preloma
na obmoc¢ju med Jesenicami in Tuhinjem, topografski profil preko Savske-
ga preloma pri Trzicu ter ocenjeni desni zamiki tokov vecjih rek. Na topo-
grafskem profilu je oznaceno mesto loma pobocja, kar je ena od znacilnih
geomorfoloskih oblik na trasi aktivnih prelomov. Karta nagibov povrsja in
topografski profil sta bila izdelana iz podatkov DMV 5 (Javne informaci-
je Slovenije, Geodetska uprava Republike Slovenije, DMV 5, 2006). Vir
vodotokov so Topografski podatki merila 1 : 25 000, GKB 25, podatkovni
sloj vode (Javne informacije Slovenije, Geodetska uprava Republike Slo-

venije, GKB 25, 2005).
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so kvartarno aktivni prelomi v vecini
primerov tudi recentno aktivni, lahko
spoznanja o kvartarni aktivnosti upo-
rabimo tudi kot indikacijo recentnih
premikanj.

Desnozmicna aktivnost Savskega pre-
loma v daljSem ¢asovnem obdobju je
razvidna tudi iz povijanja tokov vseh
vecjih rek, ki ga prec¢kajo. Na obmocju
med Jesenicami in Tuhinjem so to Za-
vr$nica, Begunjsc¢ica, Trziska Bistrica,
Kokra, Reka in KamnisSka Bistrica (sli-
ka 2). Zavoji teh rek nakazujejo med
okoli 1,3 km do 5,4 km desnega zmika
vzdolz slemenitve preloma. Reke ob
preckanju preloma tudi drasti¢no spre-
menijo SvVoj rezim iz vrezovanja sever-
no od preloma v akumulacijo (nasipa-
vanje) juzno od preloma, zaradi Cesar
je v kvartarju juzno od preloma nastal
sistem recnih teras in vrSajev. Danes
so te reke sicer vrezane v svoje sedi-
mente, kar pa je (najverjetneje) pred-
vsem posledica klimatskih sprememb
in z njimi povezanim padcem erozijske
baze po zadnjem glacialnem maksimu-
mu, ne moremo pa izkljuciti niti regi-
onalnega dvigovanja ozemlja. Kljub
temu je Savski prelom tudi danes iz-
razita geomorfoloska meja med gora-
tim reliefom Karavank in KamniSko-
-Savinjskih Alp severno od preloma in
nizinskim reliefom Ljubljanske kotline
juzno od njega. Iz tega sklepamo, da
ima Savski prelom tudi pomembno
vertikalno komponento premika (ali pa
jo je imel v preteklosti).

Geomorfoloska analiza med Golni-
kom in Preddvorom

Na obmoc¢ju med Golnikom in Predd-
vorom je trasa Savskega preloma ge-
omorfolosko zelo dobro izrazena. Ge-
omorfolosko kartiranje potek preloma
postavlja na kontakt med goratim ob-
mocjem, v katerega so vrezane Stevilne
doline razli¢nih velikostnih razredov,
ter pobocjem, ki ga prekrivajo vrsaji
aluvialnega in koluvialnega izvora. Na
tem kontaktu se naklon povrsja izrazi-
to lomi. Iz poteka grebenov in vodoto-
kov je razvidno, da je hidroloski relief
razvit precno na aktivni prelom, kar je
ugodneje za ugotavljanje deformacij
povrsja kot v primeru drenaze, razvi-
te vzporedno s prelomom (npr. Zgor-
njesavska dolina). Grebeni in doline
severno od preloma so usmerjeni ve-
¢inoma v smeri SV-JZ, nekaj jih ima
orientacijo S-J, nekateri pa potekajo
tudi v smeri V-Z. S slike 3 je razvidno,
da je nekaj strug potokov ob preckanju
trase Savskega preloma rahlo povitih,
kot bi bile desno zamaknjene ob pre-
lomu z dolzino premika med 100 m in
200 m. Nekaj potokov sicer takega po-
vijanja ne kaze. TakSen je denimo po-
tok Belica; njegova nedeformiranost je
morda posledica mocnejSega pretoka,
zaradi Cesar ima potok vec¢jo moc urav-
navanja struge socasno s tektonskimi
deformacijami, morda pa je drenazni
sistem mlajsi od drugih. Analiza vrsa-
jev in teras ob Belici bi lahko pokazala
zgodovino deformacij ob tem potoku.
Nedeformirana sta videti tudi potoka
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Sevnica in StraZnica, ki preckata se-
gment Golnik—Preddvor na njegovem
SZ koncu. Mislimo, da je tam desnoz-
micna deformacija zaradi prenosa pre-
mika med prelomnimi segmenti manj
lokalizirana in bi bilo potrebno daljse
obdobje, da bi lahko tam nastale vidne
deformacije povrsja.

Iz oblike povrsja so bili rekonstruira-
ni tudi obc¢asni vodotoki, ki se veCkrat
kon¢ajo v vznoZzju pobocja v obliki
manjSega vrSaja (slika 3). Prehod iz
grape v vrsaj se pogosto nahaja na pre-
lomnem kontaktu; enako kot pri stal-

Legenda
p trasa Savskega preloma
recentni vodotoki
--------- » rekonstruirani vodotoki
| ==~ potek grebenov
7 vrsaj

&

.

LW sl & 32 N7 dD X T

o

nih vodotokih in njihovih kvartarnih
vr$ajih. Geomorfolosko kartiranje teh
vrsajev Se poteka, vendar Ze njihov ob-
stoj prica o vertikalni komponenti ak-
tivnosti Savskega preloma v kvartarju.

