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V spomin Mihi Marinku [landru

V juliju 2006 nas je potiho, po hudi bolezni zapustil
sodelavec Miha Marinko [lander. Komajda smo kaj ve-
deli o tem, kako se po~uti, saj je do zadnjega zanesljivo in
aktivno opravljal svoje delo.

Na Geolo{kem zavodu Ljubljana se je po srednji {oli
zaposlil na Oddelku za hidrogeologijo in in‘enirsko geo-
logijo leta 1969. Prakti~no delo ga je pritegnilo bolj kot
akademski {tudij. V prvih letih slu‘bovanja je kot bister
~lovek hitro pridobival strokovno znanje, iz prakti~nih
primerov kot tudi iz literature. Svoje strokovno znanje je
nenehno poglabljal in ga delil z nami.

Sodeloval je pri skoraj vseh ve~jih hidrogeolo{kih pro-
jektih v Sloveniji v zadnjih 30-tih letih. Zanimalo ga je
vse v povezavi s hidrogeologijo. Posebej uspe{en je bil pri
re{evanju prakti~nih problemov, ukvarjal se je s tehnolo-
gijo vrtanja in tehni~no izvedbo meritev in preizkusov.
Tako je bil med drugim idejni vodja razvoja prvega slo-
venskega elektronskega in{trumenta za meritve v vrti-
nah.

V okviru Geolo{kega zavoda Ljubljana je bil vklju~en v {tevilne hidrogeolo{ke in in‘enirsko
geolo{ke projekte v Sloveniji in na ozemlju biv{e Jugoslavije (Kladu{a, Gra~anica, Kur{umli-
ja, Makedonija, Bar ...). Sodeloval je tudi pri hidrogeolo{kih raziskavah v Iranu in Burundiju.

Poskusimo na{teti nekaj projektov v Sloveniji, ki jim je Miha dal najve~ji pe~at. To so
zagotovo projekti za raziskave in izkori{~anje podzemne vode v Slovenskem Primorju v
tehnolo{ke, vodooskrbne ter balneolo{ke namene, projekti za vodooskrbo ob~in Zagorje,
Trbovlje in Hrastnik, projekti za alternativno vodooskrbo mesta Maribor v Selnici, Ru{ah in
dolini Lobnice kakor tudi projekt mo‘nosti izkori{~anja podzemne vode iz masiva Kobari{ke-
ga Stola. Omenimo {e njegov prispevek pri raziskavah za podzemno skladi{~enje plina v
Sloveniji ter pri seizmi~ni mikrorajonizaciji obmo~ja ob~ine Bar po potresu v ^rni gori. V
novej{em ~asu ga je kot Ljubljan~ana zanimala tudi preskrba Ljubljane s kvalitetno pitno
vodo. Predlagal je raziskave v karbonatnih masivih Krima in pregled mo‘nosti zajema vode v
karbonatnih kamninah pod Barjem.

Imel je jasno sliko o hidrogeolo{kih razmerah v Sloveniji in predlagal je ve~ mo‘nosti
izkori{~anja podzemne vode. Tem na~rtom je posvetil precej ~asa in energije, saj je od prve
ideje do realizacije lahko trajalo tudi ve~ kot deset let. Miha je ves ta ~as pri svojih zamislih
vztrajal, dokler jih nismo pri~eli uresni~evati. Nekaj njegovih predlogov nas {e vedno ~aka, le
da jih bomo poskusili uresni~iti brez njegove pomo~i.

Pri delu na raznovrstnih projektih si je pridobil dragocene izku{nje, s katerimi nam je rad
pomagal. Poznali smo ga kot odkritosr~nega ~loveka z dobrim spominom in kriti~nih misli.
Pogosto nam je bil svetovalec pri projektih, na{ mentor. Svoje zamisli je delil z drugimi, tako
da se je za marsikatero dobro re{itev ‘e pozabilo, da jo je prav on spodbudil. Iskreno se je



6

veselil vsakega uspeha tako sodelavcev kot tudi drugih, bil pa je precej kriti~en do nelogi~no
zastavljenih projektov, ki so bili ‘e vnaprej obsojeni na neuspeh. [e posebej ni odobraval
nepremi{ljenosti pri dragih projektih z globokimi vrtinami.

Miha je bil svojevrsten in rado‘iv ~lovek, ki je znal gledati s srcem. Bil je univerzalni geolog
s {irokim znanjem, ki je segalo ~ez strokovno podro~je hidrogeologije. Spominjamo se ga po
njegovi neusahljivi zmo‘nosti porajanja zamisli, ki nas {e vedno navdihujejo.

Andrej Lapanje
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Late Eocene benthic foraminiferal fauna from clastic sequence
of the Socka - Dobrna area and its chronostratigraphic

importance (Slovenia)

Poznoeocenska benti~na foraminiferna favna iz klasti~nega zaporedja med Socko
in Dobrno in njen kronostratigrafski pomen

Franc CIMERMAN1, Bogomir JELEN2 & Dragomir SKABERNE2

1Paleontolo{ki in{titut Ivana Rakovca ZRC-SAZU, Novi trg 2, SI -1000 Ljubljana
cimerman@zrc-sazu.si

2Geolo{ki zavod Slovenije, Dimi~eva 14, SI -1109 Ljubljana
bogomir.jelen@geo-zs.si; dragomir.skaberne@geo-zs.si;

Key words: Benthic foraminifera, Upper Eocene, Priabonian, Socka beds, Socka, Dobrna,
Slovenia

Klju~ne besede: benti~ne foraminifere, zgornji eocen, priabonij, sote{ke plasti, Socka,
Dobrna, Slovenija

Abstract

We surveyed, sampled and described Late Eocene (Priabonian) benthic foraminiferal
fauna from two sections in the type locality of the Socka beds, between Socka and Dobrna.
We present a short history of research of these beds emphasising their dating, from the
middle of 19th century on. We describe the lithological characteristics and lithostratigraphy
of the sections. In total 118 taxa of benthic foraminifers were identified, and the Priabonian
age of the Soca beds established.

Kratka vsebina

V ~lanku obravnavamo pozno eocensko (priabonijsko) benti~no foraminiferno favno iz
dveh profilov, ki smo ju posneli in vzor~evali na tipi~nem ozemlju sote{kih plasti med
Socko in Dobrno. V uvodu je predstavljena kratka zgodovina raziskovanj sote{kih plasti,
predvsem problem njihove starosti, od sredine 19. stoletja do danes. Opisane so litolo{ke
zna~ilnosti in litostratigrafija obeh profilov. Skupno je bilo dolo~enih 118 taksonov
benti~nih foraminifer in ugotovljena priabonijska starost sote{kih plasti.

Introduction

This paper contains only a portion of a
broader Geological Survey of Slovenia
project, Tertiary Tectofacies of the Southern
Karavanke Mountains. Its goal was to de-
scribe and evaluate the stratigraphy of the

Southern Karavanke Tertiary, the type lo-
cality of the Socka beds between Socka and
Dobrna (Fig. 1), and to compare it with the
stratigraphy in other Slovenian Tertiary
tectonostratigraphic units. The history sec-
tion was written by Bogomir Jelen, the litho-
logic and lithostratigraphic description of
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sections by Dragomir Skaberne, and benthic
foraminifers were described by Franc
Cimerman.

Historical development of the problem

The problems associated with the stratig-
raphy of the Southern Karavanke Tertiary
were recognized in the middle of the 19th cen-
tury because of interest in the fast-growing
coal industry. Coal exposures are not rare in
basal Tertiary beds in central and eastern
Slovenia, at that time a part of the Austrian-
Hungarian Empire. These were targeted by
geologists from the just established State
Geological Survey in Vienna. Initially they
distinguished between higher grade Glanz-
kohle (German term for bituminous and sub-
bituminous coal in English terminology),
which occurred in the northern coal belt be-
tween the Drava and Savinja rivers, and the

lower grade brown coal from the southern
belt between the Savinja and Sava rivers.

M o r l o t  (1849a) was the first to assign
an Eocene age to the basal coal-bearing
strata at Socka and Dobrna in the northern
coal belt, and in 1850 the Miocene age of the
southern, brown coal-bearing strata (note
that the Oligocene Formation was estab-
lished later, in 1854). M o r l o t ’ s  (1849a)
statement was based on Unger’s opinion (in
Mo r l o t , 1849b) of an Eocene age of the
Socka macroflora. Influenced by the pale-
obotanist B u c h  (1851), M o r l o t  in 1853
changed his mind, and accepted a Miocene
age for the Socka flora. Thus he started the
painful flip-flopping leaps from one age of
the Socka beds to another and back, which
lasted for a century and a half. E t t i n g s -
h a u s e n  (1853) noted that the fossil macro-
flora from the Zagorje locality in the south-
ern coal belt was like the Eocene flora with
many Miocene species.

Fig. 1. Location map showing Socka-Dobrna area and detailed position of studied sections
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R o l l e  (1857, 1858) first tackled “this
hard problem” in his own words, after the
introduction of the Oligocene as a new ep-
och between the Eocene and the Miocene
Formations. He was not very successful, but
he was probably the first researcher who
used the term Socka beds (in German,
Sotzka-Schichten; R o l l e , 1858) for the
basal Tertiary fresh water coal-bearing
strata of the middle and northern coal belts.
Namely, he introduced in the former north
coal belt the middle coal belt, based on
lithological differences and fossil content,
but without evidence for age differentiation
(R o l l e , 1857). He (R o l l e , 1858) assumed
the Socka beds were Eocene and/or Oli-
gocene in age. E t t i n g s h a u s e n  (1858)
published an article which revised U n g e r ’s
flora and proposed a Late Eocene age of the
Socka beds. Z o l l i k o f e r  (1859) stated that
the coal-bearing strata of the southern coal
belt are Oligocene. In contrast, in his 1861/
1862 work in which Zollikofer dealt with
the area east of the Savinja river, he dis-
missed the Oligocene age and subdivided the
coal-bearing strata in the southern coal belt
between the Eocene to Oligocene and the
earliest Neogene age.

E t t i n g s h a u s e n  (1872, 1877, 1885)
dealt with the fossil leaf assemblages from
the southern coal belt in detail. The assem-
blage from the coal footwall indicated a
tropical, or at least subtropical climate,
whereas the assemblage from the
hangingwall indicated it formed in the tem-
perate one. It followed that the tropical/sub-
tropical flora corresponded to the Eocene,
and the temperate flora to the Aquitanian.
S t u r  (1864, 1871) advanced the idea that
Socka and Eibiswald (in Slovene: Ivnik) beds
from the southern rim of the Graz basin are
of the same age, i.e. of Early Neogene age.
He (S t u r , 1871) was the first to extend the
term of Socka beds to the southern coal belt
under the name Eibiswald and Socka beds.
B i t t n e r  (1884) stated concisely that it was
previously known that the Tertiary succes-
sion of the southern belt consists of two main
rock units: the lower coal-bearing Socka
beds unit, which is most probably of Oli-
gocene age, and the upper unit which corre-
sponds to the Neogene development of the
Vienna basin in Austria. H o e r n e s  (1876,
1892) temporarily solved the question of the
age of the coal-bearing strata at the base of

the Tertiary system. In 1892 he formulated
the following conclusions (paraphrased): 1)
Socka beds, fresh water coal-bearing strata
of the northern and middle coal belt belong
to a much older stage than the coal-bearing
strata of the southern belt. In the northern
coal belt they partly belong to the Creta-
ceous Formation, which is more or less
proved, while the age of the other part of
northern and middle coal belt is still prob-
lematic. With regard to the underlying Cre-
taceous coal-bearing strata of the northern
coal belt, they are not considerably younger,
but Eocene in age. 2) The Oligocene coal-
bearing strata in the southern coal belt have
less in common with the Socka beds than
they do with the Lower Miocene Eibiswald
coal-bearing strata. T e l l e r  (1889,1896,
1898, 1907), expressed the opinion that
Eocene deposits are completely missing. Ter-
tiary deposits are divided into the Oligocene
and the Miocene “lithostratigraphic” units.
The coal-bearing strata comprise the young-
est unit of the Oligocene succession in the
northern, middle and southern coal belts.

P e t r a s c h e c k  (1926/1929) summarized
existing stratigraphic ideas. He considered
all coal-bearing strata at the base of the
Tertiary System to be Socka beds and ac-
cepted their Oligocene age. P a p p  (1954,
1955) inferred the Chattian (Upper Oli-
gocene) age from the Miogypsina (Miogy-
psinoides) cf. formosensis Jabe & Hanzawa
and Lepidocyclina (Nephrolepidina) tourn-
oueri (Lemoine & Douvillé) found in the con-
formable marine marly clay, overlying the
Socka beds of the southern coal-belt.
K u { ~ e r  (1955) proposed the idea that the
Chattian rocks were missing in the southern
coal belt. S z ö t s  (1956) reasoned that the
Chattian stage was the equivalent of the
Aquitanian stage, therefore, according to
him, the Socka beds were of the Aquitanian,
i.e. of Early Miocene age, with Oligocene
layers completely missing. R i j a v e c  (1958)
followed Papp’s view. M a j z o n  (1958) ar-
gued for a Lattorfian (Lower Oligocene) age
of the Socka beds. T h e n i u s  (1959) was
convinced that Anthracotherium illyricum
Teller and Miogypsina (Miogypsinoides) cf.
formosensis Jabe & Hanzawa indicated the
(late) Stampian (late Chattian) age of the
Socka beds in the southern coal belt.

K u { ~ e r ’s (1967) stratigraphic positional
relationship scheme was based on the Rupe-
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lian (Middle Oligocene) age of the Socka
beds and the conformable overlying marine
marly clay in the southern and middle coal
belts. Their age was determined by the char-
acteristic benthic microforaminiferal taxa
accompanying Tritaxia szaboi (Hantken)
from the marine marly clay which exhibited
a close similarity with the Middle Oligocene
(at that time Rupelian) microforaminiferal
fauna of Hungary and Transylvania (NW
Rumania). Then, in 1975, Papp came forth
with new taxonomic results: his Miogypsina
(Miogypsinoides) formosensis Jabe &
Hanzawa and Miogypsina (Miogypsinoides)
bantamensis Tan Sin Hok from the marine
marly clay overlying Socka beds in the
southern coal belt indicated a late Early
Egerian (= late Chattian, Late Oligocene)
age. From the map of M i o ~  & @ n i d a r ~ i ~
(1977), one can conclude that at the Socka
site, the coal-bearing strata are Helvetian
s.l. in age – equivalent to Ottnangian/Kar-
patian. C i m e r m a n  (1979) kept the
Rupelian age for the “Socka” beds in the
southern coal belt. He (ibid.) stated that the
use of term Socka beds in the southern coal
belt is not justified and proposed to write
Socka in quotation marks – “Socka” beds.
The same year saw revival of the idea of
Eocene age deposits in central Slovenia.
Miku` (1979) advanced the thesis that the
Socka beds of the western Southern
Karavanke Mts. (middle coal belt) were not
Rupelian, but Middle Eocene in age.

D r o b n e  et al. (1979) published a Late
Eocene age of a very small limestone patch
in the eastern Southern Karavanke Mts.
M i o ~  (1978) distinguished between the
Middle Oligocene and the Helvetian s. l.
Socka beds in the Socka-Dobrna type area.
B u s e r  (1979) and P r e m r u  (1983) retained
the Middle Oligocene (Rupelian) age of the
southern coal belt Socka beds, while Buser
allowed their Eocene age in the middle coal
belt, though not naming them as such.
A n i ~ i }  & J u r i { a  (1985a) avoided the term
Socka beds. In the southern coal belt A n i ~ i }
& J u r i { a  (1985a, b) recognized both, the
Middle Oligocene (Rupelian) and the Late
Oligocene (Chattian) coal-bearing strata. In
the middle coal belt, A n i ~ i }  & J u r i { a
(1985a, b) assigned the Helvetian s.l. age to
the basal coal-bearing strata, remarking
that an older age was possible. B a l d i  (1984)
correlated the Socka beds with the  nano-

plakton zone NP 23, (Rupelian). D r o b n e  et
al. (1985) correlated the Socka beds of the
western Southern Karavanke Mts. (middle
coal belt) with the late Middle Eocene, and
the Socka beds of the southern coal belt
with the Early Oligocene NP 21/22.

H a m r l a  (1987) presented a detailed
stratigraphy of the Zre~e area in the north-
ern coal belt. He distinguished between the
Late Cretaceous, older Paleogene and
Helvetian s.l. coal-bearing beds. However,
B r e z i g a r  (in B r e z i g a r  et al. 1988) was
the first to speculate about the Eocene age
of the Socka beds in the whole Southern
Karavanke geotectonic unit, and thought
that the Tertiary stratigraphy might be dif-
ferent within the Southern Karavanke and
Savinja Alps geotectonic units. R o y d e n  &
B a l d i  (1988) once again correlated the
Socka beds of the middle and southern coal
belt with the NP 23 zone. In the same year
M i h a j l o v i }  & J u n g w i r t h  (1988) also
placed the Socka beds of the southern coal
belt into the NP 23 zone, as did P a v { i ~  and
J e l e n  (in J e l e n  et al., 1990). C s o n t o s  et
al. (1992) considered the lithothamnium
limestone at the base of the Tertiary succes-
sion in the southern coal belt to be Late
Eocene, followed by a gap between it and
the overlying “Socka” beds of the NP 23
zone. In 1992, our working group, dedicated
to solving the problem of this high strati-
graphic inconsistency, published the first
note on its work (J e l e n  et al., 1992).

The above summary shows how confus-
ing and instable the position of the basal
Tertiary coal-bearing strata was. Since each
change in their age attribution resulted into
changes in age upsection, and accordingly a
revision of their stratigraphical relation-
ships, we can understand how critical the
drastic age inconsistency of the basal coal-
bearing strata was.

The problem was to find a solution to the
issue or, how to get the key to go to the root
of the problem that had been baffling so
many past workers.

The first palynological inspection of the
coal-bearing strata at the base of the Ter-
tiary successions showed great differences
in the composition of palynological assem-
blages from the northern, the middle, and
the southern coal belts (J e l e n , unpub-
lished). After palynological analysis we ap-
plied a structural-stratigraphic modelling to
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establish an as much as possible flawless
lithochronology of the middle coal belt, in
which the Socka-Dobrna type area is situ-
ated. Luckily, in the type area the litho-
chronology could be satisfactorily estab-
lished. Sampling was first performed in
successions where the lithochronology was
considered to be well established. Foramin-
iferal samples were collected from one metre
long trenches in 1-metre intervals, if out-
crop conditions were favourable, or at each
metre, if considered necessary. In addition,
we developed a new laboratory preparation
method that allowed us to recover highly
concentrated foraminifers (J e l e n , unpub-
lished).

Lithology and lithostratigraphy in the
Vra~ek section area

The composite Vra~ek section (Vr/I and
Vr/II) is situated north of Dobrna, south of
Vra~kov vrh (708m), along the way from the
@ebljar farm north of the Klanec village to-
ward the Trojn{ek farm (Figs. 1, 2a). This
area is more structuraly complex than was
expected at the beginning of field work.

Tectonically disturbed limestones and
pyroclastic rocks of Triassic age and older
Eocene limestones are overlain by Upper
Priabonian (J e l e n  et al., 2000), mostly clas-
tic sedimentary rocks. The contact is partly
tectonized. Eocene beds were folded together
with basement rocks. All units are uncon-
formably overlain by Miocene coarse-grain-
ed rocks with remains of ostrean valves of
the Klanec beds and sandy marly rocks of
the Dobrna marl.

Eocene beds are slightly bent into a syn-
cline. The area is cut by several Dinaric (NW
– SE), subvertical, sinistral faults into nar-
row, 20 to 60 m wide bands or wedges.
Within the bands the Eocene marly beds are
compressed, crushed and fissile. Fissility is
steep and chiefly fault-parallel. In non-fissil
parts, the rocks are predominantly massive,
in places faintly laminated. The section com-
prises somewhat more than 200 m of the
Eocene beds.

In the first, shorter segment of section,
which is separated from the second main
segment by a fault, Eocene rocks occur on
tectonically disturbed green volcaniclastic
rocks (tuffs, tuffites with thin intercalations

of dark grey biomicritic limestones) of pre-
sumably Middle Triassic age.

The Eocene succession starts with a one
meter thick, prevailingly light to medium
grey fine-crystalline dolomite (unit 1 on Fig.
2a). The rock contains lenses, laminae and
thin layers of xylitic coal, 2 mm to 5 cm
thick in its lower half. In the upper part
traces of plant root systems can be seen as
well as limonitized, originally pyritic con-
cretions.

The dolomitic bed is followed by a 1.7 m
thick clayey coal interval (unit 2 on Fig. 2a).
It consists of 5 to 30 cm thick layers of
carbargillitic, detritic and xylitic coal and
two 2 to 5 cm thick predominantly clayey
beds with a lower content of organic, coaly
components.

Above the coaly interval follows a dark
yellowish brown, somewhat weathered,
marly silty shale of weakly expressed paral-
lel lamination (unit 3 on Fig. 2a) The rock
can be compared to weathered yellowish
grey marly silty shale at the beginning of the
second, main part of the section. That rock
is 14 m thick, it overlies the tectonized lime-
stone with numerous calcitic veins, and is
probably Triassic in age.

In the second part of the section, the yel-
low grey marly silty shale passes into brown-
ish grey to dark brownish massive silty marl-
stone (unit 4 on Fig. 2a) approximately 20 m
thick. It contains numerous ostracods and
occasional bivalve and gastropod shells.

The dark brownish massive silty marl-
stone passes into yellowish grey, somewhat
weathered marly silty shale (unit 5 on Fig.
2a) comprising a thickness of 7 m, up to the
contact with a limestone lens.