Vrsaj Kokre

Med Stevilnimi vr$aji, ki so jih ustva-
rile reke in potoki juzno od Savskega
preloma na obmocju Gorenjskega ba-
zena, je vrSaj Kokre dale¢ najvecji in
tudi med najlepSe ohranjenimi. Njego-
va oblika je lepo vidna iz poteka pla-
stnic na dolzini okrog 10 km in Sirini
dobrih 9 km (slika 4). Na povrsju ohra-

Yo oy LWMﬂM

N
AU 0.5 1

2km ||

Slika 3. Zamiki strug manjsih vodotokov med Golnikom in Preddvorom
(oznaceni s kroznicami) ter manjsi recentni vrsaji, ki nastajajo ob zakljuc-
kih poboc¢nih grap, po katerih te¢ejo hudourniki. Vir plastnic in vodotokov
so Temeljni topografski nacrti meril 1 : 5 000 in 1 : 10 000 (Javne infor-
macije Slovenije, Geodetska uprava Republike Slovenije, TTN 5 in TTN
10, 1999).
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Legenda

Savski prelom
vodotoki
plastnice .
B st vrtaj Kokre ‘
[ ml. vrgaj Kokre
E= vriaj Reke q
nmy_| N S
540
520 N
500 ]
480
460 J Profil 2
440 -
420 i Profil 1

Slika 4. Geomorfoloska karta vrsaja Kokre. Digitalni model reliefa in pla-
stnice z ekvidistanco 25 m so izdelani iz podatkov DMV 5 (Javne informa-
cije Slovenije, Geodetska uprava Republike Slovenije, DMV 5, 2006). Vir
vodotokov so Topografski podatki merila 1 : 25 000, GKB 25, podatkovni
sloj vode (Javne informacije Slovenije, Geodetska uprava Republike Slo-
venije, GKB 25, 2005). Topografska profila 1 in 2 sta izdelana iz podatkov
DMV 5.
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njena pahljacasta oblika vr$aja je vidna
na obeh straneh danaSnje reke Kokre,
ki se vanj vrezuje. Na svojem V robu
je vrsaj Kokre prekrit z vr§ajem Reke,
ki ima Se lepSe ohranjeno povrsje in je
o€itno mlajSi. Geomorfoloski pregled
povr§ja V in Z od vrSaja Kokre naka-
zuje prisotnost podobno oblikovane
povrsine tudi vzdolz njegovih bokov,
le da ta povrSina lezi priblizno 15 m
nad njim in je manj ohranjena oziroma
je mocneje erodirana — torej starejSa
(slika 4). Podobno visje lezeCe povrsje
se nahaja tudi sredi vrSaja Kokre in je
erodirano z vseh strani. Domnevamo,
da bi te povrsine lahko bile ostanek ne-
ko€ enotne povrsine starejSega vrSaja
Kokre. Rekonstruirana enotna povrsi-
na je namre¢ podobnih razseznosti kot
mlajsi vrSaj Kokre, zaradi Cesar skle-
pamo, da jo je lahko odlozila le Kokra,
ki je edina dovolj velika reka na tem
obmocju. Topografska profila v smeri
padca obeh vrSajev (slika 4) namrec
kazeta, da imata obe povrsini enak se-
dimentacijski padec skoraj na celotni
dolZini, le da ima starejsi vrsaj v zgor-
njem delu bolj strm profil, zaradi ¢esar
bi lahko sklepali, da ga tam dodatno
prekriva mlajsi koluvij in/ali poto¢ni
vrsaj.

Starost sedimentacije opisanih vrSa-
jev je bila opredeljena z relativnimi
metodami na podlagi kartiranja kvar-
tarnih sedimentov, morfostratigrafskih
znalilnosti njihovih povrsin (ZLEB-
NIK, 1971) in znacilnosti tal (Vipic et
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al., 1991). Mlajsi vrsaj Kokre in vrsaj
Reke sta bila pripisana morfostrati-
grafski enoti Wiirm I, medtem ko so
bili deli starejSega vrSaja Kokre pri-
pisani enotam Riss, Mindel in Giinz.
KasnejSe absolutno datiranje povrsja s
kozmogenim izotopom '’Be in z anali-
zami paleomagnetizma na razli¢nih lo-
kacijah v Gorenjskem bazenu (PavicH
& Vipic, 1993; Vipic & Losnik, 1997)
uvrSca enoto Wiirm I v ¢asovno obdo-
bje med 50 tiso¢ in 70 tiso€ leti, Riss
med 435 tiso¢ in 515 tiso¢ leti, Mindel
med 780 tiso¢ in milijon leti ter Glinz
med milijon in 1 800 milijon leti. Z
uporabo morfostratigrafske korelacije
te starosti lahko uporabimo tudi za vr-
Saje Kokre, kar povzemamo v tabeli 1.

Domnevamo, da je bila kronologija
formiranja povrsja na obmocju vrsajev
Kokre in Reke naslednja (slika 5): a)
sedimentacija starejSega vrSaja Kokre,
b) erozija starejSega vrSaja Kokre, c)
sedimentacija mlajSega vrSaja Kokre,
¢) sedimentacija vrSaja Reke, d) vre-
zovanje Kokre v mlajsi vrsaj. V vec
sto tiso¢ letih oblikovanja povrsja ob
soCasni aktivnosti Savskega preloma
se premik ob prelomu izraza v zamiku
vrhov obeh vrSajev Kokre. Rekonstru-
irani polozaj vrha starejSega vrsaja se
nahaja SZ od vrha mlajSega vrsaja. Iz
njune danasnje medsebojne razdalje
ocenjujemo premik ob Savskem pre-
lomu v ¢asu med odlozitvijo starejSega
in mlajSega vr$ajana 1,0 km do 1,5 km
v smeri slemenitve preloma.
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Tabela 1. Starost vrsajev Kokre in Reke

Morfostratigrafska enota
(Vipic et al., 1991)

Absolutna starost
(Vipic & LosNIk, 1997)

Starejsi vrsaj Kokre
Wiirm [
Wiirm 1

Mlajsi vrsaj Kokre
Vrsaj Reke

Riss, Mindel ali Giinz

435-1 800 - 10° let
50-70 - 10° let
50-70 - 10° let

Slika 5. Kronologija sedimentacije vrsajev Kokre pod vplivom Savskega
preloma (zaporedje od leve proti desni).

HITROST PREMIKOV OB SAVSKEM PRE-
LOMU

Aktivnost Savskega preloma je mogo-
¢e ovrednotiti z oceno hitrosti premi-
kov ob njem, za kar je treba poznati
dolzino premika in ¢as, v katerem je
premik nastal. Povprecne hitrosti pre-
mikov (v nadaljevanju PHP) in recen-
tne hitrosti premikov (v nadaljevanju
RHP) ob prelomu lahko ocenimo na
podlagi razliénih metod. Izbira meto-
de je odvisna od Casovnega razpona,
za katerega PHP oz. RHP dolo¢amo.
S premiki, dolocenimi na podlagi ge-
oloskih meril, je praviloma mogoce
oceniti PHP za daljSe ¢asovno obdobje
(long-term slip-rate), z geomorfolosko
doloCenimi premiki za krajSe Casov-
no obdobje (short-term slip-rate), z

geodetskimi metodami pa je mogoce
dolo¢iti RHP. V literaturi so podane
razlicne ocene za dolzino premika ob
Savskem prelomu na podlagi zamika
geoloskih enot (Hinterlechner — Rav-
NIK & PLENICAR, 1967; KAZMER et al.,
1996; PLACER, 1996) in za RHP, ki je
bila izmerjena z GPS (VRraBEC et al.,
2006). K tem podatkom dodajamo Se
oceno hitrosti premikov na podlagi ge-
omorfoloskih meril, ki jih predstavlja-
mo v tem ¢lanku. Pregled vseh meril
podajamo v tabeli 2.

Pri dolo¢itvi dolzine premika na podla-
gi geoloSkih meril avtorji uporabljajo
zamik zgornjeoligocenskih vulkano-
klasticnih kamnin, manj pa je jasno,
kak$na je zgornja starostna meja za-
cetka aktivnosti Savskega preloma.
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Do sarmatija (12 milijonov let) na
obmocju osrednje Slovenije prevla-
duje morska sedimentacija, prevla-
dujoce napetostno stanje pa je tenzija
v smeri priblizno V-Z (npr. Fopor et
al., 1998), kar ne omogoca desnih pre-
mikov ob Savskem prelomu, ki so ve-
zani na kompresijo v smeri priblizno
S—J (VRABEC, 2001). Tudi po podatkih
OGK vzhodno od Kamniske Bistrice
prelomi cone Savskega preloma jasno
sekajo tam razgaljene srednjemiocen-
ske plasti (PrREmMRrU, 1983), kar posta-
vlja aktivnost Savskega preloma v ¢as
po priblizno 14 milijoni let. Ob regio-
nalnih prelomih v vzhodnem delu Peri-
adriatskega prelomnega sistema v Slo-
veniji deformirane srednjemiocenske
plasti in veliki zamiki srednjemiocen-
skih tektonostratigrafskih enot kazejo,
da so desnozmicne transpresivne de-
formacije mlajSe od srednjega mioce-
na (Fopor et al., 1998). VRaBEC (2001)
povezuje nastanek velike prevrnjene
gube v neogenskih plasteh Tunjiskega
gricevja s transpresivnimi deforma-
cijami v stiskajo¢em prevoju Savske-
ga preloma pri Kamniku, kar bi glede
na starost najmlajs$ih nagubanih plasti
omejilo aktivnost preloma na obdobje
po sarmatiju. Na podlagi regionalne
korelacije je bila glavna faza aktivno-
sti Savskega preloma vezana na nastop
inverzijske faze v Panonskem bazenu
in transpresivnega gubanja v Posa-
vskih gubah juzno od preloma pred
priblizno 6 milijoni let na prehodu iz
miocena v pliocen (VRABEC & FODOR,
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2006). Vendar pa struktura prelomne
cone v stiskajo¢em prevoju Savskega
preloma severno od Kamnika kaze, da
se je faza velikih premikov ob prelomu
zgodila Ze pred nastopom transpresiv-
nega povijanja ob prelomu (VRABEC,
2001), kar dopusca, da se je aktivnost
preloma zacela Ze pred 6 milijoni let.

V svoji oceni smo za skupno dolzino
premika ob Savskem prelomu vzeli
bolj konzervativno vrednost med 20
km in 30 km, ki je po naSem mnenju
bolj realna (VRABEC et al., v pripravi).
Za Casovno obdobje, v katerem se je
ta premik zgodil, privzemamo glede na
zgornjo diskusijo kot zgornjo mejo 20
milijonov let, kot spodnjo pa 6 milijo-
nov let (tabela 2, slika 6). Ocena dol-
gorocne PHP za Savski prelom je tako
od 1,0 mm do 5,0 mm na leto. Geo-
morfolosko ocenjena kratkoro¢na PHP
na podlagi naSe ocene zamika vrSaja
Kokre je od 0,6 mm do 4,1 mm na leto,
RHP, izmerjena z GPS, pa je okrog 1
mm na leto z natan¢nostjo okoli +0,5
mm na leto.