The limestone lens (unit 6 on Fig. 2a) is
5.2 m thick and can be genetically divided in
two parts. The lower part, 4.2 m thick, bor-
dering along a sharp contact on the underly-
ing yellowish grey marly silty shale, was
macroscopically subdivided into three se-
quences. They start with up to 15 cm thick
layers of calcirudite with angular clasts of
intramicrite and biointramicrite up to 4 cm
in size. On the lower side of these layers and
within overlying macroscopically homoge-
neous, 0.7 to 2.4 m thick intervals of
biomicritic limestone stylolites parallel to
bedding are visible. In the upper part the
lens is terminated with a 1.2 m thick nor-
mally graded carbonate turbiditic sequence.
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Fig. 2. Stratigraphic columns of:

a) Vra~ek section (Vr I and Vr II)
b) Zavrh section (Zv II). Karpatian part was also determined by foraminifers but this is not a topic

of this article
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Above the limestone lens lies a medium to
light grey, partly weathered yellowish grey,
tectonically disturbed marly silty shale (unit
7 on Fig. 2a). Macrofossils are rare. In places
rare plant remains can be found. In the sec-
tion above the limestone lens more than 150
m of real thickness of these rocks are com-
prised.

The lithostratigraphically highest part of
marly rocks (of lithostratigraphic unit 7) in
the Vra~ek section is exposed in the Zavrh
area, where it was covered with the Zavrh
(Zv) section.

Lithology and lithostratigraphy in the
Zavrh section area

The Zavrh (Zv) section is situated between
Zavrh and ̂ re{kova in the area of the Vratca
settlement (Figs. 1, 2b). The lower part of
Tertiary beds to pre-Tertiary rocks is cov-
ered. Along the cartway leading to ̂ re{kova,
however, they are abundantly exposed. Ap-
proximately parallel to the section a fault
passes in the NW-SE direction. The hori-
zontal component of the dextral displace-
ment along the fault amounts to about 27 m.

The contact between the pre-Tertiary
basement and Tertiary rocks is tectonical. In
the basement a crystalline dolomite (dolo-
sparite) occurs, on which erosional remains
of red, probably weathered muddy rocks
occur higher in the slope. The Tertiary se-
quence starts with a light grey silty clay.
The thickness of the covered part of Tertiary
rocks is an estimated 30 m. In rare outcrops,
a grey massive to slightly laminated silty
marlstone with rare plant remains occurs.
The rock is brownish weathered and exhib-
its spheroidal parting. In the lower part oc-
cur rare, up to 0.1m thick layers of
biodolomicrite with terrigenous admixture.

In the area of the carefully logged Zavrh
(Zv/II) section there is a weathered light
yelow grey silty marlstone with poorly ex-
pressed lamination in its lower part (unit 1
on Fig. 2b). Additionally, there are plant
remains among the fossils, and in the middle
part ostracods and rare echinoderm frag-
ments. We found no fossils in the upper por-
tion of Zv/II.

Following an angular discordance (250), a
6.5 m thick lenticular body of blocky con-
glomerate (unit 2 on Fig. 2b) overlies the

silty marlstone. The blocky conglomerate is
cut off in the SW by the aforementioned
fault that passes parallel to the section. To-
ward the NE the conglomerate thins and
becomes finer grained. It contains numerous
fossil fragments: of red algae (lithothamnia),
bivalves, bryozoans, echinoderms and of
other organisms. The blocky conglomerate
consists of approximately 75% blocks and
pebbles and 25% of muddy matrix. Blocks
and pebbles range in size from 1 to 100 cm,
on an average 20 cm, and are very poorly
sorted. The size distribution of pebbles and
blocks is bimodal. The first mode is in the
range from 1 to 20 cm, and the second one in
the 30 to 100 cm range. Nineteen blocks, 20
cm or more in size, and 4 smaller pebbles
were examined microscopically. In these we
recognized 11 lithofacies, represented in 1 to
4 blocks or pebbles: dolomitic breccia with
limonitized dolomicritic cement, dolomicro-
sparite with brecciated structure, crystal-
line dolosparite, dolomitized biomicrite, al-
tered crystallolithic (andesitic) volcaniclastic
rock, calcareous dolomite breccia, calcitic
micaceous quartzy very fine-grained sand-
stone, partly recrystallized volcanic glass
with microliths, recrystallized intrabio-
micrite, intrabiomicrite with admixture of
terrigenous components, and biopeldolo-
micrite. Blocks and pebbles are of Triassic
to inclusively Eocene age, and are derived in
part directly from the underlying rocks.

The blocky conglomerate is followed at
the end of the section by monotonous
parallelly laminated, slightly micaceous
marly silty shale (unit 3 on Fig. 2b) with rare
up to 1mm thick lenses of very fine-grained
sandstone. Along with rare plant remains,
visibile with naked eye, there is also a fora-
miniferal fauna.

Benthic foraminiferal fauna from the
Socka beds

Eocene benthic foraminifers from Vra~ek
II (Vr/II-) and Zavrh II (Zv/II-) sections were
studied. In the two sections a total of 118
taxa were determined, belonging to 85 gen-
era and 53 families.

Vra~ek II
From the VRA^EK II section (Fig. 2a) 12

samples (Vr/II-001, 002, 003, 004, 005, 005A,



14 Franc Cimerman, Bogomir Jelen & Dragomir Skaberne

009, 010, 011, 011A, 012, 014) were ana-
lyzed. In the section occur 107 taxa, out of
them 49 only here. The highest number of
taxa, 53, were found in sample Vr-005A, 39
in sample Vr-005, and in the remaining
samples from 2 to 29 taxa.

Zavrh II
From the ZAVRH II section (Fig. 2b) 8

samples were analyzed, (Zv/II-011, 010, 009,
008, 007, 006, 005, 004, samples in sections
are numbered in stratigraphic order, from
the bottom upwards). In the section occur 75
taxa, of them 12 only here. The maximum
taxa number was found in Zv/II-6, 37, and
the smallest in the uppermost collected
sample Zv/II-004, only 6; otherwise the num-
ber of taxa varies in a sample between 21
and 37.

Ecological interpretation of foraminiferal
fauna

In samples Vr/II-001, 002 no foraminifers
are present, only ostracods. The first fora-
minifers appear in sample Vr/II-003 as indi-
vidual hauerinids: Quinqueloculina sp. 3 and
Pyrgo subsphaerica (d’Orbigny). This part
of the Vra~ek II section represents the pas-
sage from fresh water or brackish environ-
ment into a marine setting. Foraminifers
become more numerous in sample Vr/II-004,
which is entirely marine. The Zv II section is
wholly marine. In samples Vr/II-004, 005,
005A the following large foraminiferal gen-
era occur: Heterostegina sp., Operculina cf.
gomezi (two juvenile forms), Discocyclina
trabayensis vicenzensis (this species was de-
termined by V l a s t a  ] o s o v i } ), Astero-
cyclina sp., Eoannularia eocenica, and the
large miliolid Borelis vonderschmitti. The
species Calcarina lecalvezae was established
in both sections (Vr-014, Zv-009). These are
shallow marine species, and are, according
to their ecological characteristics, in contra-
diction with the remaining foraminiferal
fauna in the same samples. Therefore we
presume that the fauna was transported,
washed out from shallower areas into the
deeper sea. In the Vra~ek II section appears
in marl a limestone lens with discocyclinas
(the foraminiferal fauna has not yet been
determined and interpreted). In Fig. 2a the
lens is marked with number 6. Also at the

Povlak farm, about 1km NW of Dobrna, an
Eocene limestone with nummulites,
discocyclinas, Borelis, and corals is exposed.
The limestone at Povlak and the limestone
lens at the Vra~ek II section may represent
remains of sediments of the shallow sea from
which the large foraminifers were redepos-
ited. For some more frequent genera, Murray
(1991, 288-290 and 323-326) reports ecologi-
cal data from recent environments. Among
them appear 20 genera that are identical to
genera from our sections. For each of these
genera the habitat extends from the shelf (ei-
ther internal or external) to the bathyal. The
shelf is indicated also by the miliolids (Quin-
queloculina). The upper slope (200-2000 m) is
indicated by genera Ammobaculites, Bathy-
siphon, Karreriella, Repmanina, Textularia,
Bulimina, Globocassidulina, Hoeglundina,
Pullenia, Reussella, Trifarina and Uvigerina.
The genus Laticarinina that was found in
both sections is an indicator of even greater
bathyal depths. However, the observation of
a relatively small number of planktonic forms
is consistent with deposition of the sediments
in the bathyal domain, but rather on the
exernal shelf with a passage to the bathyal.
According to the bathymetric interpretation
of sediments at Biarritz (G r u e n i g  &
H e r b , 1984) they were deposited in the
realm extending from neritic to bathyal.

Comparison with Late Eocene faunas in
Europe

By comparisons of the occurrence of the
species in Vra~ek II and Zavrh II sections
with those in other European localities of
the Eocene (Possagno in north Italy, Buda
marl in Hungary and Upper Eocene beds
with Tritaxia szaboi in Hungary and Biarritz
in France) we want to demonstrate the de-
gree of similarity of our fauna with them.

In north Italy, B r a g a  et al. (1975) estab-
lished in Paleocene, and Lower and Middle
Eocene at Possagno 99 benthic species, of
which 10 (=8%) are also our species. From
the Upper Eocene 126 benthic species were
determined. Among these 13 (=11%) are
found in our sections.

In the Buda marl S z t r à k o s  (1982) es-
tablished 471 forms of foraminifers, out of
these 416 were determined to the species or
subspecies level. 42 (=35%) of our species
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are identical to those. From the Bartonian
and Priabonian beds with Tritaxia szaboi,
Sztràkos (1987) determined 429 species. Of
these, 45 (=38%) are also our species.

The fauna from the Biarritz locality was
investigated by H a l k y a r d  (1919), G r u e -
n i g  & H e r b  (1984), G r u e n i g  (1985) and
S z t r à k o s  (In: M a t h e l i n  & S z t r à k o s ,
1993). Halkyard (1919) established the pres-
ence of 345 foraminiferal species. G r u e n i g
(1985) determined 87 species. By far the most
complete review was performed by Sztràkos
(In: M a t h e l i n  & S z t r à k o s , 1993) who
recorded 557 species. With the species from
Biarritz 77 (=65%) species are identical, or
two thirds of species from the Vra~ek II and
Zavrh II sections are found in Biarritz. Out-
standing among them is Marginulina globosa
Halkyard. It was previously known only
from Biarritz, and Ha l k y a r d ’s specimen
was the only one of this species until
Sztràkos found additional three individu-
als in the Aquitanian basin in beds of the
zone with Turborotalia cerroazulensis s. l.
(Middle Priabonian) (S z t r à k o s , 1993,
44. In: M a t h e l i n  & S z t r à k o s ). The spe-
cies is obviously very rare. Our find is from
the third and easternmost locality. The spe-
cies is interesting and important as an indi-
cator of the connection of our Late Eocene
sea toward the west.

Dating of the Socka beds

For dating the species of benthic fora-
minifers that are restricted to Eocene and
that do not survive the Eocene-Oligocene
boundary are critical. There are 22 such spe-
cies (Heterostegina sp. does not belong to
them) in our two sections:

Pavonitina biarritzensis
Dorothia fallax
Karrerotextularia olianensis
Sigmoilopsis bartoniensis
Borelis vonderschmitti
Reticulopalmula arborescens
Marginulina globosa
Spirolingulina acutimargo
Ceratocancris crassa
Lamarckina cristellaroides
Sporobulimina eocaena
Sagrinopsis aspera
Tubulogenerina tubulifera

Uvigerina chirana
Schlosserina asterites
Laticarinina altocamerata
Halkyardia minima
Melonis halkyardi
Eoannularia eocenica
Calcarina lecalvezae
Operculina cf. gomezi
Discocyclina trabayensis vicenzensis

S e r r a - K i e l  et al. (1998) proposed the
biozoning of the Paleocene and Eocene on
the basis of shallow marine benthic fora-
minifers in 20 SB (shallow benthic) biozones.
The last two biozones, SB 19 and SB 20,
comprise the Priabonian (upper part of NP
18 to lowermost part of NP 21 or upper part
of P 15 to P 17. After Serra-Kiel et al. 1998)
Several species extend vertically through
biozones, in our sections. These are:

- Borelis vonderschmitti which comprises
the top part of SB 18, the whole SB 19 and
lower part of SB 20

- Operculina gomezi covers the upper part
of SB 18, entire SB 19 and entire SB20

- Halkyardia minima comprises the zones
SB 15 to the end of SB 20

- Discocyclina trabajensis vicenzensis
comprises SB 20

- Calcarina lecalvezae comprises the zones
SB 17 and SB 18.

The authors of Calcarina lecalvezae, Bou-
langer & Poignant (1971, 96), report the for
Upper Eocene for its range, but they also
found it in the Upper Lutetian. Hete-
rostegina is also stratigraphically important
and is represented by a few individuals in
the Vra~ek II section; it does not appear be-
fore the Priabonian (H o t t i n g e r , 1977, 142;
L o e b l i c h  & T a p p a n , 1987, 684).

The most data for detailed dating could
be obtained from planktic foraminifers.
However, they are rare relative to benthic
foraminifers. From samples Vr/II-005, 010,
011, 011A, 014 and Zv/II-009 Monique
Toumarkine determined 15 planktic species
belonging to four genera and three families.
In a written communication she qualified
them as species without great stratigraphic
value, as for example Catapsidrax dissimilis
(Cushman & Bermudez), Globorotalia suteri
Bolli, the range of which extends from the
Eocene into the Miocene. The other ones are
globigerinas from the Eocene-Oligocene
boundary. Only speciesTurborotalia cerro-
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azulensis cerroazulensis (Cole) indicates a
Late Eocene age. Foraminifers are not very
well preserved, they are often deformed and
their apertures filled with sediment.

The benthic and planktic foraminifers
permit us to conclude that the beds in the
Vra~ek II and Zavrh II sections are
Priabonian in age, which also confirms the
Priabonian age of the Socka beds.

Systematics

Order FORAMINIFERIDA Eichwald, 1830
Family: Bathysiphonidae Avnimelech, 1952

BathysiphonBathysiphonBathysiphonBathysiphonBathysiphon taurinensistaurinensistaurinensistaurinensistaurinensis Sacco, 1893
Pl. 1, Fig. 1

1893 Bathysiphon taurinensis - Sacco, p. 168, pl.
11, fig. 2 (Fide Ellis & Messina 1940)

1975 Bathysiphon taurinense Sacco - Popescu, p.
32, pl. 1, fig. 2

Locality: Vr-005, Vr-005A, Zv-008, Zv-
009, Zv-011

Family: Ammodiscidae Reuss, 1862

RepmaninaRepmaninaRepmaninaRepmaninaRepmanina charoidescharoidescharoidescharoidescharoides (Jones & Parker),
1860
1860 Trochammina squamata Jones & Parker var.

charoides - Jones & Parker, p. 304 (Fide
Ellis & Messina 1940)

1982 Glomospira charoides (Jones & Parker) -
Foraminiferi padani, pl. 1, fig. 3

1975 Glomospira charoides (Jones & Parker) -
Braga et. al., p. 102

Locality: Zv-010

Family: Lituolidae de Blaiville, 1827

AmmobaculitesAmmobaculitesAmmobaculitesAmmobaculitesAmmobaculites agglutinansagglutinansagglutinansagglutinansagglutinans (d’Orbigny),
1846
Pl. 1, Figs. 2-3
1846 Spirolina agglutinans - d’Orbigny, p. 137,

pl. 7, figs. 10-12

1985 Ammobaculites agglutinans (d’Orbigny) -
Papp & Schmid, p. 196, pl. 45, figs. 6-9

1985 Haplophragmoides - Ammobaculites sp. -
Grünig, p. 255, pl. 1, figs. 10-12

1993 Ammobaculites agglutinans (d’Orbigny) -
Sztràkos (In: Mathelin & Sztràkos), p. 73,
pl. 1, fig. 15

Locality: Vr-012

Family: Spiroplectamminidae Cushman,
1927

SpiroplectinellaSpiroplectinellaSpiroplectinellaSpiroplectinellaSpiroplectinella dalmatinadalmatinadalmatinadalmatinadalmatina (de Witt
Puyt), 1941
Pl. 1, Fig. 4

1941 Textularia dalmatina - de Witt Puyt, p. 45,
pl. 1, figs. 4-5

1975 Spiroplectammina dalmatina (de Witt Puyt)
- Braga et al., p. 102

1985 Spiroplectammina dalmatina (de Witt Puyt)
- Grünig, p. 256, pl. 2, figs. 1-4

Locality: Vr-010, Zv-008, Zv-009

VulvulinaVulvulinaVulvulinaVulvulinaVulvulina haeringensishaeringensishaeringensishaeringensishaeringensis (Gümbel), 1868
Pl. 1, Fig. 6

1868 Venilina haeringensis - Gümbel, p. 71, pl. 2,
fig. 84

1975 Vulvulina haeringensis (Gümbel) - Braga et
al., p 91, pl. 1, figs. 4, 23; p. 102

1985 Vulvulina haeringensis (Gümbel) - Grünig,
p. 256, pl. 2, figs. 10-12

1993 Vulvulina haeringensis (Gümbel) - Sztràkos
(In: Mathelin & Sztràkos), p. 73, pl. 2, fig.
12

Locality: Vr-004, Vr-005, Vr-005A, Vr-
009, Vr-011, Vr-012, Zv-006, Zv-008

Family: Pavonitinidae Loeblich & Tappan,
1961

PavonitinaPavonitinaPavonitinaPavonitinaPavonitina biarritzensisbiarritzensisbiarritzensisbiarritzensisbiarritzensis Sztràkos, 1987
Pl. 1, Figs. 7-8
1987b Pavonitina biarritzensis - Sztràkos, p.

129, pl. 1, figs. 1-3, pl. 3, figs. 1-3, textfig.
1

1993 Pavonitina biarritzensis Sztràkos - Sztràkos
(In: Mathelin & Sztràkos), p. 73, pl. 24, fig.
5

Locality: Vr-005A, Zv-005, Zv-006, Zv-
008, Zv-010, Zv-011

Family: Prolixoplectidae Loeblich &
Tappan, 1985

PlectinaPlectinaPlectinaPlectinaPlectina dalmatinadalmatinadalmatinadalmatinadalmatina (Schubert), 1811
Pl. 1, Figs. 9-10

1911 Gaudryina dalmatina Schubert - Liebus, p.
75, pl. 3, fig. 5

1919 Clavulina gaudryinoises Halkyard non
Fornasini - Halkyard, p. 46, pl. 3, figs. 1-3

1937aPlectina dalmatina (Schubert) - Cushman,
p. 107, pl. 12, fig. 8

1985 Plectina dalmatina (Schubert) - Grünig, p.
158, pl. 3, figs. 1-6

Locality: Vr-004, Vr-005, Vr-009, Vr-010,
Vr-012, Zv-006, Zv-007, Zv-009, Zv-010,
Zv-011
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1 Bathisyphon taurinensis Sacco, Vr-009, x28. 2-3 Ammobaculites agglutinans (d’Orbigny). 2 Vr-012, x40.
3 Vr-012, x40. 4 Spiroplectinella dalmatina (de Witt Puyt), Vr-009, x60. 5 Spiroplectinella pectinata
(Hantken), Vr-010, x40. 6 Vulvulina haeringensis (Gümbel), Vr-009, x40. 7-8 Pavonitina biarritzensis
Sztràkos. 7 Zv/II-006, x40. 8 Zv/II-006, x40. 9-10 Plectina dalmatina (Schubert). 9 Vr-009, x40, 10 Vr-
009, x40. 11-12 Tritaxia kruhelensis (Woicik). 11 Vr-012, x40. 12 Vr-012, x40. 13 Tritaxia szaboi (Hantken),
Vr-009, x40.