Pri analizi ocenjenih vrednosti je treba
upostevati, da je na ozemlju Slovenije
recentna hitrost konvergence med Ja-
dransko mikroplos¢o in Evrazijo 2—4
mm na leto (npr. WEBER et al., 2010).
Ta deformacija je porazdeljena po vseh
aktivnih strukturah ozemlja, tako da
lahko pricakujemo, da so maksimalne
hitrosti premikov ob posameznih pre-
lomih v obmocju 0,1-1,0 mm na leto.
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Tabela 2. Primerjava hitrosti premikov ob Savskem prelomu, pridobljenih z razli¢nimi
metodami

. . - Povprecna
Metoda Avtorji Zamik Starost (¢as) hitrost premika
Hinterlechner-RavNik & 106 1,3-4,2 mm
PLENICAR (1967) 25 km 6-20 - 10" let na leto
Kazumer in sod. (1996) 40 km 6-20 - 10° let 2,0-6,7 mm
Geolosko na leto
dolocen premik _
P PraCER (1996) 65-70 km 6-20 + 10° let 3,25-11,7 mm
na leto
VRABEC (2001) 30-50 km 6-20 - 10° let 1,5-8,3 mm
na leto
« ocenjen zamik vrsaja
Geomorfolosko Kokre 1LO-1,5km (3651750 10 1ery ~ -O~h1mm
dolocen premik . na leto
(ta prispevek)
+
GPS VRABEC et al. (2006) Recentno (1,0 0,5) mm
na leto

20 Ma

15 Ma —

10 Ma —|

starost

zamik oligocenskih formacij

5Ma

zamik vr$aja Kokre
I\IL\|\|\I|\I\I‘II{I‘II:I]I\Ill\l\l‘\r\l‘

0 km 5 km 10 km 15km 20 km 25 km 30 km 35 km 40 km
dolZina premika

0 Ma

Slika 6. Primerjava ocenjenih hitrosti premikov ob Savskem prelomu na
podlagi podatkov, uporabljenih v tem ¢lanku
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Palinspasti¢ne rekonstrukcije postkoli-
zijskih deformacij v Alpskem orogenu
za zadnjih 20 milijonov let ne kazejo
bistveno povecanih hitrosti tektonskih
procesov, zato hitrosti premikov ob
Savskem prelomu, ki bi bile bistveno
vi§je od danasnjih, verjetno niso geo-
losko realisti¢ne.

Geomorfolosko doloc¢ena kratkoro¢na
PHP in geodetsko izmerjena RHP se v
okviru natan¢nosti dobro ujemata (sli-
ka 6). NatancnejSe opredelitve bodo
mogoce, ko bomo podrobneje raziskali
geomorfoloSke znake aktivnosti ob Sa-
vskem prelomu in jih ustrezno natanc-
no datirali z absolutnimi metodami,
prav tako je ze v pripravi nov prera¢un
z GPS izmerjenih hitrosti tektonskih
deformacij v regiji.

Geolosko ocenjena dolgoro¢na PHP
kaze, da so bile hitrosti premikov ob
Savskem prelomu v geoloSki prete-
klosti verjetno vsaj nekoliko vecje kot
danes, saj dobimo z RHP primerljivo
hitrost le, ¢e uporabimo minimalno
dolZino premika 20 km in maksimalni
casovni razpon 20 milijonov let (slika
6), e pa uporabimo po nasem mnenju
bolj realisti¢ne vrednosti do 25 km in
do 14 milijonov let, dolgoro¢na PHP
naraste na 1,5 mm do 2,0 mm na leto.
Manj je verjetno, da je skupni desni
premik ob Savskem prelomu 40 km ali
vec, saj bi v tem primeru dobili za dva-
krat do petkrat vecje hitrosti premikov,
ki pa najbrz niso realisti¢ne (tabela 2).
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SKLEPI

Oblikovanost povrsja lahko razodene
mnogo informacij o na¢inu nastanka in
razvoja povrsja ter o dejavnikih, ki so
vplivali na procese oblikovanja. Med
drugim lahko iz oblikovanosti povrs-
ja prepoznamo tudi vplive tektonskih
procesov. Geomorfoloske informacije
so klju¢ne pri ugotavljanju kvartarne
oziroma recentne aktivnosti tektonskih
struktur v regionalnem in tudi v bolj
lokalnem merilu.

Na obmoc¢ju med HE Moste in Godi-
¢em je Savski prelom dobro geomorfo-
losko izrazen. Orientacija geomorfnih
indikatorjev precno na prelom in nji-
hova kvartarna starost omogoca izved-
bo tektonsko-geomorfoloskih analiz,
saj so indikatorji dovolj stari, da se na
njih akumulirajo deformacije, hkrati
pa so nastale geomorfne oblike osta-
le ohranjene in jih je mogoce datirati.
Nase tektonsko-geomorfoloske analize
Savskega preloma so pokazale znake
za njegovo kvartarno desnozmicno ak-
tivnost na obmoc¢ju med HE Moste in
Preddvorom ter potrdile njegov desno
transpresiven znacaj med Preddvorom
in Godi¢em. Vecje reke so desno za-
maknjene prek preloma za 1,3-5,4 km.
Med Golnikom in Preddvorom smo
ob prelomu ugotovili 100-200 m dol-
ge desne zamike potokov, na obmocju
kvartarne sedimentacije reke Kokre pa
desni zamik vrhov njenih razli¢no sta-
rih vrsajev za 1,0-1,5 km.



312

Jam8Ex Rupnik, P., BENEDETTI, L., BAVEC, M., VRABEC, M.

Ocenili smo kratkoro¢no in dolgo-
rono povpre¢no hitrost premikov
ob Savskem prelomu. Geolosko
ocenjena dolgoroc¢na PHP je od 1,0
mm do 5,0 mm na leto za obdobje v
zadnjih 20—6 milijonov let pred se-
danjostjo, geomorfolosko dolo¢ena
kratkoro¢na PHP pa od je od 0,6 mm
do 4,1 mm na leto v obdobju 365-1
750 tiso¢ let pred sedanjostjo, kar je
v okviru z GPS izmerjene recentne
hitrosti premikov (1,0 £ 0,5) mm
na leto. V prihodnje nameravamo z
natan¢nim kartiranjem geomorfnih
indikatorjev vzdolz celotne trase
Savskega preloma med HE Moste
in Godi¢em in z njihovo datacijo
natan¢neje ovrednotiti kvartarno
aktivnost preloma in s tem oceniti
stopnjo potresne nevarnosti, ki jo
pomeni prelom.

Zahvale

Raziskave so bile financirane iz sred-
stev Javne agencije za raziskovalno
dejavnost Republike Slovenije prek
projektov L1-2383 Seizmotektonski
model Ljubljanske kotline, J6-4016
Vzorci prilagajanja clovekovih de-
javnosti spremembam v okolju po
zadnjem glacialnem maksimumu v
Sloveniji, programa P1 — 0011 Regio-
nalna geologija in usposabljanja mla-
dega raziskovalca (pogodba st. 1000-
09-310068).
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INSTRUCTIONS TO AUTHORS

RMZ-MATERIALS & GEOENVIRONMENT (RMZ- Materiali in
geookolje) is a periodical publication with four issues per year (established 1952
and renamed to RMZ-M&G in 1998). The main topics of contents are Mining
and Geotechnology, Metallurgy and Materials, Geology and Geoenvironment.

RMZ-M&G publishes original Scientific articles, Review papers, Preliminary
notes, Professional papers in English. In addition, evaluations of other
publications (books, monographs,...), In memoriam, Professional remarks and
reviews are welcome. The Title, Abstract and Key words in Slovene will be
included by the author(s) or will be provided by the referee or the Editorial
Office.

* Additional information and remarks for Slovenian authors:
Only Professional papers, Publications notes, Events notes, Discussion of papers
and In memoriam, will be exceptionally published in the Slovenian language.

Authorship and originality of the contributions. Authors are responsible for
originality of presented data, ideas and conclusions as well as for correct citation
of data adopted from other sources. The publication in RMZ-M&G obligate
authors that the article will not be published anywhere else in the same form.

Specification of Contributions
RMZ-M&G will publish papers of the following categories:

Full papers (optimal number of pages is 7 to 15, longer articles should be
discussed with Editor prior to submission). An abstract is required.
e Original scientific papers represent unpublished results of original
research.
e Review papers summarize previously published scientific, research and/
or expertise articles on the new scientific level and can contain also other
cited sources, which are not mainly result of author(s).
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e Preliminary notes represent preliminary research findings, which should
be published rapidly.

e Professional papersaretheresultoftechnological research achievements,
application research results and information about achievements in
practice and industry.

Short papers (the number of pages is limited to 1 for Discussion of papers and
2 pages for Publication note, Event note and In Memoriam). No abstract is
required for short papers.

e Publication notes contain author’s opinion on new published books,
monographs, textbooks, or other published material. A figure of cover
page is expected.

¢ Event notes in which descriptions of a scientific or professional event
are given.

e Discussion of papers (Comments) where only professional
disagreements can be discussed. Normally the source author(s) reply the
remarks in the same issue.

¢ In memoriam (a photo is expected).

Supervision and review of manuscripts. All manuscripts will be supervised.
The referees evaluate manuscripts and can ask authors to change particular
segments, and propose to the Editor the acceptability of submitted articles.
Authors can suggest the referee but Editor has a right to choose another. The
name of the referee remains anonymous. The technical corrections will be
done too and authors can be asked to correct missing items. The final decision
whether the manuscript will be published is made by the Editor in Chief.

The Form of the Manuscript

The manuscript should be submitted as a complete hard copy including figures and
tables. The figures should also be enclosed separately, both charts and photos in
the original version. In addition, all material should also be provided in electronic
form on a diskette or a CD. The necessary information can conveniently also be
delivered by E-mail.
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Composition of manuscript is defined in the attached Template

The original file of Template is available on RMZ-Materials and Geoenvironment
Home page address:

http://www.rmz-mg.com

References - can be arranged in two ways:

- first possibility: alphabetic arrangement of first authors - in text: (Borgne, 1955),
or

- second possibility: 'numerated in the same order as cited in the text: example!!!

Format of papers in journals:
LE BorGNE, E. (1955): Susceptibilite magnetic anomale du sol superficiel.
Annales de Geophysique, 11, pp. 399—419.

Format of books:
RoBERTs, J. L. (1989): Geological structures, MacMillan, London, 250 p.

Text on the hard print copy can be prepared with any text-processor. The
electronic version on the diskette, CD or E-mail transfer should be in MS Word
or ASCII format.

Captions of figures and tables should be enclosed separately.

Figures (graphs and photos) and tables should be original and sent separately in
addition to text. They can be prepared on paper or computer designed (MSExcel,
Corel, Acad).

Format. Electronic figures are recommended to be in CDR, Al, EPS, TIF or JPG
formats. Resolution of bitmap graphics (TIF, JPG) should be at least 300 dpi.
Text in vector graphics (CDR, Al, EPS) must be in MSWord Times typography
or converted in curves.

Color prints. Authors will be charged for color prints of figures and photos.
Labeling of the additionally provided material for the manuscript should be very
clear and must contain at least the lead author’s name, address, the beginning of
the title and the date of delivery of the manuscript. In case of an E-mail transfer
the exact message with above asked data must accompany the attachment with
the file containing the manuscript.
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Information about RMZ-M&G:

Editor in Chief prof. dr. Peter Fajfar (phone: ++386 1 2000451) or

Secretary Barbara Bohar Bobnar, univ. dipl. ing. geol. (phone: ++386 1 4704-
630),

Askerceva 12, 1000 Ljubljana, Slovenia

or at E-mail addresses:

peter.fajfar@omm.ntf.uni-j.si,

barbara.bohar@geo.ntf.uni-lj.si

Sending of manuscripts. Manuscripts can be sent by mail to the Editorial
Office address:
o RMZ-Materials & Geoenvironment
Askerceva 12,
1000 Ljubljana, Slovenia
or delivered to:
J Reception of the Faculty of Natural Science and Engineering (for RMZ-
M&G)
Askerceva 12,
1000 Ljubljana, Slovenia
o E-mail - addresses of Editor and Secretary
o You can also contact them on their phone numbers.