PLATE 1
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Family: Tritaxiidae Plotnikova, 1979

TritaxiaTritaxiaTritaxiaTritaxiaTritaxia kruhelensiskruhelensiskruhelensiskruhelensiskruhelensis (Woicik), 1903
Pl. 1, Figs. 11-12

1903 Clavulina szaboi var. kruhelensis - Woicik,
p. 498, pl. 6, fig. 21 (Fide Ellis & Messina
1940)

1956 Clavulinoides kruhelensis (Woicik) - Hagn,
p. 117, pl. 10, figs. 2-4, 8-9

1993 Clavulinoides kruhelensis (Woicik) -
Sztràkos (In: Mathelin & Sztràkos), p. 73,
pl. 3, fig. 19

Locality: Vr-012, Zv-004

TritaxiaTritaxiaTritaxiaTritaxiaTritaxia szaboiszaboiszaboiszaboiszaboi (Hantken), 1868
Pl. 1, Fig. 13

1868 Clavulina Szaboi - Hantken, p. 83, pl. 1,
figs. 4, 6, 7

1868 Rhabdogonium Szaboi - Hantken, p. 90, pl.
1, fig. 18

1956 Clavulinoides Szaboi (Hantken) - Hagn, p.
116, pl. 10, fig. 1

1975 Tritaxia szaboi (Hantken) - Braga et al. p.
103, pl. 4, figs. 1-2

1993 Clavulinoides szaboi (Hantken) - Sztràkos
(In: Mathelin & Sztràkos), p. 73, pl. 4, fig.
1; pl. 25, fig. 5

Locality: Vr-004, Vr-005A, Zv-005, Zv-
006, Zv-008, Zv-010, Zv-011

Family: Eggerellidae Cushman, 1937

DorothiaDorothiaDorothiaDorothiaDorothia fallaxfallaxfallaxfallaxfallax Hagn, 1956
Pl. 2, Figs. 1-2

1956 Dorothia fallax - Hagn, p. 119, pl. 9, figs.
18-19; pl. 18, fig. 10

1975 Dorothia fallax Hagn - Braga et al., p. 92,
pl. 1, fig. 25

1993 Dorothia fallax Hagn - Sztràkos (In:
Mathelin & Sztràkos), p. 39, pl. 24, fig. 8

Locality: Zv-010, Zv-011

KarreriellaKarreriellaKarreriellaKarreriellaKarreriella halkyardihalkyardihalkyardihalkyardihalkyardi Cushman, 1936
Pl. 2, figs. 3-4

1936 Karreriella halkyardi - Cushman, p. 36, pl.
5, fig. 16

1985 Karreriella halkyardi Cushman - Grünig, p.
258, pl. 3, figs. 21-22

1993 Karreriella halkyardi Cushman - Sztràkos
(In: Mathelin & Sztràkos), p. 39, pl. 24, fig.
9

Locality: Vr-004, Vr-005, Vr-005A, Vr-
010, Zv-004, Zv-006, Zv-008, Zv-009, Zv-
010

MartinottiellaMartinottiellaMartinottiellaMartinottiellaMartinottiella sp.sp.sp.sp.sp.
Pl. 2, Fig. 5

Locality: Vr-004

Family: Textulariidae Ehrenberg, 1838

SemivulvulinaSemivulvulinaSemivulvulinaSemivulvulinaSemivulvulina pectinatapectinatapectinatapectinatapectinata (Hantken), 1875
Pl. 1, Fig. 5

1875 Vulvulina pectinata - Hantken, p. 68, pl. 7,
fig. 10

1975 Vulvulina aff. pectinata Hantken - Braga et
al. p. 102. pl. 4, fig. 3

1985 Spiroplectammina aff. pectinata (Hantken)
- Grünig, p. 256, pl. 2, figs. 5-8

1993 “Semivulvulina” cf. pectinata (Reuss) -
Sztràkos (In: Mathelin & Sztràkos), p. 40,
pl. 2, fig. 11

Locality: Vr-005A, Vr-009, Vr-010, Vr-
011, Vr-012, Vr-014, Zv-005, Zv-006, Zv-
008, Zv-010

TextulariaTextulariaTextulariaTextulariaTextularia adaltaadaltaadaltaadaltaadalta Cushman, 1926
Pl. 2, Fig. 6
1926 Textularia adalta - Cushman, p. 29, pl. 4,

fig. 2 (Fide Ellis & Messina 1940)

1950 Textularia adalta Cushman - Ruiz de Gaona
& Colom, p. 416, figs. 5/22-26

1985 Textularia adalta Cushman - Grünig, p. 257,
pl. 3, figs. 16-17

1993 Textularia adalta Cushman - Sztràkos (In:
Mathelin & Sztràkos), p. 73, pl. 3, fig. 9

Locality: Vr-005, Vr-005A, Vr-009, Zv-010

KarrerotextulariaKarrerotextulariaKarrerotextulariaKarrerotextulariaKarrerotextularia olianensisolianensisolianensisolianensisolianensis (Ruiz de
Gaona & Colom), 1950
Pl. 2, Figs. 7-8
1950 Siphotextularia olianensis - Ruiz de Gaona

& Colom, p. 413, figs. 16/1-9

1985 Siphotextularia concava (Karrer) - Grünig,
p. 257, pl. 2, figs. 18-19

1991 Siphotextularia olianensis Ruiz de Gaona &
Colom - Barbin & Keller-Grünig, p. 241, pl.
1, figs. 3-4

1993 Karrerotextularia olianensis (Ruiz de Gaona
& Colom) - Sztràkos (In: Mathelin &
Sztràkos), p. 40, pl. 3, figs. 17-18; pl. 25,
figs. 3-4

Locality: Vr-009

Family: Pseudogaudryinidae Loeblich &
Tappan, 1985

PseudogaudryinaPseudogaudryinaPseudogaudryinaPseudogaudryinaPseudogaudryina textilaroidestextilaroidestextilaroidestextilaroidestextilaroides (Hantken),
1875
Pl. 2, Fig. 9
1875 Gaudryina textilaroides - Hantken, p. 15,

pl. 1, fig. 6
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1-2 Dorothia fallax Hagn. 1 Zv/II-011, x40. 2 Zv/II-011, x40. 3-4 Karreriella halkyardi Cushman. 3 Vr-
010, x80. 4 Zv/II-006, x60. 5 Martinottiella sp., Vr-004, x80. 6 Textularia adalta Cushman, Vr-009, x40.
7-8 Karrerotextularia olianensis (Ruiz de Gaona & Colom). 7 Vr-009, x120. 8 Vr-009, x120. 9
Pseudogaudryina textilaroides (Hantken), Vr-009, x28. 10-11 Cylindroclavulina colomi Hagn. 10 Vr-009,
x40. 11 Vr-012, x40. 12-13 Cylindroclavulina rudislosta (Hantken). 12 Vr-009, x28. 13 Vr-009, x28. 14
Tritaxilina pupa (Gümbel), Vr-005A, x60.

PLATE 2
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1993 Pseudogaudryina ? textilaroides Hantken -
Sztràkos (In: Mathelin & Sztràkos), p. 41,
pl. 4, fig. 5

Locality: Vr-009

Family: Valvulinidae Berthelin, 1880

CylindroclavulinaCylindroclavulinaCylindroclavulinaCylindroclavulinaCylindroclavulina colomicolomicolomicolomicolomi Hagn, 1956
Pl. 2, Figs. 10-11

1956 Cylindroclavulina colomi - Hagn, p. 123, pl.
10, figs. 6-7; pl. 18, figs. 8. 9

1975 Cylindroclavulina colomi Hagn - Braga &
al. p. 103, pl. 4, fig. 6

1985 Cylindroclavulina colomi Hagn - Grünig, p.
258, pl. 4, fig. 5

1993 Cylindroclavulina colomi Hagn - Sztràkos
(In: Mathelin & Sztràkos), p. 73, pl. 4, fig.
2

Locality: Vr-004, Vr-005A, Vr-009, Vr-
012, Vr-014, Zv-006, Zv-007

CylindroclavulinaCylindroclavulinaCylindroclavulinaCylindroclavulinaCylindroclavulina rudislostarudislostarudislostarudislostarudislosta (Hantken),
1889
Pl. 2, Figs. 12-13
1889 Clavulina rudislosta - Hantken, p. 383

1875 Clavulina cylindrica Hantken (non d’Orbigny
1825) - Hantken, p. 18, pl. 1, fig. 8

1956 Cylindroclavulina rudislosta (Hantken) -
Hagn, p. 122, pl. 10, fig. 5

1991 Cylindroclavulina rudislosta (Hantken) -
Barbin & Keller-Grünig, p. 240

1993 Cylindroclavulina rudislosta (Hantken) -
Sztràkos (In: Mathelin & Sztràkos), p. 73,
pl. 4, fig. 4

Locality: Vr-004, Vr-005, Vr-005A, Vr-
009, Vr-012, Vr-014, Zv-004, Zv-005, Zv-
007

TritaxilinaTritaxilinaTritaxilinaTritaxilinaTritaxilina pupapupapupapupapupa (Gümbel), 1868
Pl. 2, Fig. 14
1868 Gaudryina pupa - Gümbel, p. 602, pl. 1, fig.

3

1950 Tritaxilina pupa (Gümbel) - Ruiz de Gaona
& Colom, p. 421, fig. 14/23

1975 Tritaxilina pupa (Gümbel) - Braga et al., p.
93, pl. 1, figs. 24, 27

1987aTritaxilina pupa (Gümbel) - Sztràkos, p. 35,
pl. 3, figs. 11-12

Locality: Vr-005A, Vr-011, Vr-014, Zv-
008, Zv-009, Zv-010, Zv-011

Family: CornusPiridae Schultze, 1854

CornuspiraCornuspiraCornuspiraCornuspiraCornuspira angigyraangigyraangigyraangigyraangigyra (Reuss), 1850
Pl. 3, Fig. 1
1850 Operculina angigyra - Reuss, p. 370, pl. 46,

fig. 19

1993 Cornuspira angigyra (Reuss) - Sztràkos (In:
Mathelin & Sztràkos), p. 74, pl. 4, fig. 13

Locality: Zv-006

Family: Spiroloculinidae Wiesner, 1920

SpiroloculinaSpiroloculinaSpiroloculinaSpiroloculinaSpiroloculina dorsatadorsatadorsatadorsatadorsata Reuss, 1866
1866 Spiroloculina dorsata - Reuss, p. 123

1855 Spiroloculina limbata - Bornemann, p. 348,
pl. 19, fig. 1

1961 Spiroloculina canaliculata d’Orbigny -
Kaasschieter, p. 154, pl. 3, figs. 20-23

Locality: Vr-004, Vr-005A

SpiroloculinaSpiroloculinaSpiroloculinaSpiroloculinaSpiroloculina sp. 1
Pl. 3, Figs. 2-3
Locality: Vr-004, Vr-005, Vr-005A, Zv-
005, Zv-010, Zv-011

SpiroloculinaSpiroloculinaSpiroloculinaSpiroloculinaSpiroloculina sp. 2
Pl. 3, Fig. 4
Locality: Vr-005, Vr-011, Zv-006, Zv-007,
Zv-008, Zv-009, Zv-010, Zv-011

Family: Hauerinidae Schwager, 1876

QuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculina depressadepressadepressadepressadepressa d’Orbigny, 1826
Pl. 3, Fig. 5
1826 Quinqueloculina depressa - d’Orbigny, p.

302, no. 38

1878 Triloculina depressa d’Orbigny - Terquem,
pl. 8, figs. 1-11

1904 Quinqueloculina depressa d’Orbigny -
Fornasini, p. 68, pl. 4, fig. 8

1993 Quinqueloculina depressa d’Orbigny -
Sztràkos (In: Mathelin & Sztràkos), p. 74,
pl. 5, fig. 4

Locality: Vr-005A, Zv-006, Zv-009, Zv-
010, Zv-011

QuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculina impressaimpressaimpressaimpressaimpressa Reuss, 1851
Pl. 3, Fig. 6

1851 Quinqueloculina impressa - Reuss, p. 87, pl.
7, fig. 59

1993 Quinqueloculina impressa Reuss - Sztràkos
(In: Mathelin & Sztràkos), p. 74, pl. 5, fig.
6

Locality: Vr-004, Vr-005, Vr-005A, Vr-
009, Vr-010, Vr-011, Vr-011A, Vr-014, Zv-
004, Zv-005, Zv-006, Zv-007, Zv-008, Zv-
009, Zv-010, Zv-011

QuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculina sp. 1
Pl. 3, Figs. 7-8
Locality: Vr-004, Vr-011, Vr-011A, Zv-
006, Zv-007, Zv-009, Zv-010, Zv-011
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1 Cornuspira angigyra (Reuss), Zv/II-006, x40. 2-3 Spiroloculina sp. 1. 2 Zv/II-011, x40. 3 Zv/II-011, x40.
4 Spiroloculina sp. 2. Vr-010, x60 5 Quinqueloculina depressa d’Orbigny, Zv/II-010, x60. 6 Quinqueloculina
impressa Reuss, Vr-009, x60. 7-8 Quinqueloculina sp. 1. 7 Zv/II-009, x60. 8 Zv/II-009, x60. 9 Pyrgo
simplex (d’Orbigny), Zv/II-006, x80. 10-11 Pyrgo sp. 1. 10 Zv/II-005, x80. 11 Zv/II-006, x80. 12-13 Pyrgo
sp. 2. 12 Zv/II-009, x80. 13 Pyrgo sp. 2, Zv/II-009, x80. 14-16 Nov. gen. sp. 1. 14 Zv/II-005, x120. 15 Zv/
II-010, x60. 16 Zv/II-007, x80.

PLATE 3
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QuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculina sp. 2
Locality: Vr-011A, Zv-006, Zv-007, Zv-
009, Zv-010, Zv-011

QuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculinaQuinqueloculina sp. 3
Pl. 4, Fig. 5
Locality: Vr-003

PyrgoPyrgoPyrgoPyrgoPyrgo simplexsimplexsimplexsimplexsimplex (d’Orbigny), 1846
Pl. 3, Fig. 9

1846 Biloculina simplex - d’Orbigny, p. 264, pl.
15, figs. 25-27

1975 Pyrgo simplex (d’Orbigny) - Braga et al., p.
104

1985 Pyrgo simplex (d’Orbigny) - Grünig, p. 260
fig. 9

1993 Pyrgo simplex (d’Orbigny) – Sztràkos (In:
Mathelin & Sztràkos), p. 74, pl. 5, fig. 9

Locality: Vr-012, Zv-005, Zv-006, Zv-008

PyrgoPyrgoPyrgoPyrgoPyrgo subsphaericasubsphaericasubsphaericasubsphaericasubsphaerica (d’Orbigny), 1839
Pl. 4, Fig.6

1839 Biloculina subsphaerica - d’Orbigny, p. 162,
pl. 8, figs. 25-27

1949 Pyrgo subsphaerica (d’Orbigny) - Cuvillier
& Szakall, p. 45, pl. 20, fig. 2

1985 Pyrgo subsphaerica (d’Orbigny) - Grünig, p.
260

Locality: Vr-003

Pyrgo Pyrgo Pyrgo Pyrgo Pyrgo sp. 1
Pl. 3, Figs. 10-11

Locality: Zv-005, Zv-006

PyrgoPyrgoPyrgoPyrgoPyrgo sp. 2
Pl. 3, Figs. 12-13

Locality: Zv-009, Zv-010, Zv-011

Nov. gen..... sp. 1
Pl. 3, Figs. 14-16
Locality: Vr-004, Vr-005A, Zv-005, Zv-
006, Zv-007, Zv-008, Zv-010, Zv-011

SigmoilopsisSigmoilopsisSigmoilopsisSigmoilopsisSigmoilopsis bartoniensisbartoniensisbartoniensisbartoniensisbartoniensis (Ruiz de Gaona
& Colom), 1950
Pl. 4, Figs. 1-2

1951 Sigmoilina bartoniensis - Ruiz de Gaona &
Colom, p. 410, figs. 17/1-16

1985 Sigmoilopsis sp. - Grünig, p. 260, pl. 4, figs.
14-16

1993 Sigmoilopsis bartoniensis Ruiz de Gaona &
Colom - Sztràkos (In: Mathelin & Sztràkos),
p. 74, pl. 5, fig. 12

Locality: Vr-011, Vr-011A, Zv-005, Zv-

006, Zv-007, Zv-008, Zv-009, Zv-010, Zv-
011

Family: Alveolinidae Ehrenberg, 1839

BorelisBorelisBorelisBorelisBorelis vonderschmittivonderschmittivonderschmittivonderschmittivonderschmitti (Schweighauser),
1951
Pl. 4, Figs. 3-4

1951 Neoalveolina vonderschmitti -
Schweighauser, p. 468, figs. 1-4

1979 Borelis aff. vonderschmitti (Schweighauser)
- Drobne K. et al., p. 160, pl. 4, figs. 1-2

1990 Borelis vonderschmitti (Schweighauser) -
Pavlovec et al., p. 442, pl.1, figs. 1-3

Locality: Vr-005, Vr-005A

Family: Nodosariidae Ehrenberg, 1838

NodosariaNodosariaNodosariaNodosariaNodosaria latejugatalatejugatalatejugatalatejugatalatejugata Gümbel, 1868
Pl. 4, Fig. 11

1868 Nodosaria latejugata - Gümbel, p. 41, pl. 1,
fig. 32

1956 Nodosaria latejugata Gümbel - Hagn, p. 137,
pl. 12, fig. 11; pl. 13, fig. 1

1987aNodosaria latejugata Gümbel - Sztràkos, p
33

1991 Nodosaria latejugata Gümbel - Barbin &
Keller-Grünig, p. 240

Locality: Vr-004, Vr-005 Vr-010, Vr-011,
Vr-012, Zv-008

PyramidulinaPyramidulinaPyramidulinaPyramidulinaPyramidulina bactridiumbactridiumbactridiumbactridiumbactridium (Reuss), 1866
Pl. 4, Figs. 8-9

1866 Nodosaria bactridium - Reuss, p. 130, pl. 1,
figs. 24-25

1993 Pyramidulina bactridium (Reuss) - Sztràkos
(In: Mathelin & Sztràkos). p. 75, pl. 7, figs.
15-16

Locality: Vr-005A

Family: Vaginulinidae Reuss, 1860

LenticulinaLenticulinaLenticulinaLenticulinaLenticulina arcuatostriataarcuatostriataarcuatostriataarcuatostriataarcuatostriata (Hantken), 1868
Pl. 4, Fig. 13
1868 Cristellaria (Robulina) arcuato striata -

Hantken, p. 93, pl. 2, fig. 30

1950 Robulus arcuatostriatus (Hantken) - Ruiz
de Gaona & Colom, p. 402, figs. 6/1-9

1956 Robulus arcuato-striatus (Hantken) - Hagn,
p. 127, pl. 11, fig. 4

1975 Lenticulina arcuatostriata (Hantken) -
Braga et al., p. 104

1985 Lenticulina arcuato-striata (Hantken) -
Grünig, p. 261, pl. 4, fig. 19

Locality: Vr-005A, Vr-010, Vr-011, Zv-
005, Zv-010



Late Eocene benthic foraminiferal fauna from clastic sequence of the Socka - Dobrna area... 23

1-2 Sigmoilopsis bartoniensis (Ruiz de Gaona & Colom). 1 Zv/II-010, x40. 2 Vr-011A, x40. 3-4 Borelis
vonderschmitti (Schweighauser). 3 Vr-005A, x160. 4 Vr-005A, x120. 5 Quinqueloculina sp. 3, Vr/II-003,
x40 6     Pyrgo subsphaerica (d’Orbigny), Vr/II-003, x80. 7-8 Rectobolivina zsigmondyi (Hantken). 7 Zv/II-
009, x60. 8 Zv/II-009, x40. 9-10 Pyramidulina bactridium (Reuss). 9 Vr-005A, x28. 10 Vr-005A, x40. 11
Nodosaria latejugata Gümbel, Zv/II-006, x28. 12 Lenticulina budensis (Hantken), Vr-012, x40. 13
Lenticulina arcuatostriata (Hantken), Vr-011, x28. 14 Lenticulina limbosa (Reuss), Zv/II-008, x28.

PLATE 4
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LenticulinaLenticulinaLenticulinaLenticulinaLenticulina budensisbudensisbudensisbudensisbudensis (Hantken), 1875
Pl. 4, Fig. 12

1875 Robulina budensis - Hantken, p. 58, pl. 7,
fig. 1

1950 Robulus budensis (Hantken) - Ruiz de
Gaona & Colom, p. 403, figs. 7/7-8

Locality: Vr-010, Vr-012

LenticulinaLenticulinaLenticulinaLenticulinaLenticulina limbosalimbosalimbosalimbosalimbosa (Reuss), 1863
Pl. 4, Fig. 14

1863 Robulina limbosa - Reuss, p. 55, pl. 6, fig.
69a-b

1875 Robulina limbosa Reuss - Hantken, p. 57, pl.
6, fig. 11

1950 Rubulus limbosus (Reuss) - Ruiz de Gaona
& Colom, p. 405, fig. 5/1-14

1956 Robulus limbosus (Reuss) - Hagn, p. 127, pl.
11, fig. 2

1993 Lenticulina limbosa (Reuss) - Sztràkos (In:
Mathelin & Sztràkos), p. 75, pl. 8, fig. 6

Locality: Zv-008

MarginulinopsisMarginulinopsisMarginulinopsisMarginulinopsisMarginulinopsis behmibehmibehmibehmibehmi (Reuss), 1866
Pl. 5, Fig. 1

1866 Cristellaria behmi - Reuss, p. 22, pl. 2, fig.
37

1868 Cristellaria behmi Reuss - Gümbel, s. 55, pl.
1, fig. 61

1875 Marginulina behmi (Reuss) - Hantken, p.
48, pl. 5, figs. 1-2

1950 Marginulina behmi (Reuss) - Ruiz de Gaona
& Colom, p. 384, fig. 11/18-26

1956 Marginulina behmi (Reuss) - Hagn, p. 131,
pl. 11, fig. 11

1975 Marginulina behmi (Reuss) - Braga et al., p.
105, pl. 4, fig. 13

1985 Marginulina behmi (Reuss) - Grünig, p. 262,
pl. 5, figs. 17-19

1993 Marginulina behmi (Reuss) - Sztràkos (In:
Mathelin & Sztràkos), p. 43, pl. 26, figs. 14-
16

Locality: Vr-004, Vr-005, Vr-009, Vr-010,
Vr-011, Vr-012, Vr-014, Zv-006, Zv-008,
Zv-009, Zv-010, Zv-011

MarginulinopsisMarginulinopsisMarginulinopsisMarginulinopsisMarginulinopsis porvaensisporvaensisporvaensisporvaensisporvaensis (Hantken),
1875
Pl. 5, Figs. 2-3
1875 Cristellaria porvaensis - Hantken, p. 50, pl.