These instructions are valid from August 2009
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NAVODILA AVTORJEM

RMZ-MATERIALS AND GEOENVIRONMENT (RMZ- Materiali in
geookolje) — kratica RMZ-M&G - je revija (ustanovljena kot zbornik 1952 in
preimenovana v revijo RMZ-M&G 1998), ki izhaja vsako leto v Stirih zvezkih.
V reviji objavljamo prispevke s podroc¢ja rudarstva, geotehnologije, materialov,
metalurgije, geologije in geookolja.

RMZ- M&G objavlja izvirne znanstvene, pregledne in strokovne ¢lanke
ter predhodne objave samo v angleSkem jeziku. Strokovni ¢lanki so lahko
izjemoma napisani v slovenskem jeziku. Kot dodatek so zaZelene recenzije
drugih publikacij (knjig, monografij ...), nekrologi In Memoriam, predstavitve
znanstvenih in strokovnih dogodkov, kratke objave in strokovne replike na
¢lanke objavljene v RMZ-M&G v slovenskem ali angleSkem jeziku. Prispevki
naj bodo kratki in jasni.

Avtorstvo in izvirnost prispevkov. Avtorji so odgovorni za izvirnost podatkov,
idej in sklepov v predlozenem prispevku oziroma za pravilno citiranje privzetih
podatkov. Z objavo v RMZ-M&G se tudi obvezejo, da ne bodo nikjer drugje
objavili enakega prispevka.

Vrste prispevkov

Optimalno Stevilo strani je 7 do 15, za daljse clanke je potrebno soglasje
glavnega urednika.

Izvirni znanstveni ¢lanki opisujejo Se neobjavljene rezultate lastnih raziskav.
Pregledni ¢lanki povzemajo Ze objavljene znanstvene, raziskovalne ali
strokovne dosezke na novem znanstvenem nivoju in lahko vsebujejo tudi druge
(citirane) vire, ki niso ve€insko rezultat dela avtorjev.

Predhodna objava povzema izsledke raziskave, ki je v teku in zahteva hitro
objavo.

Strokovni €lanki vsebujejo rezultate tehnoloSkih doseZkov, razvojnih projektov
in druge informacije iz prakse.

Recenzije publikacij zajemajo ocene novih knjig, monografij, u¢benikov, razstav
...(do dve strani; zaZelena slika naslovnice in kratka navedba osnovnih podatkov
- izkaznica).
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In memoriam (do dve strani, zazelena slika).

Strokovne pripombe na objavljene ¢lanke ne smejo presegati ene strani in
opozarjajo izklju¢no na strokovne nedoslednosti objavljenih ¢lankov v prejSnjih
Stevilkah RMZ-M&G. Praviloma Ze v isti Stevilki avtorji prvotnega clanka
napisejo odgovor na pripombe.

Poljudni ¢lanki, ki povzemajo znanstvene in strokovne dogodke (do dve strani).

Recenzije. Vsi prispevki bodo predlozeni v recenzijo. Recenzent oceni
primernost prispevka za objavo in lahko predlaga kot pogoj za objavo dopolnilo
k prispevku. Recenzenta izbere UredniStvo med strokovnjaki, ki so dejavni na
sorodnih podroc¢jih, kot jih obravnava prispevek. Avtorji lahko sami predlagajo
recenzenta, vendar si uredniStvo pridrzuje pravico, da izbere drugega recenzenta.
Recenzent ostane anonimen. Prispevki bodo tudi tehni¢no ocenjeni in avtorji
so dolzni popraviti pomanjkljivosti. Konéno odlocitev za objavo da glavni in
odgovorni urednik.

Oblika prispevka

Prispevek predlozite v tiskanem oStevil¢enem izvodu (po moznosti z vklju€enimi
slikami in tabelami) ter na disketi ali CD, lahko pa ga posljete tudi prek E-maila.
Slike in grafe je mozno poslati tudi risane na papirju, fotografije naj bodo
originalne.

Raz¢lenitev prispevka:
Predloga za pisanje ¢lanka se nahaja na spletni strani:
http://www.rmz-mg.com/predloga.htm

Seznam literature je lahko urejen na dva nacina:
-po abecednem zaporedju prvih avtorjev ali
-po Mvrstnem zaporedju citiranosti v prispevku.

Oblika je za oba nacina enaka:

Clanki:
LE BorGNE, E. (1955): Susceptibilite magnetic anomale du sol superficiel.
Annales de Geophysique; Vol. 11, pp. 399-419.
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Knjige:
RoBERTS, J. L. (1989): Geological structures, MacMillan, London, 250 p.

Tekst izpisanega izvoda je lahko pripravljen v kateremkoli urejevalniku. Na
disketi, CD ali v elektronskem prenosu pa mora biti v MS Word ali v ASCII
obliki.

Naslovi slik in tabel naj bodo prilozeni posebej. Naslove slik, tabel in celotno
besedilo, ki se pojavlja na slikah in tabelah, je potrebno navesti v angleSkem in
slovenskem jeziku.

Slike (ilustracije in fotografije) in tabele morajo biti izvirne in prilozene posebe;j.
Njihov polozaj v besedilu mora biti jasen iz priloZzenega kompletnega izvoda.
Narejene so lahko na papirju ali pa v racunalniski obliki (MS Excel, Corel, Acad).
Format elektronskih slik naj bo v EPS, TIF ali JPG obliki z locljivostjo okrog
300 dpi. Tekst v grafiki naj bo v Times tipografiji.

Barvne slike. Objavo barvnih slik sofinancirajo avtorji

Oznacenost poslanega materiala. Izpisan izvod, disketa ali CD morajo biti
jasno oznaceni — vsaj z imenom prvega avtorja, zaCetkom naslova in datumom
izroCitve urednistvu RMZ-M&G. Elektronski prenos mora biti pospremljen z
jasnim sporocilom in z enakimi podatki kot velja za ostale na¢ine posredovanja.