14, fig. 1

1950 Marginulina porvaensis (Hatken) - Ruiz de
Gaona & Colom, p. 387, fig. 11/1-14

1987aMarginulinopsis porvaensis (Hantken) -
Sztràkos, p. 32, pl. 5, fig. 20

1993 Astacolus porvaensis (Hantken) - Sztràkos (In:
Mathelin & Sztràkos), p. 76, pl. 26, fig. 13

Locality: Vr-010, Vr-011, Zv-005, Zv-007,
Zv-008, Zv-009, Zv-010

PercultazonariaPercultazonariaPercultazonariaPercultazonariaPercultazonaria fragariafragariafragariafragariafragaria (Gümbel), 1868
Pl. 5, figs. 4-5

1868 Marginulina fragaria - Gümbel, p. 57, pl. 1,
figs. 58a-c

1950 Marginulina fragaria - Ruiz de Gaona &
Colom, p. 386, figs. 11/15-17

1956 Marginulinopsis fragaria (Gümbel) - Hagn,
p. 134, pl. 12, figs. 3, 8, 10

1975 Marginulinopsis fragaria (Gümbel) - Braga
et al., p. 105

1985 Marginulinopsis fragaria (Gümbel) - Grünig,
p. 161, pl. 5, figs. 24-28

1991 Marginulinopsis fragaria (Gümbel) - Barbin
& Keller-Grünig, p. 240, pl. 2, figs. 6-12

1993 Percultazonaria fragaria (Gümbel) -
Sztràkos (In: Mathelin & Sztràkos), p. 76,
pl. 9, figs. 1-2

Locality: Vr-014, Zv-004, Zv-006, Zv-007,
Zv-009

SaracenariaSaracenariaSaracenariaSaracenariaSaracenaria hantkenihantkenihantkenihantkenihantkeni Cushman, 1933
Pl. 5, Fig. 6
1933 Saracenaria arcuata d’Orbigny var.

hantkeni - Cushman, p. 4, pl. 1, figs. 11-12
(Fide Ellis & Messina 1940)

1956 Saracenaria hantkeni Cushman - Hagn, p.
138, pl. 13, fig. 4

1993 Saracenaria hantkeni Cushman - Sztràkos
(In: Mathelin & Sztràkos), p. 76, pl. 9, fig.
6

Locality: Vr-004, Vr-009, Vr-010, Zv-005,
Zv-006, Zv-007, Zv-010, Zv-011

PalmulaPalmulaPalmulaPalmulaPalmula budensisbudensisbudensisbudensisbudensis (Hantken), 1875
Pl. 5, Fig. 7

1875 Flabellina budensis - Hantken, p. 44, pl. 4,
fig. 17

1984 Frondicularia budensis (Hantken) - Grünig
& Herb, p. 263

1985 Frondicularia budensis (Hantken) - Grünig,
p. 261, pl. 4, fig. 21

1993 Palmula budensis (Hantken) - Sztràkos (In:
Mathelin & Sztràkos), p. 76, pl. 9, fig. 10

Locality: Vr-011, Zv-005, Zv-006, Zv-007,
Zv-008

PalmulaPalmulaPalmulaPalmulaPalmula tenuissimatenuissimatenuissimatenuissimatenuissima (Hantken), 1875
Pl. 5, Figs. 8-9

1875 Frondicularia tenuissima - Hantken, p. 43,
pl. 13, fig. 11

1950 Frondicularia tenuissima Hantken - Ruiz
de Gaona & Colom, p. 377
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1 Marginulinopsis behmi (Reuss), Zv/II-006, x60. 2-3 Marginulinopsis porvaensis (Hantken). 2 Zv/II-006,
x28. 3 Zv/II-010, x40. 4-5 Percultazonaria fragaria (Gümbel). 4 Zv/II-006, x40. 5 Vr-012, x28. 6 Saracenaria
hantkeni (Cushman), Vr-010, x40. 7 Palmula budensis (Hantken), Zv/II-006, x80. 8-9 Palmula tenuissima
(Hantken). 8 Zv/II-008, x80. 9 Zv/II-005, x60. 10 Marginulina globosa (Halkyard), Zv/II-006, x120. 11-
12 Reticulopalmula arborescens (Halkyard). 11 Vr-005, x40. 12 Vr-005, x40. 13-14 Vaginulinopsis
cumulicostata (Gümbel). 13 Vr-004, x28. 14 Vr-004, x28.

PLATE 5
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1993 Frondovaginulina tenuissima (Hantken) -
Sztràkos (In: Mathelin & Sztràkos), p. 76,
pl. 9, fig. 8

Locality: Vr-005A, Zv-008

ReticulopalmulaReticulopalmulaReticulopalmulaReticulopalmulaReticulopalmula arborescensarborescensarborescensarborescensarborescens (Halkyard),
1919
Pl. 5, Figs. 11-12

1919 Frondicularia arborescens - Halkyard, p. 88,
pl. 5, figs. 8-9

1981 Coleites arborescens (Halkyard) - Hagn et
al., p. 91

1985 Coleites arborescens (Halkyard) - Grünig,
p. 275, pl. 6, figs. 14-15

1993 Reticulopalmula arborescens (Halkyard) -
Sztràkos (In: Mathelin & Sztràkos), p. 43,
pl. 26, figs. 8-9

Locality: Vr-005, Vr-009, Vr-010, Vr-011,
Vr-012, Zv-005, Zv-006, Zv-008 Zv-010,
Zv-011

MarginulinaMarginulinaMarginulinaMarginulinaMarginulina globosaglobosaglobosaglobosaglobosa Halkyard, 1919
Pl. 5, Fig. 10
1919 Marginulina pyramidale Karrer var. globosa

- Halkyard, p. 85, pl. 5, fig. 2

1993 Marginulina globosa Halkyard - Sztràkos
(In: Mathelin & Sztràkos), p. 44, pl. 23, fig.
15; pl. 48, figs. 20-22

Locality: Vr-011, Zv-006

VagunulinopsisVagunulinopsisVagunulinopsisVagunulinopsisVagunulinopsis cumulicostatacumulicostatacumulicostatacumulicostatacumulicostata (Gümbel),
1868
Pl. 5, Figs. 13-14

1868 Cristellaria cumulicostata - Gümbel, p. 60,
pl. 1, fig. 67

1956 Vaginulinopsis cumulicostata (Gümbel) -
Hagn, p. 135, pl. 13, fig. 3

1975 Vaginulinopsis cumulicostata (Gümbel) -
Braga et al. p. 105, pl. 4, fig. 8

1985 Vaginulinopsis cumulicostata (Gümbel) -
Grünig, p. 263, pl. 6, fig. 6

1993 Vaginulinopsis cumulicostatus (Gümbel) -
Sztràkos (In: Mathelin & Sztràkos), p. 76,
pl. 10, fig. 12

Locality: Vr-004, Vr-005, Vr-010, Vr-012,
Zv-005

SpirolingulinaSpirolingulinaSpirolingulinaSpirolingulinaSpirolingulina acutimargoacutimargoacutimargoacutimargoacutimargo (Halkyard),
1919
Pl. 6, Fig. 1

1919 Lingulinopsis acutimargo - Halkyard, p. 81,
pl. 5, fig. 1

1949 Lingulina acutimargo (Halkyard) - Cuvillier
& Szakall, p. 81, pl. 29, fig. 11

1950 Lingulina acutimargo (Halkyard) - Ruiz de
Gaona & Colom, p. 384, fig. 11/31-3

1993 Spirolingulina acutimargo (Halkyard) -
Sztràkos (In: Mathelin & Sztràkos), p. 44,
pl. 27, fig. 2

Locality: Vr-004, Zv-009

Family: Ceratobuliminidae Cushman, 1927

CeratocancrisCeratocancrisCeratocancrisCeratocancrisCeratocancris crassacrassacrassacrassacrassa (Halkyard), 1919
Pl. 6, Figs. 2-4

1919 Pulvinulina haueri d’Orbigny var. crassa -
Halkyard, p. 125, pl. 7, fig. 6

1957 Ceretobulimina haueri d’Orbigny var. crassa
(Halkyard) - Sacal & Debourle, p. 46, pl. 20,
fig. 1

1993 Ceratocancris crassa (Halkyard) - Sztràkos
(In: Mathelin & Sztràkos), p. 45, pl. 11, fig.
17

Locality: Vr-014

LamarckinaLamarckinaLamarckinaLamarckinaLamarckina cristellaroidescristellaroidescristellaroidescristellaroidescristellaroides (Terquem),
1882
Pl. 6, Fig. 7

1882 Rotalina cristellaroides - Terquem, p. 57, pl.
3, fig. 15a-c

1961 Lamarckina cristellaroides (Terquem) -
Kaasschieter, p. 231, pl. 15, figs. 3-4

1970 Lamarckina cristellaroides (Terquem) - Le
Calvez, p. 203, pl. 37, fig. 4

1993 Lamarckina cristellaroides (Terquem) -
Sztràkos (In: Mathelin & Sztràkos), p. 77,
pl. 11, fig. 19; pl. 29, fig. 6

Locality: Vr-005A

Family: Epistominidae Wedekind, 1937

HoeglundinaHoeglundinaHoeglundinaHoeglundinaHoeglundina eocenicaeocenicaeocenicaeocenicaeocenica (Cushman &
Hanna), 1927
Pl. 6, Figs. 5-6

1927 Epistomina eocenica - Cushman & Hanna,
p. 53, pl. 5, figs. 4-5

1975 Hoeglundina eocenica (Cushman & Hanna)
- Braga et al., p. 110

1981 Hoeglundina eocenica (Cushman & Hanna)
- Lindenberg et al., p. 148

1985 Hoeglundina eocenica (Cushman & Hanna)
- Grünig, p. 277, pl. 11, figs. 22-24

1987aHoeglundina eocenica (Cushman & Hanna)
- Sztràkos, p. 31, pl. 15, fig. 9

Locality: Vr-005, Vr-010, Vr-011A, Vr-
012, Zv-010

Family: Bolivinidae Glaesner, 1937

BolivinaBolivinaBolivinaBolivinaBolivina nobilisnobilisnobilisnobilisnobilis Hantken, 1875
Pl. 6, Figs. 9-10

1875 Bolivina nobilis - Hantken, p. 65, pl. 15, fig.
4a-b
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1 Spirolingulina acutimargo (Halkyard), Vr-004, x40. 2-4 Ceratocancris crassa (Halkyard). 2 spiral view,
Vr-014, x40. 3 edge view, Vr-014, x40. 4 umbilical view, Vr-014, x40. 5-6 Hoeglundina eocenica (Cushman
& Hanna). 5 spiral view, Vr-010, x28. 6 umbilical view, Vr-010, x28. 7 Lamarckina cristellaroides (Terquem),
Vr-005A. 8-9 Bolivina nobilis Hantken. 8 Vr-010, x80. 9 Vr-010, x80. 10 Bolivina semistriata Hantken, Vr-
005A, x40. 11 Aragonia janoscheki Gohrbandt, Vr-010, x120. 12-13 Globocassidulina globosa (Hantken).
12 Vr.011, x80. 13 Vr-009, x80. 14-17 Sporobulimina eocaena Bykova. 14 side view, Vr-008, x120. 15
apertural view, Vr-005A, x120. 16 apical view, Zv/II-008, x120. 17 apertural view, Zv/II-008, x120.

PLATE 6
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1950 Bolivina nobilis Hantken - Ruiz de Gaona
& Colom, p. 364

1956 Bolivina nobilis Hantken - Hagn, p. 147

1975 Bolivina nobilis Hantken - Braga et al., p.
106, pl. 5, figs. 1-2

1985 Bolivina nobilis Hantken - Grünig, p. 265,
pl. 5, figs. 12-14

1991 Bolivina nobilis Hantken - Barbin & Keller-
Grünig, p. 240

1993 Bolivina nobilis Hantken - Sztràkos (In:
Mathelin & Sztràkos), p. 78, pl. 32, fig. 9

Locality: Vr-004, Vr-005, Vr-009, Zv-007,
Zv-008, Zv-009

BolivinaBolivinaBolivinaBolivinaBolivina semistriatasemistriatasemistriatasemistriatasemistriata Hantken, 1875
Pl. 6, Fig. 10
1875 Bolivina semistriata - Hantken, p. 65, pl. 7,

fig. 13

1956 Bolivina semistriata Hantken - Hagn, p. 147

1993 Bolivina semistriata Hantken - Sztràkos (In:
Mathelin & Sztràkos), p. 78, pl. 32, fig. 10

Locality: Vr-011, Vr-012, Zv-005, Zv-006,
Zv-010

BolivinaBolivinaBolivinaBolivinaBolivina pl. sp.
Locality: Vr-005, Vr-009, Vr-011, Vr-012,
Zv-005, Zv-007, Zv-008, Zv-009, Zv-010,
Zv-011

Family: Loxostomatidae Loeblich & Tap-
pan, 1962

AragoniaAragoniaAragoniaAragoniaAragonia janoschekijanoschekijanoschekijanoschekijanoscheki Gohrbandt, 1962
Pl. 6, Fig. 11

1962 Aragonia janoscheki - Gohrbandt, p. 81, pl.
3, figs. 5a-b

1975 Aragonia janoscheki Gohrbandt - Braga et
al., p. 106, pl. 5, fig. 7

Locality: Vr-010, Vr-012

Family: Cassidulinidae d’Orbigny, 1839

GlobocassidulinaGlobocassidulinaGlobocassidulinaGlobocassidulinaGlobocassidulina globosaglobosaglobosaglobosaglobosa (Hantken), 1875
Pl. 6, Figs. 12-13

1875 Cassidulina globosa - Hantken, p. 64, pl. 16,
figs. 2a-b

1956 Cassidulina globosa Hantken - Hagn, p. 167,
pl. 14, figs. 9-10

1975 Globocassidulina globosa (Hantken) - Braga
et al., p. 108, pl. 6, fig. 4

1985 Globocassidulina globosa (Hantken) -
Grünig, p. 273, pl. 10, fig. 3

1987aGlobocassidulina globosa Hantken -
Sztràkos, p. 31, pl. 11, fig. 22

1993 Globocassidulina globosa (Hantken) -
Sztràkos (In: Mathelin & Sztràkos), p. 79

Locality: Vr-004, Vr-005, Vr-005A, Vr-
009, Vr-011, Vr-011A

Family: Turrilinidae Cushman, 1927

SporobuliminaSporobuliminaSporobuliminaSporobuliminaSporobulimina eocaenaeocaenaeocaenaeocaenaeocaena Bykova, 1959
Pl. 6, Figs. 14-17

1959 Sporobulimina eocaena - Bykova, p. 76, pl.
12, fig. 6a-b (Fide Ellis & Messina 1940)

1993 Sporobulimina eocaena Bykova - Sztràkos
(In: Mathelin & Sztràkos), p. 46, pl. 33, figs.
11-12

Locality: Vr-005A, Zv/II-008

Family: Siphogenerinoididae Saidova,
1981

RectobolivinaRectobolivinaRectobolivinaRectobolivinaRectobolivina zsigmondyizsigmondyizsigmondyizsigmondyizsigmondyi (Hantken), 1868
Pl. 4, Figs. 7-8
1868 Nodosaria (Dentalina) zsigmondyi -

Hantken, p. 87, pl. 1, fig. 12

1982 Rectobolivina zsigmondyi (Hantken) -
Sztràkos, pl. 15, fig. 14

1987 Rectobolivina zsigmondyi (Hantken) -
Reiser, p. 91, pl. 9, figs. 13, 19

Locality: Zv-005, Zv-008, Zv-009, Zv-010

SagrinopsisSagrinopsisSagrinopsisSagrinopsisSagrinopsis asperaasperaasperaasperaaspera (Terquem), 1882
Pl. 7, Figs. 1-3
1882 Textilaria aspera - Terquem, p. 147, pl. 15,

fig. 14 (Fide Ellis & Messina 1940)

1919 Siphogenerina hexagona Halkyard -
Halkyard, p. 41, pl. 6, fig. 5a-b

1975 Bifarina aff. selseyensis (Heron-Allen &
Earland) - Braga et al., p. 108, pl. 5, fig. 9

1985 Rectobolivina sp. - Grünig, p. 266, pl. 8, fig.
22

1993 Sagrinopsis aspera (Terquem) - Sztràkos (In:
Mathelin & Sztràkos), p. 47, pl. 33, fig. 15

Locality: Vr-005, Vr-005A

TubulogenerinaTubulogenerinaTubulogenerinaTubulogenerinaTubulogenerina tubuliferatubuliferatubuliferatubuliferatubulifera (Parker &
Jones), 1863
Pl. 7, Figs. 4-5
1863 Textularia tubulifera - Parker & Jones, p.

94, fig. 2 (Fide Ellis & Messina 1940)

1837 Tubulogenerina tubulifera (Parker & Jones)
- Cushman, p. 215, pl. 24, figs. 14-16

1970 Tubulogenerina tubulifera (Parker & Jones)
- Le Calvez, p. 122, pl. 26, fig. 7

1987aTubulogenerina tubulifera (Parker & Jones)
- Sztràkos, p. 35, pl. 7, fig. 20; pl. 18, fig. 2

1991 Tubulogenerina tubulifera (Parker & Jones)
- Gibson et al., p. 307, pl. 1, figs. 1-11; pl.
3, figs. 6-8

Locality: Vr-005, Vr-005A
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1-3 Sagrinopsis aspera (Terquem). 1 Vr-005, x80. 2 Vr-005, x120. 3 Vr-005A, x120. 4-5 Tubulogenerina
cf. tubulifera (Parker & Jones). 4 Vr-005A, x120. 5 Vr-005, x120. 6 Bulimina ovata d’Orbigny, Vr-010,
x60. 7 Bulimina subtruncana Hagn, Vr-010, x160. 8 Bulimina truncana Gümbel, Vr-005, x80. 9-10
Uvigerina gracilis Reuss. 9 Vr-005, x160. 10 Vr-005, x160. 11 Uvigerina chirana Cushman & Stone, Vr-
005, x120. 12 Uvigerina eocaena Gümbel, Vr-010, x80. 13 Angulogerina muralis (Terquem), Zv/II-008,
x160. 14 Angulogerina pulchella Cushman & Edwards, Vr-005, x160. 15 Angulogerina globosa (Stoltz),
Vr-014, x120. 16 Koleshnikovella elongata (Halkyard), Zv/II-010, x120.

PLATE 7
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Family: Buliminidae Jones, 1875

BuliminaBuliminaBuliminaBuliminaBulimina ovataovataovataovataovata d’Orbigny, 1846
Pl. 7, Fig. 6

1846 Bulimina ovata - d’Orbigny, p. 185, pl. 11,
figs. 13-14

1961 Bulimina ovata d’Orbigny - Kaasschieter,
p. 191, pl. 9, fig. 6

1985 Bulimina ovata d’Orbigny - Grünig, p. 266,
pl. 6, fig. 22

Locality: Vr-010

BuliminaBuliminaBuliminaBuliminaBulimina subtruncanasubtruncanasubtruncanasubtruncanasubtruncana Hagn, 1956
Pl. 7, Fig. 7

1954 Bulimina subtruncana - Hagn, p. 17, pl. 3,
fig. 19; pl. 4, fig. 9

1985 Bulimina subtruncana Hagn - Grünig, p.
266, pl. 6, fig. 23

Locality: Vr-010

BuliminaBuliminaBuliminaBuliminaBulimina truncanatruncanatruncanatruncanatruncana Gümbel, 1868
Pl. 7, Fig. 8

1868 Bulimina truncana - Gümbel, p. 66, pl. 2,
fig. 77a-b

1975 Bulimina truncana Gümbel - Hantken, p.
61, pl. 7, fig. 5

1975 Bulimina truncana Gümbel - Braga et al.,
p. 106, pl. 4, figs. 15-16

1985 Bulimina truncana Gümbel - Grünig, p. 267,
pl. 7, figs. 26-27

Locality: Vr-005, Vr-005A, Vr-010, Vr-
011A, Zv-009

Family: Uvigerinidae Haeckel, 1894

UvigerinaUvigerinaUvigerinaUvigerinaUvigerina chiranachiranachiranachiranachirana Cushman & Stone,
1947
Pl. 7, Fig. 11

1947 Uvigerina chirana - Cushman & Stone, p.
17, pl. 2, fig. 25 (Fide Ellis & Messina 1940)

1977 Uvigerina chirana Cushman & Stone - Braga
et al., p. 95, pl. 5, fig. 10

1985 Uvigerina chirana Cushman & Stone -
Grünig, p. 267, pl. 7, figs. 3-5

Locality: Vr-005, Zv-004, Zv-005

UvigerinaUvigerinaUvigerinaUvigerinaUvigerina eocaenaeocaenaeocaenaeocaenaeocaena Gümbel, 1868
Pl. 7, Fig. 12

1868 Uvigerina eocaena - Gümbel, p. 645, pl. 2,
fig. 78

1975 Uvigerina eocaena Gümbel - Braga et al., p.
107, pl. 5, fig. 17

1985 Uvigerina eocaena Gümbel - Grünig, p. 267,
pl. 7, figs. 8-10

1993 Uvigerina eocaena Gümbel - Sztràkos (In:
Mathelin & Sztràkos), p. 79, pl. 34, figs. 9-
10

Locality: Vr-004, Vr-010, Vr-011 Zv-005,
Zv-006, Zv-008, Zv-010, Zv-011

UvigerinaUvigerinaUvigerinaUvigerinaUvigerina gracilisgracilisgracilisgracilisgracilis Reuss, 1851
Pl. 7, Figs. 9-10

1851 Uvigerina gracilis - Reuss, p. 77, pl. 5, fig.
39

1993 Uvigerina gracilis Reuss - Sztràkos (In:
Mathelin & Sztràkos), p. 79, pl. 34, fig. 13

Locality: Vr-005

AngulogerinaAngulogerinaAngulogerinaAngulogerinaAngulogerina globosaglobosaglobosaglobosaglobosa (Stoltz), 1925
Pl. 7, Fig. 15

1925 Uvigerina tenuistriata var. globosa – Stoltz,
p. 130 (Fide Ellis & Messina 1940)

1993 Angulogerina globosa (Stoltz) - Sztràkos (In:
Mathelin & Sztràkos), p. 48, pl. 34, fig. 20

Locality: Vr-014

AngulogerinaAngulogerinaAngulogerinaAngulogerinaAngulogerina muralismuralismuralismuralismuralis (Terquem), 1882
Pl. 7, Fig. 13

1882 Uvigerina muralis - Terquem, p. 119, pl. 12,
figs. 26-29 (Fide Ellis & Messina 1940)

1919 Tritaxia dehiscens - Halkyard, p. 44, pl. 3,
fig. 8

1985 Trifarina muralis (Terquem) - Grünig, p.
268, pl. 7, fig. 26

1993 Angulogerina muralis (Terquem) - Sztràkos
(In: Mathelin & Sztràkos), p. 79, pl. 43, fig.
18

Locality: Zv/II-008

AngulogerinaAngulogerinaAngulogerinaAngulogerinaAngulogerina pulchellapulchellapulchellapulchellapulchella Cushman &
Edwards, 1937
Pl. 7, Fig. 14
1937 Angulogerina pulchella - Cushman &

Edwards, p. 61, pl. 8, fig. 19 (Fide Ellis &
Messina 1940)

1993 Angulogerina pulchella Cushman &
Edwards - Sztràkos (In: Mathelin &
Sztràkos), p. 48, pl. 34, fig. 17

Locality: Vr-005

TrifarinaTrifarinaTrifarinaTrifarinaTrifarina sp. 1
Locality: Vr-012

KoleshnikovellaKoleshnikovellaKoleshnikovellaKoleshnikovellaKoleshnikovella elongataelongataelongataelongataelongata (Halkyard), 1919
Pl. 7, Fig. 16

1919 Tritaxia elongata - Halkyard, p. 45, pl. 3,
fig. 9

1987aUvigerinella elongata (Halkyard) - Sztràkos,
p. 36, pl. 18, fig. 5

1993 Koleshnikovella elongata (Halkyard) -
Sztràkos (In: Mathelin & Sztràkos). p. 48,
pl. 34, fig. 16
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1-2 Reussella oberburgensis (Reuss). 1 Vr-005A, x120. 2 Vr-005A, x120. 3-4 Siphonodosaria crassisepta
(Halkyard). 4 Vr-010, x40. 4 Vr-010, x40. 5-6 Nodogenerina atlantisae Cushman. 5 Zv/II-006, x80. 6 Zv/
II-008, x80. 7-8 Fursenkoina halkyardi (Cushman). 7 Vr-012, x60. 8 Zv/II-008, x60. 9-10 Sigmavirgulina
tortuosa (Brady). 9 Vr-005, x80. 10 Vr-010, x120. 11-12 Neoeponides schreibersii (d’Orbigny). 11 Zv/II-
005, x40. 12, Zv/II-005, x40. 13-14 Eponides ouachitaensis Howe & Wallace. 13 Vr-011A, x60. 14 Vr-
011A, x60. 15 Schlosserina asterites (Gümbel), Vr-014, x28. 16-17 Neoconorbina sp. 16 spiral view, Vr-
005A, x80. 17 umbilical view Vr-005A, x80.

PLATE 8



32 Franc Cimerman, Bogomir Jelen & Dragomir Skaberne

Locality: Zv-010

Family: Reussellidae Cushman, 1933

ReussellaReussellaReussellaReussellaReussella oberburgensisoberburgensisoberburgensisoberburgensisoberburgensis (Reuss), 1864
Pl. 8, Figs. 1-2

1864 Verneuilina oberburgensis Frey. in litt. -
Reuss, p. 6, pl. 1, fig. 2

1962 Reussella oberburgensis (Freyer) -
Gohrbandt, p. 82, pl. 3, fig. 6a-c

1985 Reussella oberburgensis (Freyer) - Grünig,
p. 267

1993 Reussella oberburgensis (Freyer) - Sztràkos
(In: Mathelin & Sztràkos), p. 79, pl. 34, fig.
26

Locality: Vr-004, Vr-005, Vr-005A, Vr-011

Family: Fursenkoinidae Loeblich &
TaPpan, 1961

FursenkoinaFursenkoinaFursenkoinaFursenkoinaFursenkoina halkyardihalkyardihalkyardihalkyardihalkyardi (Cushman), 1936
Pl. 8, Figs. 7-8
1936 Virgulina halkyardi - Cushman, p. 47, pl. 7,

fig. 5

1937bVirgulina halkyardi Cushman - Cushman,
p. 11, pl. 1, figs. 26-27

1985 Fursenkoina halkyardi (Cushman) - Grünig,
p. 273, pl. 9, figs. 25-27

1993 Fursenkoina halkyardi (Cushman) -
Sztràkos (In: Mathelin & Sztràkos), p. 49,
pl. 35, fig. 6

Locality: Vr-005, Vr-012, Zv-007, Zv-009,
Zv-010, Zv-011

SigmavirgulinaSigmavirgulinaSigmavirgulinaSigmavirgulinaSigmavirgulina tortuosatortuosatortuosatortuosatortuosa (Brady), 1881
Pl. 8, Figs. 9-10

1881 Bolivina tortuosa - Brady, p. 57 (Fide Ellis
& Messina 1940)

1960 Sigmavirgulina tortuosa (Brady) - Barker,
pl. 52, figs. 31-32

Locality: Vr-005, Vr-005A, Vr-010, Vr-
011, Vr-011A, Vr-012, Zv-005

Family: Stilostomellidae Finlay, 1947

SiphonodosariaSiphonodosariaSiphonodosariaSiphonodosariaSiphonodosaria crassiseptacrassiseptacrassiseptacrassiseptacrassisepta (Halkyard),
1919
Pl. 8, Figs. 3-4

1919 Nodosaria pauperata d’Orbigny var.
crassisepta - Halkyard, p. 72, pl. 4, figs. 12-
13

1941 Dentalina annulata (Reuss) - de Witt Puyt,
p. 51, pl. 1, figs. 23-25

1957 Nodogenerina crassisepta (Halkyard) -
Sacal & Debourle, p. 16, pl. 4, fig. 8

1993 Siphonodosaria crassisepta (Halkyard) -
Sztràkos (In: Mathelin & Sztràkos), p. 51,
pl. 14, figs. 3-11

Locality: Vr-004, Vr-005A, Vr-009, Vr-
010, Vr-014, Zv-005, Zv-006, Zv-007, Zv-
008, Zv-009, Zv-010

Family: Eponididae Hofker, 1951

EponidesEponidesEponidesEponidesEponides ouachitaensisouachitaensisouachitaensisouachitaensisouachitaensis Howe & Wallace,
1932
Pl. 8, Figs. 13-14

1932 Eponides ouachitaensis - Howe & Wallace,
p. 69, pl. 13, fig. 8 (Fide Ellis & Messina
1940)

1950 Eponides ouachitaensis Howe & Wallace -
Ruiz de Gaona & Colom, p. 378, fig. 13/36-
44

Locality: Vr-004

“Eponides” dalmatinus“Eponides” dalmatinus“Eponides” dalmatinus“Eponides” dalmatinus“Eponides” dalmatinus (de Witt Puyt),
1941
Pl. 11, Figs. 14-15

1941 Eponides carolinensis Cushman var.
dalmatina - de Witt Puyt, p. 66, pl. 1, figs.
52, 57; pl. 2, fig. 2

1950 Eponides carolinensis Cushman var.
navarraensis - Ruiz de Gaona & Colom, p.
377, fig. 14/5-10

1956 Rotalia dalmatina (de Witt Puyt) - Hagn, p.
165, pl. 15, figs. 2-3

1993 Neoeponides navaransis (Ruiz de Gaona &
Colom) - Sztràkos (In: Mathelin & Sztràkos),
p. 52, figs. 6-7

Locality: Vr-005A, Vr-010, Vr-011, Zv/II-
006, Zv/II-010

Family: Mississippinidae Saidova, 1981

SchlosserinaSchlosserinaSchlosserinaSchlosserinaSchlosserina asteritesasteritesasteritesasteritesasterites (Gümbel), 1868
Pl. 8, Fig. 15

1868 Rosalina asterites - Gümbel, p. 658, pl. 2,
fig. 101a-c

1981 Schlosserina asterites (Gümbel) -
Lindenberg et al., p. 148

1991 Schlosserina asterites (Gümbel) - Barbin &
Keller-Grünig, p. 241, pl. 1, figs. 13-15

1981 Schlosserina asterites (Gümbel) - Hagn et
al., p. 91

1983 Schlosserina asterites (Gümbel) - Setiawan,
p. 134, pl. 15, fig. 1

1993 Schlosserina asterites Hagn - Sztràkos (In:
Mathelin & Sztràkos), p. 80, pl. 15, fig. 2

Locality: Vr-014

Family: Discorbidae Ehrenberg, 1838

NeoeponidesNeoeponidesNeoeponidesNeoeponidesNeoeponides schreibersiischreibersiischreibersiischreibersiischreibersii (d’Orbigny), 1846
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1-2 Cibicidoides ungerianus (d’Orbigny). 1 spiral view, Vr-010, x60. 2 spiral view, Zv/II-008, x60. 3
Laticarinina altocamerata (Heron-Allen & Earland), umbilical view, Zv/II-008, x80. 4 Planulina compressa
(Hantken), Vr-005A, x80. 5-6 Planulina costata (Hantken). 5 spiral view, Vr-012, x40. 6 umbilical view,
Vr-010, x40. 7-8 Lobatula lobatula (Walker & Jacob). 7 umbilical view, Vr-012, x40. 8 umbilical view,
Vr-005, x28. 9-10 Cycloloculina eocenica (Terquem). 9 Vr-005A, x80. 10 Vr-005A, x64. 11 Planorbulina
difformis Roemer, Vr-005A, x60. 12 Halkyardia minima (Liebus), Vr-011, x80. 13 Halkyardia sp., Vr-
011A, x120. 14-15 Korobkovella grosserugosa (Gümbel). 14 Vr-010, x60. 15 Vr-010, x60. 16 Sphaerogypsina
globula (Reuss), Vr-005A, x120.

PLATE 9
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Pl. 8, Figs. 11-12

1846 Rotalina schreibersii - d’Orbigny, p. 154, pl.
8, figs. 4-6

1993 Neoeponides schreibersii (d’Orbigny) -
Sztràkos (In: Mathelin & Sztràkos), p. 81,
pl. 15, fig. 8

Locality: Zv-005, Zv-006, Zv-009, Zv-010

Family: Rosalinidae Reiss, 1963

NeoconorbinaNeoconorbinaNeoconorbinaNeoconorbinaNeoconorbina sp. 1
Pl. 8, Figs. 16-17
Locality: Vr-005, Vr-005A

Family: Parrelloididae Hofker, 1956

CibicidoidesCibicidoidesCibicidoidesCibicidoidesCibicidoides ungerianusungerianusungerianusungerianusungerianus (d’Orbigny), 1846
Pl. 9, Figs. 1-2
1846 Rotalina ungeriana - d’Orbigny, p. 157, pl.

8, figs. 16-18

1950 Cibicides granosus (Reuss) - Ruiz de Gaona
& Colom, p. 368, fig. 13/21-27

1956 Cibicides ungerianus (d’Orbigny) - Hagn, p.
181, pl. 17, figs. 10-11

1975 Heterolepa ungeriana (d’Orbigny) - Braga
et al., p. 98

1991 Cibicidoides ungerianus (d’Orbigny) -
Barbin & Keller-Grünig, p. 24

1993 Cibicidoides ungerianus (d’Orbigny) -
Sztràkos (In: Mathelin & Sztràkos), p. 81,
pl. 16, fig. 11

Locality: Vr-004, Vr-010, Vr-011, Zv-004,
Zv-006, Zv-008

Family: Discorbinellidae Sigal, 1952

LaticarininaLaticarininaLaticarininaLaticarininaLaticarinina altocamerataaltocamerataaltocamerataaltocamerataaltocamerata (Heron-Allen &
Earland), 1922
Pl. 9, Fig. 3

1922 Truncatulina tenuimargo Brady var.
altocamerata - Heron-Allen & Earland, p.
209, pl. 7, figs. 24-27 (Fide Ellis & Messina
1940)

1964 Laticarinina altocamerata (Heron-Allen &
Earland) - Loeblich & Tappan, p. C580, fig.
457, 4

1983 Laticarinina altocamerata (Heron-Allen &
Earland) - Setiawan, p. 116. pl. 5, fig. 4

1991 Laticarinina altocamerata (Heron-Allen &
Earland) - Barbin & Keller-Grünig, p. 242

Locality: Vr-005A, Zv-008
Family: Planulinidae Bermudez, 1952

PlanulinaPlanulinaPlanulinaPlanulinaPlanulina compressacompressacompressacompressacompressa (Hantken), 1875
Pl. 9, Fig. 4

1875 Truncatulina compressa - Hantken, p. 72,
pl. 8, fig. 8a-b

1956 Planulina compressa (Hantken) - Hagn, p.
179, pl. 17, fig. 5a-b

1975 Planulina compressa (Hantken) - Braga et
al., p. 95, pl. 2, fig. 13a-c

1993 Planulina compressa (Hantken) - Sztràkos (In:
Mathelin & Sztràkos), p. 81, pl. 17, fig. 1

Locality: Vr-005A

PlanulinaPlanulinaPlanulinaPlanulinaPlanulina costatacostatacostatacostatacostata (Hantken), 1875
Pl. 9, Figs. 5-6

1875 Truncatulina costata - Hantken, p. 73, pl. 9,
fig. 2

1956 Planulina costata Hantken – Hagn, p. 178,
pl. 17, figs. 3a-b, 4a-b

1984 Planulina costata (Hantken) - Grünig &
Herb, p. 262

1993 Planulina costata (Hantken) - Sztràkos (In:
Mathelin & Sztràkos), p. 81, pl. 16, fig. 13;
pl. 38, fig. 9

Locality: Vr-004, Vr-005, Vr-005A, Vr-
010, Vr-011, Vr-012, Zv-005, Zv-006, Zv-
007, Zv-008, Zv-009, Zv-010

Family: Cibicididae Cushman, 1927

LobatulaLobatulaLobatulaLobatulaLobatula lobatulalobatulalobatulalobatulalobatula (Walker & Jacob), 1798
Pl. 9, Figs. 7-8

1798 Nautilus lobatulus - Walker & Jacob (in
Kanmacher), p. 642, pl. 14, fig. 36 (Fide Ellis
& Messina 1940))

1957 Cibicides lobatulus (Walker & Jacob) - Sacal
& Debourle, p. 68, pl. 33, fig. 1

1962 Cibicides lobatulus (Walker & Jacob) -
Gohrbandt, p. 113

1991 Cibicides lobatulus (Walker & Jacob) -
Barbin & Keller-Grünig, p. 240, pl. 1, figs.
17-18

1993 Lobatula lobatula (Walker & Jacob) -
Sztràkos (In: Mathelin & Sztràkos), p. 81,
pl. 17, fig. 9

Locality: Vr-005, Vr-005A, Zv-005, Zv-
010

CycloloculinaCycloloculinaCycloloculinaCycloloculinaCycloloculina eocenicaeocenicaeocenicaeocenicaeocenica (Terquem), 1882
Pl. 9, Figs. 9-10

1882 Planorbulina eocenica - Terquem, p. 90, pl.
9, fig. 15a-b

1970 Cycloloculina eocenica (Terquem) - Le
Calvez, p. 186, pl. 35, fig. 4

1993 Cycloloculina eocenica (Terquem) -
Sztràkos (In: Mathelin & Sztràkos), p. 81,
pl. 19, fig. 1; pl. 43, fig. 6

Locality: Vr-004, Vr-005A

Family: Planorbulinidae Schwager, 1877

PlanorbulinaPlanorbulinaPlanorbulinaPlanorbulinaPlanorbulina difformisdifformisdifformisdifformisdifformis Roemer, 1838
Pl. 9, Fig. 11
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1-2 Asterigerina brencei Haque. 1 umbilical view, Vr-005A, x120. 2 umbilical view, Vr-005A, x120. 3-
4 Asterigerina sp. 3 edge view, Vr-005, x80. 4 umbilical view, Vr-004, x80. 5 Asterigerina rotula
(Kaufmann), edge view, Vr-009, x40. 6 Nonion scaphum (Fichtel & Moll), side view, Vr-005, x80. 7-8
Melonis halkyardi (Cushman). 7 side view, Zv/II-008, x80. 8 apertural view, Vr-005, x80. 9 Pullenia
bulloides (d’Orbigny), apertural view, Zv/II-011, x80. 10 Pullenia quinqueloba (Reuss), side view, Vr-010,
x80. 11-12 Queraltina epistominoides Marie. 11 Vr-005A, x60. 12 Marie, Vr-005A, x60. 13 Chilostomella
ovoidea Reuss, Zv/II-011, x60. 14-15 Charltonina budensis (Hantken). 14 spiral view, Vr-005A, x60. 15
umbilical view, Vr-005A, x60. 16 Anomalinoides affinis (Hantken), Vr-005, x80.

PLATE 10
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1993 Planorbulina difformis Roemer - Sztràkos
(In: Mathelin & Sztràkos), p. 81, pl. 38, figs.
5-6

Locality: Vr-005A

Family: Cymbaloporidae Cushman, 1927

HalkyardiaHalkyardiaHalkyardiaHalkyardiaHalkyardia minimaminimaminimaminimaminima (Liebus), 1911
Pl. 9, Fig. 12

1911 Cymbalopora radiata Hagenow var. minima
- Liebus, p. 952, pl. 3, fig. 7a-c

1969 Halkyardia minima (Liebus) - Cimerman, p.
298, pl. 58, figs. 1-6

1976 Halkyardia minima (Liebus) - [iki} et al.,
p. 195, pl. 6, fig. 1

1979 Halkyardia minima (Liebus) - Drobne et al.,
p. 158

1985 Halkyardia minima (Liebus) - Grünig, p.
272, pl. 9, figs. 16-17

1991 Halkyardia minima (Liebus) - Barbin &
Keller-Grünig, p. 241

1993 Halkyardia minima (Liebus) - Sztràkos (In:
Mathelin & Sztràkos), p. 54, pl. 38, fig. 12

Locality: Vr-005A, Vr-011, Vr-011A, Vr-
014

HalkyardiaHalkyardiaHalkyardiaHalkyardiaHalkyardia sp.
Pl. 9, Fig. 13
Locality: Vr-011A

Family: Stilostomellidae Finlay, 1947

NodogenerinaNodogenerinaNodogenerinaNodogenerinaNodogenerina atlantisaeatlantisaeatlantisaeatlantisaeatlantisae (Cushman), 1939
Pl. 8, Figs. 5-6

1939 Ellipsonodosaria atlantisae - Cushman, p.
70, pl. 12, figs. 3-4 (Fide Ellis & Messina
1940)

1993 Nodogenerina atlantisae (Cushman) -
Sztràkos (In: Mathelin & Sztràkos), p. 80,
pl. 13, figs. 16-18; pl. 34, figs. 18-19

Locality: Zv-006, Zv-008

Family: Victoriellidae Chapman &
Crespin, 1930

KorobkovellaKorobkovellaKorobkovellaKorobkovellaKorobkovella grosserugosagrosserugosagrosserugosagrosserugosagrosserugosa (Gümbel), 1868
Pl. 9, Figs. 14-15

1868 Truncatulina grosserugosa - Gümbel, p. 82,
pl. 2, fig. 104

1950 Anomalina grosserugosa (Gümbel) - Ruiz
de Gaona & Colom, p. 362

1957 Anomalina grosserugosa (Gümbel) - Sacal
& Debourle, p. 66, pl. 33, fig. 6

1970 Anomalina grosserugosa (Gümbel) - Le
Calvez, p. 198, pl. 40, fig. 2

1983 Anomalina grosserugosa (Gümbel) -
Setiawan, p. 132, pl. 14, fig. 1

1993 Korobkovella grosserugosa (Gümbel) -
Sztràkos (In: Mathelin & Sztràkos), p. 82,
pl. 19. Fig. 2

Locality: Vr-004, Vr-005A, Vr-009, Vr-
010, Vr-012, Vr-014, Zv-006, Zv-007

Family: Acervulinidae Schultze, 1854

SphaerogypsinaSphaerogypsinaSphaerogypsinaSphaerogypsinaSphaerogypsina globulaglobulaglobulaglobulaglobula (Reuss), 1848
Pl. 9, Fig. 16

1848 Ceriopora globulus - Reuss, p. 33, pl. 5, fig.
7

1950 Gypsina globula (Reuss) - Ruiz de Gaona &
Colom, p. 380

1979 Sphaerogypsina globula (Reuss) - Drobne et
al., p. 158, pl. 3, fig. 1; pl. 4, figs. 3-4

1985 Sphaerogypsina globula (Reuss) - Grünig,
p. 272, pl. 9, figs. 14-15

1993 Sphaerogypsina globula (Reuss) - Sztràkos
(In: Mathelin & Sztràkos), p. 82, pl. 38, fig.
13

Locality: Vr-004, Vr-005, Vr-005A

Family: Asterigerinidae d’Orbigny, 1839

AsterigerinaAsterigerinaAsterigerinaAsterigerinaAsterigerina brenceibrenceibrenceibrenceibrencei Haque, 1960
Pl. 10, Figs. 1-2
1960 Asterigerina brencei Haque - Setiawan, p.

118, pl. 9, fig. 3
Locality: Vr-005, Vr-009, Vr-010

AsterigerinaAsterigerinaAsterigerinaAsterigerinaAsterigerina rotularotularotularotularotula (Kaufmann), 1867
Pl. 10, Fig. 5
1867 Hemistegina rotula - Kaufmann, p. 150, pl.

8, fig. 19 (Fide Ellis & Messina 1940)

1886 Pulvinulina rotula (Kaufmann) - Uhlig, p.
193, pl. 3, figs. 5-6; pl. 5, figs. 6-7

1979 Asterigerina rotula (Kaufmann) - Drobne et
al., p. 158, pl. 3, fig. 2; pl. 4, fig. 5

1993 Asterigerina rotula (Kaufmann) - Sztràkos
(In: Mathelin & Sztràkos), p. 82, pl. 19, fig.
7

Locality: Vr-010, Vr-011

AsterigerinaAsterigerinaAsterigerinaAsterigerinaAsterigerina sp. 1
Pl. 10, Figs. 3-4
Locality: Vr-005, Vr-005A

Family: Nonionidae Schultze, 1854

NonionNonionNonionNonionNonion scaphumscaphumscaphumscaphumscaphum (Fichtel et Moll), 1798
Pl. 10, Fig. 6

1798 Nautilus scapha - Fichtel & Moll, p. 105, pl.
19, figs. d-f (Fide Ellis & Messina 1940)

1846 Nonionina communis d’Orbigny -
d’Orbigny, p. 106, pl. 5, fig. 7



Late Eocene benthic foraminiferal fauna from clastic sequence of the Socka - Dobrna area... 37

1-2 Gyroidinoides girardanus (Reuss). 1 spiral view, Zv/II-006, x40. 2 umbilical view, Zv/II-006, x40. 3-
4 Heterolepa eocaena (Gümbel). 3 spiral view, Zv/II-006, x28. 4 umbilical view, Zv/II-011, x35. 5 Heterolepa
reussi (Silvestri), spiral view, Vr-012, x50. 6-8 Gavelinella acuta (Plummer). 6 spiral view, Vr-009, x40. 7
edge view, Vr-009, x400. 8 spiral view, Vr-009, x40. 9 Pararotalia armata (d’Orbigny), spiral view, Vr-
011, x60. 10-11 Pararotalia audouini (d’Orbigny). 10 spiral view, Vr-011, x80. 11 spiral view, Vr-011,
x80. 12-13 Calcarina lecalvezae Boulanger & Poignant. 12 Vr-014, x28. 13 Zv/II-009, x28. 14-15 “Eponides”
dalmatinus (de Witt Puyt). 14 spiral view, Vr-009, x28, 15 umbilical view, Zv/II-010, x28.