Informacije o RMZ-M&G: urednik prof. dr. Peter Fajfar, univ. dipl. ing. metal.
(tel. ++386 1 2000451) ali tajnica Barbara Bohar Bobnar, univ. dipl. ing. geol.
(tel. ++386 1 4704630), Askerceva 12, 1000 Ljubljana

ali na E-mail naslovih:

peter.fajfar@omm.ntf.uni-lj.si

barbara.bohar@geo.ntf.uni-lj.si

Posiljanje prispevkov. Prispevke posljite priporo¢eno na naslov UredniStva:
e RMZ-Materials and Geoenvironment
Askerceva 12,
1000 Ljubljana, Slovenija
oziroma jih oddajte v
e Recepciji NaravoslovnotehniSke fakultete (pritlicje) (za RMZ-M&G)
Askerceva 12,
1000 Ljubljana, Slovenija
e Mozna je tudi oddaja pri uredniku oziroma pri tajnici.

Navodila veljajo od avgusta 2009.
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TEMPLATE

The title of the manuscript should be written in bold letters
(Times New Roman, 14, Center)

Naslov ¢lanka (Times New Roman, 14, Center)

NAME SURNAME!, ..., & NaME SURNAME® (TiMES NEw Roman, 12, CENTER)

* University of ..., Faculty of ..., Address..., Country ... (Times New Roman, 11,
Center)

*Corresponding author. E-mail: ... (Times New Roman, 11, Center)

Abstract (Times New Roman, Normal, 11): The abstract should be
concise and should present the aim of the work, essential results
and conclusion. It should be typed in font size 11, single-spaced.
Except for the first line, the text should be indented from the left
margin by 10 mm. The length should not exceed fifteen (15) lines
(10 are recommended).

Izvlec¢ek (Times New Roman, navadno, 11): Kratek izvlecek namena
¢lanka ter klju¢nih rezultatov in ugotovitev. Razen prve vrstice naj
bo tekst zamaknjen z levega roba za 10 mm. Dolzina naj ne presega
petnajst (15) vrstic (10 je priporoceno).

Key words: a list of up to 5 key words (3 to 5) that will be useful for
indexing or searching. Use the same styling as for abstract.

Kljucne besede: seznam najve¢ 5 kljuénih besed (3—5) za pomo¢ pri
indeksiranju ali iskanju. Uporabite enako obliko kot za izvlecek.

InTrRODUCTION (TIMES NEW ROMAN, BoLD, 12)

Two lines below the keywords begin the introduction. Use Times New Roman,
font size 12, Justify alignment.
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There are two (2) admissible methods of citing references in text:

1. by stating the first author and the year of publication of the reference
in the parenthesis at the appropriate place in the text and arranging the
reference list in the alphabetic order of first authors; e.g.:

“Detailed information about geohistorical development of this zone can
be found in: ANTONUEVIC (1957), GRUBIC (1962), ...”
“... the method was described previously (Hoers, 1996)”

2. by consecutive Arabic numerals in square brackets, superscripted at the
appropriate place in the text and arranging the reference list at the end of
the text in the like manner; e.g.:

“... while the portal was made in Zope environment. *”

MATERIALS AND METHODS (TiMEs NEw Roman, BoLp, 12)

This section describes the available data and procedure of work and therefore
provides enough information to allow the interpretation of the results, obtained
by the used methods.

REsuLTs AND DIscussiON (Times NEw Roman, BoLp, 12)

Tables, figures, pictures, and schemes should be incorporated in the text at the
appropriate place and should fit on one page. Break larger schemes and tables
into smaller parts to prevent extending over more than one page.

Concrusions (Tives NEw Roman, BoLp, 12)

This paragraph summarizes the results and draws conclusions.

Acknowledgements (Times New Roman, Bold, 12, Center - optional)

This work was supported by the ***%*,
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REFERENCES (TiMEs NEw RomAN, BoLp, 12)

In regard to the method used in the text, the styling, punctuation and capitalization
should conform to the following:

FIRST OPTION - in alphabetical order

Casari, P., JapouL, F., Nicora, A., MARINELLI, M., FANTINI-SESTINI, N. & Fois, E. (1981):
Geologia della Valle del’ Anisici e dei gruppi M. Popera - Tre Cime di Lavaredo
(Dolomiti Orientali). Riv. Ital. Paleont.; Vol. 87, No. 3, pp. 391-400, Milano.

Fork, R. L. (1959): Practical petrographic classification of limestones. Amer. Ass.
Petrol. Geol. Bull.; Vol. 43, No. 1, pp. 1-38, Tulsa.

SECOND OPTION - in numerical order

. Treex, B. (2001): Solute transport monitoring in the unsaturated zone of the karst
aquifer by natural tracers. Ph. D. Thesis. Ljubljana: University of Ljubljana
2001; 125 p.

el Hicasnitani, K., Iseri, H., OkuHARA, K., HATADE, S. (1995): Magnetic Effects on Zeta
Potential and Diffusivity of Nonmagnetic Particles. Journal of Colloid and
Interface Science, 172, pp. 383-388.

Citing the Internet site:

CASREACT-Chemical reactions database [online]. Chemical Abstracts Service, 2000,
updated 2. 2. 2000 [cited 3. 2. 2000]. Accessible on Internet: http://www.cas.org/
CASFILES/casreact.html.