PLATE 11
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1961 Nonion scaphum (Fichtel & Moll) -
Kaasschieter, p. 204, pl. 10, fig. 5

1993 Nonion commune (d’Orbigny) - Sztràkos (In:
Mathelin & Sztràkos), p. 82, pl. 19, fig. 11

Locality: Vr-005

MelonisMelonisMelonisMelonisMelonis halkyardihalkyardihalkyardihalkyardihalkyardi (Cushman), 1936
Pl. 10, Figs. 7-8

1936 Nonion halkyardi - Cushman, p. 63, pl. 12,
fig. 1 (Fide Ellis & Messina 1940)

1987aMelonis halkyardi (Cushman) - Sztràkos, p.
32, pl. 15, fig. 6

Locality: Vr-005, Vr-012, Zv/II-008, Zv/II-
011

PulleniaPulleniaPulleniaPulleniaPullenia bulloidesbulloidesbulloidesbulloidesbulloides (d’Orbigny), 1846
Pl. 10, Fig. 9

1846 Nonionina bulloides - d’Orbigny, p. 107, pl.
5, fig. 9-10

1875 Pullenia bulloides (d’Orbigny) - Hantken, p.
59, pl. 10, fig. 9

1987aPullenia bulloides (d’Orbigny) - Sztràkos,
p. 34

Locality: Vr-005A, Vr-011, Vr-011A, Zv-
006, Zv-010, Zv-011

PulleniaPulleniaPulleniaPulleniaPullenia quinquelobaquinquelobaquinquelobaquinquelobaquinqueloba (Reuss), 1851
Pl. 10, Fig. 10

1851 Nonionina quinqueloba - Reuss, p. 71, pl. 5,
fig. 31

1987 Pullenia quinqueloba (Reuss) - Wenger, p.
299, pl. 13, figs. 16, 20

1991 Pullenia quinqueloba (Reuss) - Barbin &
Keller-Grünig, p. 240

1993 Pullenia quinqueloba (Reuss) - Sztràkos (In:
Mathelin & Sztràkos), p. 82, pl. 19, fig. 17

Locality: Vr-005A, Zv-005, Zv-006

Family: Almaenidae Myatlyuk, 1959

QueraltinaQueraltinaQueraltinaQueraltinaQueraltina epistominoidesepistominoidesepistominoidesepistominoidesepistominoides Marie, 1950
Pl. 10, Figs. 11-12

1950 Queraltina epistominoides - Marie, p. 74,
figs. 1-3, 8-9 (Fide Ellis & Messina 1940)

1983 Queraltina epistominoides Marie -
Setiawan, p. 133, pl. 14, figs. 2-3

1985 Almaena epistominoides (Marie) - Grünig,
p. 276

1987aQueraltina epistominoides Marie - Sztràkos,
p. 34

1991 Queraltina epistominoides Marie - Barbin
& Keller-Grünig, p. 241, pl. 2, fig. 16

1993 Queraltina epistominoides Marie - Sztràkos
(In: Mathelin & Sztràkos), p. 56, pl. 39, fig.
20

Locality: Vr-004, Vr-005A, Vr-012, Vr-014

Family: Chilostomellidae Brady, 1881

ChilostomellaChilostomellaChilostomellaChilostomellaChilostomella ovoideaovoideaovoideaovoideaovoidea Reuss, 1850
Pl. 10, Fig. 13

1850 Chilostomella ovoidea - Reuss, p. 380, pl.
48, fig. 12

1993 Chilostomella cf. ovoidea Reuss - Sztràkos
(In: Mathelin & Sztràkos), p. 82, pl. 20. fig.
1

Locality: Zv-005, Zv-006, Zv-009, Zv-010,
Zv-011

Family: Osangulariidae Loeblich &
Tappan, 1964

CharltoninaCharltoninaCharltoninaCharltoninaCharltonina budensisbudensisbudensisbudensisbudensis (Hantken), 1875
Pl. 10, Figs. 14-15
1875 Truncatulina budensis - Hantken, p. 75, pl.

8, fig. 6

1919 Pulvinulina acutimargo - Halkyard, p. 120,
pl. 7, fig. 4

1985 Alabamina acutimargo (Halkyard) - Grünig,
p. 274, pl. 10. fig. 9-11

1987aAlabamina budensis (Hantken) - Sztràkos,
p. 32, pl. 12, fig. 8

1993 Charltonina budensis (Hantken) - Sztràkos
(In: Mathelin & Sztràkos), p. 57, pl. 20, fig.
4

Locality: Vr-005A, Vr-009, Vr-010, Vr-
011, Vr-012

Family: Heterolepidae Gonzales-Donoso,
1969

AnomalinoidesAnomalinoidesAnomalinoidesAnomalinoidesAnomalinoides affinisaffinisaffinisaffinisaffinis (Hantken), 1875
Pl. 10, Fig. 16

1875 Pulvinulina affinis - Hantken, p. 78, pl. 10,
fig. 6

1941 Anomalina dalmatina nov. sp. - van Bellen,
p. 1001, fig. 26a-c

1956 Anomalinoides dalmatinus (van Bellen) -
Hagn, p. 177, pl. 17, fig. 1a-b

1993 Anomalinoides affinis (Hantken) - Sztràkos
(In: Mathelin & Sztràkos), p. 82, pl. 20, fig.
8

Locality: Vr-004, Vr-005A, Zv-006, Zv-
007, Zv-009, Zv-010, Zv-011

HeterolepaHeterolepaHeterolepaHeterolepaHeterolepa eocaenaeocaenaeocaenaeocaenaeocaena (Gümbel), 1868
Pl. 11, Fig. 3-4

1868 Rotalia eocaena - Gümbel, p. 72, pl. 2, fig.
87a-b

1956 Cibicides eocaenus (Gümbel) - Hagn, p. 180,
pl. 17, figs. 8-9

1985 Heterolepa eocaena (Gümbel) - Grünig, p.
275, pl. 11, figs. 1-3

Locality: Vr-004, Vr-005, Vr-005A, Vr-
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1-2 Operculina cf. gomezi Colom & Bauza. 1 Vr-005A, x32. 2 Vr-005A, x32. 3 Eoannularia eoceniva Cole
& Bermudez, Vr-005A, x64. 4 Asterocyclina sp. Vr-005A, x80. 5 Discocyclina trabayensis vicenzensis
Less, Vr-005A, x64. 6 Discocyclina s. l., Vr-005A, x64. 7-9Heterostegoina sp. 1. 7 Vr-005A, x64 . 8 Vr-
005A, x64. 9 Vr-005A, x64.

PLATE 12
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012, Zv-005, Zv-011

HeterolepaHeterolepaHeterolepaHeterolepaHeterolepa reussireussireussireussireussi (Silvestri), 1906
Pl. 11, Fig. 5

1906 Truncatulina dutemplei (d’Orbigny) var.
reussi - Silvestri, p. 33 (Fide Ellis & Messina
1940)

1956 Cibicides dalmatinus van Bellen - Hagn, p.
180, pl. 18, fig. 5a-b

1985 Heterolepa reussi (Silvestri) - Grünig, p. 76,
pl. 11, figs. 7-9

Locality: Vr-011, Vr-012

Family: Gavelinellidae Hofker, 1956

GyroidinoidesGyroidinoidesGyroidinoidesGyroidinoidesGyroidinoides girardanusgirardanusgirardanusgirardanusgirardanus (Reuss), 1851
Pl. 11, Figs. 1-2
1851 Rotalina girardana - Reuss, p. 73, pl. 5, fig.

34

1993 Gyroidinoides girardanus (Reuss) - Sztràkos
(In: Mathelin & Sztràkos), p. 83, pl. 21, fig.
3

Locality: Vr-004, Vr-005A, Vr-010, Vr-
012, Zv-006, Zv-007, Zv-009, Zv-011

GavelinellaGavelinellaGavelinellaGavelinellaGavelinella acutaacutaacutaacutaacuta (Plummer), 1926
Pl. 11, Figs. 6-8

1926 Anomalina ammonoides (Reuss) var. acuta
n. var. - Plummer, p. 149, pl. 10, fig. 2a-c

1983 Anomalina acuta Plummer - Setiawan, p.
131, pl. 14, fig. 3

1987aGavelinella acuta (Plummer) - Sztràkos, p.
31, pl. 13, figs. 12, 13

Locality: Vr-009

Family: Linderinidae Loeblich & Tappan,
1984

EoannulariaEoannulariaEoannulariaEoannulariaEoannularia eocenicaeocenicaeocenicaeocenicaeocenica Cole & Bermudez,
1944
Pl. 12, Fig. 3
1944 Eoannularia eocenica - Cole & Bermudez,

p. 12, pl. 1, figs. 11-16 (Fide Ellis & Messina
1940)

1976 Eoannularia eocenica Cole & Bermudez –
Sirel, p. 80, pl. 1. figs. 1-3; pl. 2, figs. 1, 2,
4, 5, 8, 9

Locality: Vr-005A, Vr-011

Family: Rotaliidae Ehrenberg, 1839

PararotaliaPararotaliaPararotaliaPararotaliaPararotalia armataarmataarmataarmataarmata (d’Orbigny), 1826
Pl. 11, Fig. 9

1826 Rotalia armata - d’Orbigny, p. 273, pl. 8, fig.
no. 22

1970 Pararotalia armata (d’Orbigny) - Le Calvez,
p. 161, pl. 39, fig. 1

1985 Pararotalia armata (d’Orbigny) - Grünig, p.
270, pl. 8, fig. 9

1993 Pararotalia armata (d’Orbigny) - Sztràkos
(In: Mathelin & Sztràkos), p. 83, pl. 42, fig.
11

Locality: Vr-011

PararotaliaPararotaliaPararotaliaPararotaliaPararotalia audouiniaudouiniaudouiniaudouiniaudouini (d’Orbigny), 1826
Pl. 11, Figs. 10-11

1826 Rotalia audouini - d’Orbigny, p. 273, no. 19

1970 Pararotalia audouini (d’Orbigny) - Le
Calvez, p. 162, pl. 34, fig. 8

1975 Pararotalia audouini (d’Orbigny) - Braga et
al., p. 107, pl. 6, figs. 8-9

1983 Pararotalia audouini (d’Orbigny) -
Setiawan, p. 120

1993 Pararotalia audouini (d’Orbigny) - Sztràkos
(In: Mathelin & Sztràkos), p. 83, pl. 42, fig.
12

Locality: Vr-011

Family: Calcarinidae Schwager, 1876

CalcarinaCalcarinaCalcarinaCalcarinaCalcarina lecalvezaelecalvezaelecalvezaelecalvezaelecalvezae Boulanger &
Poignant, 1971
Pl. 11, Figs. 12-13

1971 Calcarina le calvezae - Boulanger &
Poignant, p. 96, pl. 1, figs. 1-10

1991 Calcarina lecalvezae Boulanger & Poignant
- Barbin & Keller-Grünig, p. 242, pl. 1, fig.
22

1993 Calcarina lecalvezae Boulanger & Poignant
- Sztràkos (In: Mathelin & Sztràkos), p. 83,
pl. 22, figs. 7-9

Locality: Vr-014, Zv-009

Family: Nummulitidae de Blainville, 1827

HeterosteginaHeterosteginaHeterosteginaHeterosteginaHeterostegina sp. 1
Pl. 12, Figs. 7-9
Locality: Vr-005, Vr-005A

Operculina Operculina Operculina Operculina Operculina cf..... gomezigomezigomezigomezigomezi Colom & Bauza,
1950
Pl. 12, Figs. 1-2

1950 Operculina canalifera gomezi - Colom &
Bauza, p. 217, pl. 16, figs. 1-3; texte, figs. 1-
2. (Fide Ellis & Messina 1940)

1971 Operculina canalifera gomezi Colom &
Bauza - Ferrer, p. 35, fig. 19

1977 Operculina gomezi Colom & Bauza -
Hottinger, p. 98, figs. 38 A-F

1993 Operculina gomezi Colom & Bauza -
Mathelin (In: Mathelin & Sztràkos), p. 62,
pl. 44, fig. 4
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Locality: Vr-005A

Family: Discocyclinidae Galloway, 1928

DiscocyclinaDiscocyclinaDiscocyclinaDiscocyclinaDiscocyclina trabayensis vicenzensistrabayensis vicenzensistrabayensis vicenzensistrabayensis vicenzensistrabayensis vicenzensis Less,
1987
Pl. 12, Fig. 5

1987 Discocyclina trabayensis Neumann, 1955
vicenzensis n. ssp. - Less, p. 172, pl. 18, figs.
3-5, textfig. 27y

Locality: Vr-005A

Discocyclina Discocyclina Discocyclina Discocyclina Discocyclina s. l.
Pl. 12, Fig. 6
Locality: Vr-004, Vr-005, Vr-005A, VR-
009

AsterocyclinaAsterocyclinaAsterocyclinaAsterocyclinaAsterocyclina sp. 1
Pl. 12, Fig. 4
Locality: Vr-004, Vr-005, Vr-005A
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Spodnjeeocenski numuliti iz Trnovega pri Ilirski Bistrici

Lower Eocene Nummulits from Trnovo in surroundings of Ilirska Bistrica
(SW Slovenia)

Rajko PAVLOVEC

Univerza v Ljubljani, Oddelek za geologijo, Privoz 11, SI - 1000 Ljubljana

Klju~ne besede: foraminifere, numuliti, cuisij, fli{
Key words: foraminifers, nummulites, Cuisian, flysch

Kratka vsebina

Opisanih je osem vrst numulitov iz fli{a pri Trnovem (Ilirska Bistrica). Plasti so zgor-
njecuisijske.

Abstract

Described are eight species of nummulits from flysch at Trnovo near Ilirska Bistrica
(SW Slovenia). The strata are of Upper Cuisian age.

Uvod

V okolici Ilirske Bistrice je raziskoval v
okviru doktorske disertacije Mujibur Ra-
hman Khan iz Banglade{a. Posve~al se je
razvoju in starosti paleogenskih plasti, ki jo
je ugotavljal predvsem na podlagi mikrofo-
raminifer (K h a n , 1976, 1983). Sam sem ta-
krat  iz njegovega terena dolo~al numuliti-
ne. Sedaj so numulitine iz okolice Trnovega
ponovno pregledane in revidirane.

V tej razpravi so opisani numuliti iz Tr-
novega pri Ilirski Bistrici. Nahajali{~e je bli-
zu kamnoloma, ki pridobiva rudistni apne-
nec. K h a n  (1976) ozna~uje to podro~je kot
profil Trnovo. V tamkaj{njem profilu je nad
rudistnim apnencem alveolinsko-numulitni
apnenec ilerdijske starosti. Khan omenja v
njem vrste Idalina sinjarica Grimsdale, Dis-
cocyclina douvillei (Schlumberger), Rotalia

viennoti Grieg in Distichoplax biserialis (Di-
etrich). Nad diskordantno mejo sledi lapo-
rovec, ki ga je K h a n  (1976) uvrstil v zgornji
ilerdij in spodnji cuisij. Te plasti so na pre-
hodu iz apnenca v fli{. V laporovcu je veliko
planktonskih in bento{kih foraminifer. Fli-
{ne plasti v nadaljevanju profila so na ve~
mestih zakrite. Deloma jih sestavljajo me-
njavajo~i laporovci in pe{~enjaki (sovdan),
deloma pe{~enjak in bre~a. V bre~astih pla-
steh so numuliti, alveoline, diskocikline, al-
ge in {e nekateri drugi fosili. Fli{ je v tem
profilu Khan uvrstil v srednji cuisij.

Bre~aste plasti z numuliti so v srednjem
delu fli{nega profila. Fosili so precej po{ko-
dovani. K h a n  (1976) na{teva naslednje obli-
ke: Nummulites bakhchisaraiensis Rozloz-
snik (verjetno N. tauricus), N. campesinus
Schaub, N. ex gr. planulatus (sedaj N. subdi-
stans), N. aff. praelaevigatus Schaub (sedaj
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N. quasilaevigatus). Ta odsek profila je bil
uvr{~en v zgornji del srednjega ali v spodnji
del zgornjega cuisija.

Doslej znane numulitine iz okolice Ilirske
Bistrice so omenjene v publikaciji iz leta
2003 (P a v l o v e c , 2003). Podrobneje so opi-
sane iz okolice Trp~an, kjer je ugotovljen fli{
spodnje in zgornjecuisijske starosti ter iz
prehoda cuisij – lutecij. V vzhodnem delu
Brkinov je veliko ponekod precej bogatih
nahajali{~ numulitin, ki {e niso podrobneje
obdelana. Numuliti iz Trnovega niso najbo-
lje ohranjeni in so elementi hi{ic najve~krat
nekoliko prekristaljeni. Zato je njihova de-
terminacija v~asih te‘ka in morda celo ne-
koliko problemati~na.

Opisi numulitov

Nummulites kapellosi Schaub, 1981
(tab. 1, sl. 2)

1966. Nummulites aff. campesinus n.sp. –
S c h a u b , 361, tab. 1, sl. 13-14, 16-21

1973. Nummulites »aff. campesinus« Schaub, 1966
– K a p e l l o s , 77, tab. 47, sl. 10

1981. Nummulites kapellosi nov.sp. - S c h a u b ,
83, tab. 2 f, tab. 7, sl. 1-22

1993. Nummulites kapellosi Schaub, 1981 –
H i l l e b r a n d t , 282, tab. 1, sl. 2

Mikrosferi~na generacija

Pri Trnovem je ta oblika redka. Le~asta
hi{ica ima na povr{ini mo~ne, okrogle gra-
nule, proti zunanjemu robu pa vse ve~ radi-
alnih, rahlo zavitih septalnih podalj{kov. Ve-
likost je 4,8 do 6,5 mm, debelina 3 do 3,4 mm.
Po S c h a u b u  (1981) so velikosti hi{ic med
4,5 in 6,5 mm. Pri polmeru okrog 1,7 mm je 9
zavojev. Ta numulit je bil najden v severni
Sloveniji (= Nummulites aff. campesinus sen-
su Schaub 1966; D r o b n e  et al., 1977). Pri
teh so velikosti hi{ic med 6 in 7,2 mm, 10
zavojev pa je pri polmeru 2,9 mm.

Zavoji se enakomerno vi{ajo. Zavojni rob
je tanek, septa so nagnjena in rahlo ukrivlje-
na. Kamrice so od sredine zavojev skoraj izo-
metri~ne, nekatere imajo celo ve~jo dol‘ino
kot vi{ino. Zelo podobna vrsti Nummulites
kapellosi je srednjecuisijska podvrsta N. bur-
digalensis cantabricus Schaub, ki ima neko-
liko ni‘je zavoje in nekoliko bolj ukrivljena
septa, na povr{ini hi{ice pa manj{e granule.

Vendar se zdi, da obstajajo prehodi med obe-
ma oblikama (cf. Schaub, 1981, tab. 4 in 7).

S c h a u b  (1966) omenja poleg tipi~nih
zgornjecuisijskih primerkov {e podobne, ki
jih ozna~uje Nummulites aff. campesinus.
To obliko je pozneje opisal kot novo vrsto
Nummulites kapellosi Schaub, ki je srednje-
cuisijska. Vrsta Nummulites kapellosi je bi-
la ugotovljena v apnencih pri Ivartniku na
Koro{kem (=N. aff. campesinus sensu Scha-
ub 1966), pravi N. campesinus pa v prodni-
kih iz miocenskih plasti na Koro{kem
(D r o b n e  et al., 1977). Res pa je, da so si
oboji primerki po velikosti hi{ic in {tevilu
zavojev zelo blizu. Koro{ki numuliti imajo
pri velikosti hi{ic 7,2 mm 12 zavojev in pri
5,8 mm 10 zavojev. Nummulites kapellosi je
znan tudi iz fli{a v Postojni (= N. aff. campe-
sinus sensu S c h a u b  1966; P a v l o v e c ,
1981).

Nummulites kapellosi nastopa najpogo-
steje v srednjecuisijskih plasteh, med dru-
gim tudi iz Buttria v Furlaniji (S c h a u b ,
1981). H i l l e b r a n d t  (1993) omenja to obli-
ko iz Koro{ke v Avstriji tudi v zgornjem
cuisiju, kar ustreza starosti plasti pri Trno-
vem. Vendar je treba opozoriti, da je prime-
rek iz Trnovega zelo podoben vrsti Nummu-
lites campesinus in je prav mogo~e, da je
prehodna oblika med Nummulites kapellosi
in N. campesinus. Vendar so primerki iz Tr-
novega po tanj{em zavojnem robu in nekoli-
ko nepravilno potekajo~ih zavojih bli‘e vr-
sti Nummulites kapellosi.

Nummulites campesinus Schaub, 1966
(tab. 1, sl. 5)

1966. Nummulites campesinus nov. sp. - Schaub,
361-366, sl. 3 k-n, sl. 4-5, tab. 1, sl. 22-27,
tab. 2, sl. 1-15

1973. Nummulites campesinus Schaub - Kapellos,
77-80, sl. 162-170, tab. 1, sl. 22-27, tab. 2,
sl.1-15

1974. Nummulites campesinus Schaub - Pavlovec
in: Cimerman et al., 66, tab. 17-18

1999. Nummulites campesinus Schaub -Pavlovec
& Sim~i~, 273, tab. 2, sl. 7

1981. Nummulites campesinus Schaub, 1966 -
Schaub, 83-85, sl.74, tab. 2, g-h, tab. 7, sl.
23-44, tab. 8, sl. 1-22, tab. 9, sl. 1-20

Mikrosferi~na generacija

Med vsemi numuliti iz Trnovega je ta vr-
sta najpogostej{a. Le~asta hi{ica ima zlasti v
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sredini mo~ne granule, ki postajajo proti zu-
nanjemu robu ne‘nej{e in redkej{e. Vmes so
rahlo zaviti septalni podalj{ki. Velikost hi-
{ic je 7,6 do 8,1 mm, debelina okrog 4,5 mm.
Po S c h a u b u  (1981) so velikosti 5 do 12 mm
(najpogosteje 6 do 8,5 mm) in debeline med 3
in 5mm. Primerki iz Campa, nahajali{~a ho-
lotipa, imajo 11 zavojev na polmer 2,5 do
4,2 mm, kar ustreza na{im primerkom. K a -
p e l l o s  (1973) navaja velikosti med 6 in
8 mm, debeline med 2,5 in 4 mm. Iz Vipol‘
(P a v l o v e c  & S i m ~ i ~ , 1999) so velikosti
hi{ic med 6,9 in10 mm.

Zavoji se enakomerno vi{ajo, pri nekate-
rih primerkih nekoliko hitreje, pri drugih
po~asneje. Zavojni rob je precej mo~an in
obsega slabo tretjino zavoja. Kamrice imajo
v notranjih zavojih vi{ino in dol‘ino precej
enako, v zunanjih zavojih se podalj{ajo in je
pri nekaterih celo ve~ja dol‘ina od vi{ine.
Septa so rahlo upognjena.

Vrsto Nummulites campesinus poznamo
tudi iz zgornjecuisijskih plasti pri Dobrinju
na Krku (S c h a u b , 1981) in iz Vipol‘ v Go-
ri{kih brdih (C i m e r m a n  et al., 1974).

Nummulites tauricus De la Harpe, 1926
(tab. 1, sl. 1)

1973. Nummulites partschi tauricus De la Harpe
– K a p e l l o s , 86, tab. 43, sl. 1, tab. 46, sl.
2, tab. 49, sl,2-3

1981. Nummulites tauricus De la Harpe, 1926 –
S c h a u b , 109-110, tab. 5 d, tab. 29, sl. 15-
33, tab. 31, sl.1-9, 16, 18, 19, 22-23, 25. 27

Mikrosferi~na generacija

Ta vrsta je pri Trnovem redka in najden
je bil en sam precej dobro ohranjen prime-
rek. Plo{~ata hi{ica se proti sredini po~asi
debeli. Na povr{ini so tanki, gosti septalni
podalj{ki. Drobnih granul je najve~ v sred-
njem delu hi{ice, vendar je povr{ina delno
prekrita s sedimentom. Dve hi{ici sta veliki
15,9 mm z debelino 6 mm in 11,9 mm s
5,6 mm. S c h a u b  (1981) navaja velikosti hi-
{ic 10 do 19 mm in debeline 3,5 do 4,3 mm,
torej so tanj{e hi{ice kot pri primerkih iz
Trnovega. Nadalje omenja Schaub 13 zavo-
jev pri polmeru 6 mm, kar povsem ustreza
enemu na{emu numulitu pa tudi drugi se
vklju~uje v variacijsko {irino, to je 12 zavo-
jev pri polmeru 6 mm. K a p e l l o s  (1973) je
izmeril velikosti hi{ic 9 do 10 mm in debeli-

ne 3 do 3,5 mm. Zavoji se precej enakomer-
no vi{ajo. Septa so mo~no nagnjena in pone-
kod srpasta. Kamrice so bolj visoke kot dol-
ge, redkeje skoraj izometri~ne. Zavojni rob
je precej mo~an, vendar ne v vseh zavojih
enako.

Nummulites tauricus je znan iz srednje in
zgornjecuisijskih plasti.Ta vrsta je bila opi-
sana iz mlaj{ih delov ko‘banskih plasti v
Gori{kih brdih (P a v l o v e c , 1963; = Num-
mulites partschi tauricus). Pozneje so bili
izra‘eni pomisleki, ali res pripada tej obliki
(C i m e r m a n  et al., 1974). Vendar se zdi po
primerjavi s fotografijami pri S c h a u b u
(1981), da jo lahko pri{tejemo vrsti Nummu-
lites tauricus in jo pod tem imenom navaja
tudi Schaub v sinonimiki.

S c h a u b  (1981) omenja obliko Nummu-
lites aff. tauricus iz Dobrud‘e v Romuniji, ki
naj bi bila prehodna oblika med N. tauricus
in N. praelorioli Herb & Schaub. Vsekakor
pa je to druga~en numulit kot tisti, ki ga
opisujemo iz Trnovega kot N. aff. praelori-
oli. ^e je v Gori{kih brdih dejansko N. tauri-
cus, je mlaj{i del ko‘banskih plasti najver-
jetneje srednjecuisijski, ker je v medanskih
plasteh nad ko‘banskimi dokazan zgornji
cuisij.

Nummulites aff. praelorioli Herb &
Schaub, 1963

Mikrosferi~na generacija

Pri Vipo‘ah 2 v Gori{kih brdih, je bila
najdena oblika, podobna vrsti Nummulites
praelorioli. Pri njenem opisu (P a v l o v e c ,
2004) so bile navedene pripombe, da se lo~i
od zna~ilnih predstavnikov vrste in bi jo bi-
lo najbr‘ koristno opisati kot novo vrsto ali
podvrsto. Vse ka‘e, da je v Sloveniji dokaj
pogosta, vendar doslej nismo na{li dovolj
dobro ohranjenih primerkov, da bi se lahko
dokon~no odlo~ili za njeno taksonomsko pri-
padnost.

Med slovenskimi numuliti so nekateri ze-
lo veliki, drugi manj{i. Primerek iz Trnove-
ga pri Ilirski Bistrici ima 16,6 mm veliko in
6,2 mm debelo hi{ico, ki ima 17 zavojev pri
polmeru 8,3 mm. S c h a u b  (1981) navaja za
vrsto Nummulites praelorioli velikosti hi{ic
med 14 in 18 mm, debeline med 2,5 in
3,6 mm. Numuliti iz Trnovega se lo~ijo od
tipi~nih predstavnikov vrste tudi po debeli-
ni hi{ice. Pri polmeru 8 do 9,8 mm omenja
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Schaub 16 do 17.5 zavojev. V Vipol‘ah imajo
hi{ice velikosti med 15,7 in 27,2 mm (P a -
v l o v e c  & S i m ~ i ~ , 1999), oziroma 25 mm
(P a v l o v e c , 2004). V srednji Istri imajo nu-
muliti, opisani kot Nummulites praelorioli
velikosti hi{ic med 14 in 18 mm (P a v l o -
v e c , 1969). Vpra{anje je, ~e ne bi tudi te
primerke lahko uvrstili v obliko, ki jo ozna-
~ujemo kot Nummulits aff. praelorioli. Prav
tak{ne velikosti imajo numuliti iz Paprate
na Krku (P a v l o v e c , 2005), ki jih po ostalih
znakih lahko uvr{~amo med tipi~ne pred-
stavnike vrste Nummulites praelorioli.

Vrsta Nummulites praelorioli je bila naj-
dena v zgornjecuisijskih in spodnjelute-
cijskih plasteh (S c h a u b , 1981). Oblika
Nummulites aff. praelorioli iz Vipol‘ je zgor-
njecuisijska.

Nummulites manfredi Schaub, 1966

1966. Nummulites manfredi nov. sp. – S c h a u b ,
371-375, tab. 4, sl. 11-15, tab. 5, sl. 1-4, tab.
6, sl. 1-3

1974. Nummulites manfredi Schaub – P a v l o v e c
in: Cimerman et al., 68-69, tab. 20-21

1976. Nummulites manfredi Schaub – R a h a g h i
& S c h a u b , 771, tab. 1, sl. 11-7

1981. Nummulites manfredi Schaub, 1966 –
S c h a u b , 162-163, tab. 7 k, 8 b, tab. 58, sl.
31-44

1993. Nummulites manfredi Schaub, 1966 -
H i l l e b r a n d t , 286-288, tab. 2, sl. 5-6

Mikrosferi~na generacija

Ta vrsta je pri Trnovem redka. Tanka hi-
{ica s 14 zavoji je velika 11 mm in ima na
povr{ini drobne granule, ki jih je proti zuna-
njemu robu vse manj. Med njimi so tanki,

nepravilno potekajo~i septalni podalj{ki. Po
S c h a u b u  (1981) so velikosti hi{ic med 10
in 18 mm. Notranji zavoji se po~asi dvigajo,
od sredine hi{ice naprej pa hitreje, vendar
precej enakomerno. Zavojni rob je tanek.
Septa so ponekod bolj, drugod manj uslo~e-
na in nagnjena. Septa in vi{ine zavojev pre-
cej variirajo. Kamrice so ve~inoma bolj viso-
ke kot dolge, v zunanjih zavojih so skoraj
izometri~ne.

Vrsta Nummulites manfredi je bila najde-
na med drugim v Gori{kih brdih (C i m e r -
m a n  et al., 1974) pa tudi v Furlaniji (S c h a -
u b , 1981). @ivela je v zgornjem cuisiju.

Nummulites subdistans De la Harpe, 1926
(tab. 1, sl. 4)

1981. Nummulites subdistans De la Harpe, 1926 –
S c h a u b , 189-190, tab. 12 a, tab. 65, sl. 1-
8

2004. Nummulites subdistans De la Harpe, 1926 –
P a v l o v e c  & B a ~ a r , 123, tab. 1, sl. 6-8

Mikrosferi~na generacija

Tanka hi{ica ima na povr{ini ne‘ne, ne-
koliko zavijajo~e septalne podalj{ke in v
srednjem delu nekaj granul. Velikost hi{ice
je 5,5 mm, debelina 2,8 mm. Po S c h a u b u
(1981) so velikosti hi{ic med 8 in 13 mm,
debeline med 2 in 3,5 mm. Numulit iz Vi-
pavske doline (P a v l o v e c  & B a ~ a r , 2004)
ima velikosti hi{ic med 8 in 10 mm.

Zavoji se po~asi, enakomerno in pravilno
vi{ajo. Zavojni rob obsega tretjino do ~etrti-
ne vi{ine zavojev. Septa so gosta in srpasta.
Pri velikosti hi{ice 5,5 mm je 10 zavojev,
medtem ko jih S c h a u b  (1981) navaja ena-

Tabla 1 - Plate 1

1 Nummulites tauricus De la Harpe, oblika B, ekvatorialni prerez, 5 x
Nummulites tauricus De la Harpe, B form, equatorial section, 5 x

2 Nummulites kapellosi Schaub, oblika B, ekvatorialni prerez, 10 x
Nummulites kapellosi Schaub, B form, equatorial section, 10 x

3 Nummulites pavloveci Schaub, oblika B, ekvatorialni prerez, 10 x
Nummulites pavloveci Schaub, B form, equatorial section, 10 x

4 Nummulites subdistans De la Harpe, oblika B, ekvatorialni prerez, 10 x
Nummulites subdistans De la Harpe, B form, equatorial section, 10 x

5 Nummulites campesinus Schaub, oblika B, ekvatorialni prerez, 10 x
Nummulites campesinus Schaub, B form, equatorial section, 10 x
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ko {tevilo pri velikostih hi{ic med 4,4 in
6 mm.

Vrsti Nummulites subdistans je zelo po-
dobna N. haymanensis Hottinger, ki je ne-
koliko ve~ja, po S c h a u b u  (1981) med 6 in
13 mm. [e ve~ji so primerki po ekvatorial-
nem prerezu precej podobnih vrst Nummuli-
tes kaufmanni Mayer-Eymar, N. nemkovi
Schaub, N. archiaci Schaub in N. pratti
D’Archiac & Haime.

Nummulites subdistans je znan iz spod-
njega in srednjega cuisija. Pri Dolnjem mli-
nu v Vipavski dolini je bil najden v olisto-
stromnem kosu apnenca, ki mu pripisujejo
spodnjecuisijsko starost. Ker so fli{ne plasti
pri Trnovem mlaj{e, mora biti tu ta vrsta
presedimentirana iz starej{ih plasti. Verjet-
no je pri{la iz spodnjecuisijskega fli{a, saj je
v bli‘ini pri Trp~anah nedale~ od Ilirske Bi-
strice ugotovljen fli{ te starosti (P a v l o v e c ,
2003).

Nummulites pavloveci Schaub, 1981
(tab. 1, sl. 3)

1981. Nummulites pavloveci nov. sp. – S c h a u b ,
120-121, tab. 5, m,n, tab. 27, sl. 26-52

2003. Nummulites pavloveci Schaub, 1981 –
P a v l o v e c , 238, tab. 4, sl. 1-2

Mikrosferi~na generacija

Ta numulit ima plo{~ato hi{ico, ki se ena-
komerno debeli proti sredini. Na povr{ini so
tanki, skoraj radialni ali nekoliko zaviti sep-
talni podalj{ki. Hi{ica edinega najdenega
primerka iz Trnovega ima premer 8,5 mm in
debelino 3,6 mm. Po S c h a u b u  (1981) so
primerki veliki med 8 in 15 mm, debeli pa
med 3,2 in 5,8 mm. V edinem doslej znanem
nahajali{~u te vrste v Sloveniji so velikosti
hi{ic okrog 10 mm (P a v l o v e c , 2003).

Zavoji se precej enakomerno dvigajo. Za-
vojni rob je mo~an in obsega pribli‘no tret-
jino zavoja. Kamrice imajo v notranjih za-
vojih ve~jo vi{ino kot dol‘ino. V srednjih
zavojih so skoraj izometri~ne, pri zunanjih
pa v~asih dol‘ina presega vi{ino. Septa so
nagnjena, zlasti v zunanjih zavojih so mo~no
ukrivljena in v~asih srpasta. Res pa je, da
vi{ine zavojev, oblike sept in kamric pri
Schaubovih slikah (1981) mo~no variirajo.
Primerek iz Trnovega ima 10 zavojev na pol-
mer 4,3 mm. Izmerili smo nekaj Schaubovih
numulitov, pri katerih je {tevilo zavojev na

polmer hi{ice 14/6,5, 13/6, 12/5. Najbolj po-
doben na{emu primerku je tisti, ki ima 10
zavojev pri polmeru 4,5 mm.

Iz srednjecusijskega fli{a v Postojni je
omenjena vrsta Nummulites vipavensis De
Zanche & Pavlovec (P a v l o v e c , 1981, tab.
1, sl. 5) z 12 zavoji pri premeru 6,5 mm. Zelo
je podobna primerku iz Trnovega. Zato jo
sedaj pri{tevamo vrsti Nummulites pavlove-
ci.

Nummulites pavloveci je bil prvi~ opisan
iz okolice Kotar~ (Guttaring) na avstrijskem
Koro{kem in sicer iz bazalnega cuisija.
S c h a u b  (1981) omenja v drugih nahajali-
{~ih to vrsto iz spodnjega ter srednjega cu-
isija, iz Francije, [panije in Romunije pa iz
zgornjecuisijskih plasti. Pri Trp~anah v oko-
lici Ilirske Bistrice je bila ugotovljena v
spodnjecuisijskem fli{u (P a v l o v e c , 2003).
Vpra{anje je, ali niso v raznih delih cuisija
razli~ne vrste ali podvrste, na kar bi kazalo
veliko variiranje. Primerku iz Trnovega je
po obliki sept in kamric najbolj podoben
numulit iz zgornjecuisijskih plasti v nahaja-
li{~u Bergouey (Landes, Francija; S c h a u b ,
1981, tab. 27, sl. 43).

Nummulites quasilaevigatus Pavlovec,
1974

1966. Nummulites aff. praelaevigatus - S c h a u b ,
375, sl. 6 c-d, sl. 9, tab. 6, sl. 4-6

1974. Nummulites quasilaevigatus n.sp. –
P a v l o v e c  in: Cimerman et al., 69-72, sl.5,
tab. 22-23

1981. Nummulites quasilaevigatus Pavlovec, 1974
- S c h a u b , 171, tab. 7, sl.v, tab. 60, sl. 11-
17

1999. Nummulites quasilaevigatus Pavlovec -
P a v l o v e c  & S i m ~ i ~ , 275, tab. 2, sl. 2

Mikrosferi~na generacija

Plo{~ata hi{ica ima na povr{ini ne‘ne gra-
nule, najgostej{e v sredini, redkej{e proti zu-
nanjemu robu. Vmes so meandrirajo~i sep-
talni podalj{ki. Pri Trnovem je ta vrsta
redka, velikost hi{ice je 10,3 mm in debelina
3 mm. Po S c h a u b u  (1981) so velikosti med
7,5 in 14,5 mm, debeline pa med 1,6 in
3,5 mm. Iz Vipol‘ navajajo velikosti hi{ic
med 10,4 in 14,6 mm (C i m e r m a n  et al.,
1974) in 10,5 mm (P a v l o v e c  & S i m ~ i ~ ,
1999).

Zavoji se po~asi vi{ajo, malo hitreje v zu-
nanji polovici hi{ice. Pri mnogih primerkih
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potekajo zavoji precej nepravilno. Zavojni
rob je tanek. Septa so nagnjena in malo
ukrivljena. Primerek iz Trnovega ima malo
manj ukrivljena septa, kot ve~ina drugih
znanih predstavnikov te vrste. Kamrice so
zlasti v zunanjih zavojih precej izometri~ne,
nekatere imajo celo malo ve~jo dol‘ino kot
vi{ino. Na splo{no numuliti iz skupine Num-
mulites laevigatus mo~no variirajo tako po
poteku in vi{ini zavojev kot po obliki kamric
(P a v l o v e c , 1969).

Vrsta Nummulites quasilaevigatus je zna-
na iz zgornjega cuisija. Holotip je opisan iz
Vipol‘ v Gori{kih brdih (C i m e r m a n  et al.,
1974). Najdena je bila tudi pri Campu in
drugih nahajali{~ih v [paniji, v Furlaniji
(Rosazzo, Noax), v Dobrinju na Krku
(S c h a u b , 1981) in v Iranu (R a h a g h i  &
S c h a u b , 1976).

Zaklju~ek

Fli{ne plasti z numuliti pri Trnovem so
zgornjecuisijske starosti. V {ir{i okolici Ilir-
ske Bistrice so razli~no stare fli{ne plasti, ki
so ponekod tektonsko premetane. Zato je
potrebno natan~no preverjati stratigrafske
podatke. Tudi pri Trnovem je ena numulitna
vrsta, ki je presedimentirana, zelo verjetno
iz starej{ega cuisijskega fli{a, ki je v tej oko-
lici ‘e ugotovljen. Vsaka raziskava numuli-
tin v Brkinih prina{a nove podatke in nove
vrste, ki jih prej iz te okolice nismo poznali.

Lower Eocene Nummulits from
Trnovo in surroundings of

Ilirska Bistrica (SW Slovenia)
Summary

The section near Trnovo in the surroun-
dings of Ilirska Bistrica researched K h a n
(1976). Above Cretaceous limestones lies
Ilerdian alveolinic-nummulitic limestone,
then marl of Upper Ilerdian and Lower Cu-
isian. It follows flysch. In some younger stra-
ta of flysch is breccia with nummulites. We
established following species: Nummulites
kapellosi Schaub, N. campesinus Schaub, N.
tauricus De la Harpe, N. aff. praelorioli Herb
& Schaub, N. manfredi Schaub, N. pavloveci
Schaub and N. quasilaevigatus Pavlovec.
This nummulites indicate the Upper Cuisian

age. The species Nummulites subdistans De
la Harpe is of Lower and Middle Cuisian
and so redeposited probably from older
flysch which is known from the surroun-
dings of Ilirska Bistrica (P a v l o v e c , 2003).
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Novi najdbi pol‘a rodu VelatesVelatesVelatesVelatesVelates iz eocenskega fli{a Gori{kih brd in
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The new findings of VelatesVelatesVelatesVelatesVelates snail from Eocene flysch in Gori{ka brda and
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Vasja MIKU@

Oddelek za geologijo, Naravoslovnotehni{ka fakulteta,
Univerza v Ljubljani, Privoz 11, 1000 Ljubljana, Slovenija

vasja.mikuz@ff.uni-lj.si

Klju~ne besede: pol‘i, Velates, eocen, fli{, Slovenija in Hrva{ka
Key words: snails, Velates, Eocene, flysch, Slovenia and Croatia

Kratka vsebina

Obravnavana sta dva primerka eocenskih pol‘ev vrste Velates perversus (Gmelin, 1791).
Prvi je najden v spodnjeeocenskih fli{nih plasteh v najdi{~u Vipol‘e v Gori{kih brdih,
drugi v srednjeeocenskih fli{nih skladih pod zaselkom Gra~i{}e pri Pazinu v Istri.

Abstract

Two specimens of Eocene snails of the species Velates perversus (Gmelin, 1791) are
considered. The first was found in Lower Eocene flysch beds at the Vipol‘e locality in
Gori{ka brda, and the second one in Middle Eocene flysch beds below the settlement
Gra~i{}e near Pazin in Istria (Croatia).

Uvod

V Sloveniji so ‘e bili najdeni primerki ve-
latesov v eocenskem fli{u Vipavske doline in
Gori{kih brd. Raziskovala sta jih M i k u ‘  &
P a v l o v e c  (2002) in ugotovila, da vsi najde-
ni primerki pripadajo le eni vrsti Velates per-
versus, ki pa je bila v paleogenskem morju
zelo raz{irjena, saj so jo na{li v Evropi, Afriki
in Indiji. Pred kratkim, v letu 2004 je v najdi-
{~u Vipol‘e-2 ljubitelj in zbiralec fosilov in
mineralov iz Ajdov{~ine Stanislav Ba~ar na-
{el dosedaj najve~jega velatesa pri nas.