Texts in Slovene (title, abstract and key words) can be written by the
author(s) or will be provided by the referee or by the Editorial Board.
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PREDLOGA ZA SLOVENSKE CLANKE
Naslov ¢lanka (Times New Roman, 14, Na sredino)

The title of the manuscript should be written in bold letters
(Times New Roman, 14, Center)

IME Privek !, ..., IME PRMEK® (TiMES NEw RomaN, 12, NA SREDINO)

XUniverza..., Fakulteta..., Naslov..., Drzava... (Times New Roman, 11, Center)

*Korespondencni avtor. E-mail: ... (Times New Roman, 11, Center)

Izvle¢ek (Times New Roman, Navadno, 11): Kratek izvle¢ek namena
¢lanka ter klju¢nih rezultatov in ugotovitev. Razen prve j bo tekst
zamaknjen z levega roba za 10 mm. DolZina naj ne presega petnajst
(15) vrstic (10 je priporoceno).

Abstract (Times New Roman, Normal, 11): The abstract should be
concise and should present the aim of the work, essential results and
conclusion. It should be typed in font size 11, single-spaced. Except
for the first line, the text should be indented from the left margin
by 10 mm. The length should not exceed fifteen (15) lines (10 are
recommended).

Kljucne besede: seznam najve¢ 5 kljuénih besed (3—5) za pomo¢ pri
indeksiranju ali iskanju. Uporabite enako obliko kot za izvlecek.

Key words: a list of up to 5 key words (3 to 5) that will be useful for
indexing or searching. Use the same styling as for abstract.

Uvobp (Times NEw Roman, Krerko, 12)

Dve vrstici pod kljuénimi besedami se zacne Uvod. Uporabite pisavo Times
New Roman, velikost ¢rk 12, z obojestransko poravnavo. Naslovi slik in tabel
(vkljuéno z besedilom v slikah) morajo biti v slovenskem jeziku.

Slika (Tabela) X. Pripadajoce besedilo k sliki (tabeli)
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Obstajata dve sprejemljivi metodi navajanja referenc:

1. z navedbo prvega avtorja in letnice objave reference v oklepaju na
ustreznem mestu v tekstu in z ureditvijo seznama referenc po abecednem
zaporedju prvih avtorjev; npr.:

“Detailed information about geohistorical development of this zone can be
found in: ANTONUEVIC (1957), GRUBIC (1962), ...”

“... the method was described previously (Hokrs, 1996)”

ali
2. z zaporednimi arabskimi Stevilkami v oglatih oklepajih na ustreznem

mestu v tekstu in z ureditvijo seznama referenc v Stevilénem zaporedju
navajanja; npr.;
“... while the portal was made in Zope!®! environment.”

MaTERIALI IN METODE (TiMEs NEw Roman, Kreprko, 12)

Ta del opisuje razpolozljive podatke, metode in nacin dela ter omogoc¢a zadostno

koli¢ino informacij, da lahko z opisanimi metodami delo ponovimo.

RezuLtATI IN RAZPRAVA (TIMES NEW RoMAN, KREPKO, 12)

Tabele, sheme in slike je treba vnesti (z ukazom Insert, ne Paste) v tekst na

ustreznem mestu. Vecje sheme in tabele je po treba lociti na manjSe dele, da ne

presegajo ene strani.

SkLEPI (TiMEs NEw Roman, Krepko, 12)

Povzetek rezultatov in sklepi.
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Zahvale (Times New Roman, Krepko, 12, Na sredino - opcija)

Izvedbo tega dela je omogocilo .........

Viri (Times NEw Roman, Krepko, 12)

Glede na uporabljeno metodo citiranja referenc v tekstu upostevajte eno od
naslednjih oblik:

PRVA MOZNOST (priporo&ena) - v abecednem zaporedju

Casari, P., Japout, F., Nicora, A., MARINELLI, M., FANTINI-SESTINI, N. & Fors, E. (1981):
Geologia della Valle del’ Anisici e dei gruppi M. Popera — Tre Cime di Lavaredo
(Dolomiti Orientali). Riv. Ital. Paleont.; Vol. 87, No. 3, pp. 391-400, Milano.

FoLk, R. L. (1959): Practical petrographic classification of limestones. Amer: Ass. Petrol.
Geol. Bull.; Vol. 43, No. 1, pp. 1-38, Tulsa.

DRUGA MOZNOST - v numeri¢nem zaporedju

" Treex, B. (2001): Solute transport monitoring in the unsaturated zone of the karst
aquifer by natural tracers. Ph. D. Thesis. Ljubljana: University of Ljubljana
2001; 125 p.

* Higastrrany, K., Isery, H., OKUHARA, K., HATADE, S. (1995): Magnetic Effects on Zeta
Potential and Diffusivity of Nonmagnetic Particles. Journal of Colloid and
Interface Science, 172, pp. 383-388.

Citiranje spletne strani:

CASREACT-Chemical reactions database [online]. Chemical Abstracts Service, 2000,
obnovljeno 2. 2. 2000 [citirano 3. 2. 2000]. Dostopno na svetovnem spletu: http://www.
cas.org/CASFILES/casreact.html.

Znanstveni, pregledni in strokovni ¢lanki ter predhodne objave se objavijo

v angleSkem jeziku. Izjemoma se strokovni ¢lanek objavi v slovenskem
jeziku.

RMZ-M&G 2012, 59






Askerceva cesta 12
1000 Ljubljana

Univerza v Ljubljani, Naravoslovhotehniska fakulteta

Oddelek za materiale
in metalurgijo

Telefon: (01) 470 46 08, internetni naslov:
E-posta: omm@ntf.uni-lj.si http://www.ntf.uni-lj.si/



Skupina 'm

)

PREMOGOVNIK

v E L E N J E

PREMOGOVNIK VELENJE
je pomemben in zanesljiv ¢len

v oskrbi Slovenije
z elektricno energijo.

Zavedamo se odgovornosti do
lastnikov, zaposlenih in okolja.




Slevenceva 93
SI 1000 Ljubljana

tel.: +386.(1) 560 36 00
fax: +386 (1) 534716 80
WWW.1rgo:sI

Inzenirska geologija
Hidrogeologija
Geomehanika
Projektiranje
Tehnologije za-okolje -
Svetovanjedfinads