Ve~ kot tri desetletja pa obiskujemo in
pregledujemo tudi nekatera nahajali{~a
eocenske makrofavne v Istri, ki so v sever-
nem in osrednjem fli{nem delu Istre precej
pogostna. V letu 2005 je Vili Rakovc v Gra-
~i{}u pri Pazinu na{el kameno jedro velate-
sa, ki ga doslej iz tega najdi{~a nismo pozna-
li, ~eprav so tam ‘e bila najdena zelo {tevilna
kamena jedra najrazli~nej{ih pol‘ev in
{koljk. Kamena jedra mehku‘cev v omenje-
nem nahajali{~u so obi~ajno v slabem sta-
nju, so precej korodirana in ve~inoma raz-
lomljena.



54 Vasja Miku`

Paleontolo{ki del

Sistematika po: Golikov & Starobogatov,
1975 in Wenz, 1938

Classis Gastropoda Cuvier, 1797
Subclassis Pectnibranchia Blainville, 1814

Superordo Neritimorpha Golikov &
Starobogatov, 1975

Ordo Planilabiata Stoliczka, 1868
Superfamilia Neritoidea Rafinesque, 1815

Familia Neritidae Rafinesque, 1815

Genus Velates Montfort, 1810

Velates perversus (Gmelin, 1791)
Tab. 1, sl. 1a-1b; tab. 2, sl. 1; tab. 3, sl.

1a-1c

1823 Nerita conoidea Brongniart – B r o n g n i a r t ,
Pl. 2, Fig. 22

1824 Neritina conoidea Deshayes – D e s h a y e s ,
T. 2, 149, Pl. 18, Figs. 1-8

1894 Velates Schmideliana Chemn. – De Grego-
r io , Pl. 6, fig. 181

1895 Velates Schmidelianus Chemn. – Z i t t e l ,
331, Fig. 805

1897 Velates Balkanicus n. sp. – B o n t s c h e f f ,
380, Taf. 6, Figs. 1-6

1907-13  Velates Schmiedeli (Chemn.) – C o s s -
m a n n  & P i s s a r r o , Pl. 6, fig. 40-1

1911 Velates schmiedelianus Chemnitz sp. – B o -
u s s a c , 269

1938 Velates perversus (Gmelin) – W e n z , 417,
Abb. 1016

1947 Velates Schmiedeli Chemnitz – F u r o n  &
S o y e r , 230, Pl. 6, fig. 40-1

1954 Velates schmidelianus Chemn. – M a l a r o -
d a , 37, Tav. 2, Figs. 1a-1c; Tav. 10, Figs.
14a-14b

1955 Velates perversus (Gmelin) – S h i m e r  &
S h r o c k , 479-480, Pl. 197, Figs. 35-37

1958 Velates Schmidelianus Chemnitz – T e m -
k o v a , 113, Tab. 8, sl. 2

1959 Velates schmidelianus (Chemnitz) – P a v l o -
v e c , 373

1960 Velates schmideli (Chemn.) – V a d á s z , 591,
tábl. 36, fig. 9-10

1960 Velates schmiedeli (Chemnitz) – H. & G.
T e r m i e r , 365, fig. 2667 a

1960 Velates perversus (Gmelin) – H. & G. T e r -
m i e r , 365, fig. 2667 b

1964 Velates perversus (Gmelin, 1791) – K a r a g -
j u l e v a , 132, Tabl. 40, figs. 3a, 3b, 10

1966 Velates schmidelianus (Chemnitz) 1785 –
S t r a u s z , 17, Tábl. 4, figs. 1, 4; Tábl. 23,
figs. 6-9; Tábl. 24, fig. 1

1972 Velates schmidelianus (Chemnitz), 1786 –
K e c s k e m é t i n é -K ö r m e n d y , 220, Tábl.
5, fig. 7; Tábl. 6, figs. 1-2

1995 Velates perversus Gmelin, 1791 – Le R e -
n a r d  & P a c a u d , 90

2002 Velates perversus (Gmelin, 1791) – M i k u ‘
& P a v l o v e c , 95, Tab. 1, sl. 1-4; tab. 2, sl.
1-4; tab. 3, sl. 1-3

2003 Velates perversus (Gmelin, 1791) – K l e p a ~ ,
272-273, Fig. 32 A-B

Material: Primerek iz Gori{kih brd {t. 6536
iz zbirke Stanislava Ba~arja, kameno jedro iz
olistostrome pri Gra~i{}u v Istri, primerek je
shranjen v zbirki Vilija Rakovca.

Nahajali{~i: Spodnjeeocenski skladi pri
Vipol‘ah v Gori{kih brdih in srednjeeocen-
ske fli{ne plasti pod zaselkom Gra~i{}e pri
Pazinu v Istri.

Opis primerka iz najdi{~a Vipol‘e -2:
Ohranjeni sta dobri dve tretjini primerka,
zunanja ustna je odlomljena. Kameno jedro
je nizko sto‘~asto, s {iroko bazo in asime-
tri~no postavljenim vrhom blizu roba hi{ice.
Na nekaterih mestih so ohranjeni tudi posa-
mezni deli stene hi{ice.

Opis kamenega jedra iz Gra~i{}a: Kame-
no jedro je ohranjeno v celoti, njegova obli-
ka je tipi~na za velatese, predvsem spodnja
bazalna stran s polmese~asto oblikovanim
predelom nekdanjega ustja in z zna~ilno na-

Tabla 1 – Plate 1

1a Velates perversus (Gmelin, 1791), zgornja stran, primerek 6536, Vipol‘e-2, zbirka S. Ba~arja, x 0,9

Velates perversus (Gmelin, 1791), apical side, specimen 6536, Vipol‘e-2, collection of S. Ba~ar, x
0,9

1b Isti primerek s strani, x 1

The same specimen from lateral side, x 1
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zob~anim notranjim delom ustne odprtine
oziroma notranjo ustno.

Dimenzije v m (Dimensions in mm):
Primerki {irina 1 {irina 2 vi{ina
Specimens Width 1 Width 2 Height
Vipol‘e-2 (Tab. 1, 2) 80 111 60
Gra~i{}e (Istra) (Tab. 3) 80 84 55

Tabela 1. Primerjava velikosti (v mm) velatesov
iz Slovenije s primerki iz Hrva{ke (Drni{,
Bribir, otok Krk), Bosne in Hercegovine

(Mostar, Soba~; Posu{je), Mad‘arske (Dudar),
Bolgarije, Francije in Italije.

Table 1. Comparison of dimensions (in mm) of
Velates from Slovenia with specimens from

Croatia (Drni{, Bribir, island Krk), Bosnia and
Herzegovina (Mostar, Soba~, Posu{je), Hungary

(Dudar), Bulgaria, France and Italy.

Primerki {irina 1 {irina 2 vi{ina
Specimens Width 1 Width 2 Height
Slovenija (Slovenia) 33-80 38-111 20-60
Hrva{ka (Croatia) 18-59 24-77 13-47
BiH (Bosnia and Herzeg.) 34-60 44-57 25-35
Mad‘arska (Hungary) 39-115 45-170 22-70
Bolgarija (Bulgaria) 22-44 26-54 15-28
Francija (France) 30-72 38-92     -
Italija (Italy) 28-123 33-125 17-79

Stratigrafska in geografska raz{irjenost:
Po podatkih O p p e n h e i m a  (1896-97) je bi-
la opisana vrsta najdena v eocenskih skladih
Italije, Francije, Nem~ije, Hrva{ke (Kosa-
vin), Mad‘arske, Indije in Egipta. B o u s s a c
(1911) pi{e, da je vrsta najdena v srednje-
eocenskih (lutecijskih) plasteh Pari{ke ko-
tline v Franciji, Egiptu, Indiji in Italiji. Iz
{tevilnih italijanskih najdi{~ in Bribirja,
Ostrovice ter Zazvi~a na Hrva{kem jo nava-
ja D a i n e l l i  (1904; 1905; 1915). W e n z
(1938) vrsto Velates perversus (Gmelin) ome-
nja iz spodnjega eocena Francije, iz najdi{~
Ypres, Sables de Cuise in Saint Gobain. M a -
l a r o d a  (1954) pi{e, da so velatese na{li v
eocenskih (lutecijskih), priabonijskih in ru-
pelijskih skladih Italije. Iz priabonijskih pla-
sti najdi{~a Drago‘el in Ov~jega polja v Ma-
kedoniji jo opisuje T e m k o v a  (1958).
P a v l o v e c  (1959, 374) navaja, da so pri-
merke na{li tudi v lutecijskih in prominskih
skladih na Velem To~ku, v Istri in Hercego-
vini. S t r a u s z  (1966, 145) v svoji tabeli na-
vaja, da so primerki opisane vrste zelo raz-
{irjeni v eocenskih skladih Mad‘arske
(Dudar, Gánt). Nadalje je v delu istega av-
torja {e razvidno, da so mad‘arski primerki
izredno veliki, {iroki od 115 do 170 mm in
visoki do 70 mm. Po podatkih K e c -

s k e m é t i n é -K ö r m e n d y  (1972) je vrsta
zelo raz{irjena, najdena je v srednje in zgor-
njeeocenskih skladih Mad‘arske in v prete‘-
no srednjeeocenskih skladih Francije, Belgi-
je, Nem~ije, Italije, [vice, Bolgarije,
nekdanje Jugoslavije in Romunije. P i c c o l i
(1984) in P i c c o l i  et al. (1986) pi{ejo, da je
vrsta Velates perversus ugotovljena v paleo-
censkih skladih Indije in Pakistana, v spod-
njeeocenskih Italije (Veneto), Somalije, In-
dije in Pakistana, srednjeeocenskih Pari{ke
kotline, Italije, Somalije, Indije, Pakistana,
Burme in Jave, zgornjeeocenskih Pari{ke ko-
tline, Italije, Somalije, Burme in Jave ter v
spodnjeoligocenskih Italije. P i n n a  (1989,
262) jo omenja iz eocenskih plasti najdi{~a
Roncá, v pokrajini Veneto v Italiji. S o k l i }
(2001, 199) navaja velatese iz srednjeeocen-
skih skladov Bosne in Hercegovine v najdi-
{~ih na Majevici, Konjovac, Tribistovo, Za-
humlje in Lukavac ter iz priabonijskih plasti
najdi{~ Nugla, Vinjani in Zagorje. Po podat-
kih K l e p a ~ e v e  (2003, 272), so velatese na-
{li tudi v lutecijskih plasteh najdi{~a Ju-
randvor na otoku Krku.

Zaklju~ki

Prvi primerek (tab. 1 in 2) vrste Velates
perversus (Gmelin, 1791) je najden v spod-
njeeocenskem fli{u najdi{~a Vipol‘e-2 v Go-
ri{kih brdih, drugi pa v srednjeeocenskem
fli{u pod zaselkom Gra~i{}e v Istri.

Opisana fosilna ostanka predstavljamo
zato, ker je primerek iz Gori{kih brd zaen-
krat najve~ji pri nas najden velates. Prime-
rek iz Gra~i{}a pri Pazinu v Istri pa je zani-
miv predvsem zato, ker doslej tam {e ni bil
najden in ker je njegovo kameno jedro zelo
dobro ohranjeno, kar ni zna~ilno za kamena
jedra ostalih mehku‘cev v omenjenem naj-
di{~u.

The new findings of VelatesVelatesVelatesVelatesVelates
snail from Eocene flysch in

Gori{ka brda and Gra~i{}e in
Istria

Conclusions

The first specimen (Pl. 1 and 2) of species
Velates perversus (Gmelin, 1791) was found
in the lower Eocene flysch beds of the Vipol-
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Tabla 2 – Plate 2

1 Velates perversus (Gmelin, 1791), spodnja stran, primerek 6536, Vipol‘e-2, zbirka S. Ba~arja, x 0,9

Velates perversus (Gmelin, 1791), adapical side, specimen 6536, Vipol‘e-2, collection of S. Ba~ar,
x 0,9
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‘e-2 locality in Gori{ka brda, and the se-
cond one in Middle Eocene flysch below the
Gra~i{}e settlement in Istria.

The reason for presenting the described
fossil remains is the large size of the  Gori-
{ka brda individual which is for the time
being the largest velates found in Slovenia.
The specimen from Gra~i{}e near Pazin in
Istria is interesting because of representing
the first velates find in that locality. In addi-
tion, its stony core is very well preserved
which is not typical for rock cores of other
mollusca in that locality.

Zahvala

Najditeljema gospodoma Stanetu Ba~ar-
ju iz Ajdov{~ine in Viliju Rakovcu iz Kranja
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Kratka vsebina

V ~lanku je obravnavana {koljka vrste Lithophaga ornatissima (Mayer-Eymar, 1886)
iz koralita, najdenega v oligocenskih kamninah potoka Plaznica blizu Polj{ice pri Pod-
nartu. Omenjena vrsta litofage je v Sloveniji najdena prvikrat. V starej{i literaturi dosedaj
niso bile omenjane najdbe fosilnih morskih dateljev iz bli‘nje okolice Polj{ice na Gorenj-
skem.

Abstract

In paper the bivalve of species Lithophaga ornatissima (Mayer-Eymar, 1886) is descri-
bed, found in a corallite in Oligocene beds of the Plaznica creek at Polj{ica near Podnart.
This is the first find of this litophaga species in Slovenia. In literature no finds of fossil
date mussels are mentioned from surroundings of Polj{ica in Upper Carniola.

Uvod

Spomladi 2006 je znani zbiralec in ljubi-
telj fosilov in mineralov z dolgoletnim sta-
‘em gospod Vili Rakovc iz Kranja, pregledo-
val ‘e velikokrat obiskana nahajali{~a
fosilov in mineralov v potoku Plaznica pri
Polj{ici na Gorenjskem (slika 1). Pri iskanju
mineralov v oligocenskih koralitih je naletel
tudi na izredno lepo ohranjeno oligocensko
{koljko rodu Lithophaga oziroma na “ka-
mnovrta”, ki je predmet predstavitve tega
prispevka. [koljka je ohranjena v celoti, to-

rej z obema lupinama, kar je velika redkost.
Najve~krat njihove tanke lupinice propade-
jo, so razlomljene ali pa se povsem raztopijo.
Navadno se ohranijo le njihova kamena je-
dra, pogostokrat pa ostanejo samo njihove
izvrtanine v razli~nih in razli~no starih ka-
mninah. Po oblikovanosti izvrtanin v ka-
mninah lahko sklepamo na: prisotnost lito-
fag in drugih kamnovrtov, na nekdanjo obalo
ter plitvo morsko okolje in na njihovo ro-
dovno pripadnost, predvsem po pre~nem
preseku obeh lupin ali njihovih bivalnih pro-
storov.
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Dosedanje raziskave oligocenskih
mehku‘cev Polj{ice

Fosilne ostanke iz okolice Polj{ice med
prvimi omenja L i p o l d  (1857), ki med {kolj-
kami navaja samo dve vrsti, med katerima
pa ni litofage. Nekoliko kasneje se je znova
ukvarjal z dolo~itvami polj{i{kih mehku‘-
cev F u c h s  (1874) in ugotovil sedem razli~-
nih {koljk in devet pol‘ev. V njegovem popi-
su {koljk tudi ni litofag. Naslednji
raziskovalec makrofosilov iz okolice Polj{i-
ce je bil O p p e n h e i m  (1896), ki je opisal
veliko razli~nih koral, manj mehku‘cev, ven-
dar med {koljkami ne navaja litofag. R a -
k o v e c  (1933), ki je povzel podatke od
F u c h s a  (1874) in O p p e n h e i m a  (1896),

iz Polj{ice pri Podnartu na{teva 14 razli~nih
{koljk, v seznamu ni litofag. M i k u ‘  (2002)
prvikrat s slikami predstavlja 21 razli~nih
“polj{i{kih” oligocenskih pol‘ev, vsi so bili
najdeni na ozemlju med ^e{njico na severo-
zahodu in Polj{ico na jugovzhodu. Najlep{i
primerki “polj{i{kih pol‘ev” so v zbirki Vi-
lija Rakovca v Kranju. Polj{i{ko makrofav-
no so {e raziskovali: B a r t a - C a l m u s
(1973) korale, M i k u ‘  (2000) dva morska
je‘ka in M i k u ‘  & ^ v o r o v i }  (2001) velike
krasatele.

Vse do za~etkov 21. stoletja, so bile polj{i-
{ke {koljke samo omenjane ali na{tevane, nih-
~e jih ni sistemati~no zbiral, prepariral, dolo-
~eval in jih predstavil z opisi in slikami. Ker je
‘e zbranih precej raznolikih {koljk, predvsem
v zbirki Vilija Rakovca in drugih, namerava-
mo v bodo~e prikazati tudi oligocenske {kolj-
ke Polj{ice in njene okolice in jih primerjati z
‘e znanimi najdi{~i doma in v tujini.

Paleontolo{ki del

Sistematika po: Cox et al., 1969

Classis Bivalvia Linné, 1758 (Buonanni,
1681)

Subclassis Pteriomorphia Beurlen, 1944
Ordo Mytiloida Férussac, 1822

Superfamilia Mytilacea Rafinesque, 1815
Familia Mytilidae Rafinesque, 1815
Subfamilia Lithophaginae Adams &

Adams, 1857

Genus Lithophaga Röding, 1798

Sl. 1 Polo‘aj najdi{~a oligocenske litofage pri
Polj{ici

Fig. 1 The position of finding-place of
Oligocene Date Mussel near Polj{ica

Tabla 1 – Plate 1

1a Lithophaga ornatissima (Mayer-Eymar, 1886), desna lupina, potok Plaznica, zbirka V. Rakovca, x
1,4

Lithophaga ornatissima (Mayer-Eymar, 1886), right valve, Plaznica brook, collection of V. Rakovc,
x 1,4

1b Isti primerek s spodnje strani, x 1,4

Ventral side of the same specimen, x 1,4

1c Isti primerek z zgornje strani, x 1,4

Dorsal side of the same specimen, x 1,4

1d Leva lupina istega primerka, x 1,4

Left valve of the same specimen, x 1,4
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Po podatkih C o x a  et al. (1969, N276) so
se prvi primerki rodu Lithophaga pojavili ‘e
v mlaj{em paleozoiku in se obdr‘ali vse do
danes. Po na{em mnenju, je v geolo{kem smi-
slu ta dolga pojavnost najverjetneje poveza-
na tudi z njihovimi trdnimi kamnitimi pre-
bivali{~i, tako so bili dobro za{~iteni pred
morebitnimi predatorji.

Z e i  (1956, 192) {koljke tega rodu imenu-
je prstaki in pi{e:”svojevrstne {koljke najde-
mo v trdni skali, kamor so si zvrtale domove;
po barvi, obliki in velikosti pa so podobni
dateljem”. V monografiji M i l i { i } a  (1991,
36-37) izvemo, da ima ta {koljka v svetu
veliko razli~nih poimenovanj in da prebiva
tudi po celotni kamniti obali vzdol‘ Jadrana
na globinah od 0 do 20 m in ve~. Nadalje {e
pi{e, da z izlo~anjem kisline delajo gladke
poglobitve v apnencih v katerih prebivajo.
@ivijo v skupinah na obmo~jih ve~je cirku-
lacije morske vode. Hranijo se s plankto-
nom. A b b o t t  & D a n c e  (1991, 299) pred-
stavljata ve~ razli~nih vrst rodu Lithophaga,
ki ‘ivijo na razli~nih koncih sveta. Ve~ina
‘ivi v plitvi vodi (subtidalu), mehkih kamni-
nah, nekatere tudi v koralnih grebenih. Dol-
‘ina njihovih lupinic variira med 3,5 in
10 cm.

P a v { i ~  (1995, 80) je litofage poimenoval
kameno‘rke in navaja, da so sledovi vrtanja
teh {koljk pogosti na starih obalah terciar-
nih kadunj pri nas. Na{li pa so jih v Zasavju
in na [tajerskem, povsod pa so zanesljive
pri~e nekdanje skalne obale.

Lithophaga ornatissima (Mayer-Eymar,
1886)

Tab. 1, sl. 1a-1d, tab. 2, sl. 1-2

1900-01 Lithodomus Zignoi n. sp. – Oppenheim,
148, Taf. 18, Figs. 7-7a

1911 Lithodomus ornatissimus Mayer Eymar –
Boussac, 151, Pl. 7, Figs. 7, 9

1915 Lithodomus Zignoi Opp. – Dainelli, 451

1990 Lithophaga zignoi (Oppenheim, 1900-01) –
Baglioni Mavros, 251

Material: En primerek, skoraj v celoti ima
ohranjeni obe lupini. Litofago je na{el Vili
Rakovc iz Kranja, shranjena je v njegovi pri-
vatni zbirki.

Nahajali{~e: Oligocenski skladi potoka
Plaznica pri Polj{ici oziroma Podnartu na
Gorenjskem. Litofaga je najdena v ve~jem
kosu koralnega apnenca ali delu koralita.

Tabla 2 – Plate 2

1 Odtis leve lupine morskega datlja vrste Lithophaga ornatissima (Mayer-Eymar, 1886) v oligocenskem
koralnem apnencu, potok Plaznica, x 1

The impression of left Date Mussel in Oligocene coral limestone, Plaznica brook, x 1

2 Lithophaga ornatissima (Mayer-Eymar, 1886) v oligocenskem koralnem apnencu, x 1,1

Lithophaga ornatissima (Mayer-Eymar, 1886) in Oligocene coral limestone, x 1,1

3 Oligocenske korale iz potoka Plaznica pod zaselkom Polj{ica pri Podnartu, x 1,1

Oligocene corals from Plaznica brook below village Polj{ica near Podnart, x 1,1

Fotografije (Photos): Marijan Grm

Tabela 1. Primerjava velikosti litofag iz Slovenije, Italije in [vice (dimenzije v mm)

Table 1. Comparison of dimensions of Date Mussels from Slovenia, Italia and Helvetia (Dimensions
in mm)

Primerek dol‘ina vi{ina debelina najdi{~e
Specimen Length Height Thickness Find. place
Tab. 1, sl. 1a-1d 67 16,5 14 Plaznica
Oppenheim (1900-01) 62 17 13 Brendola
Boussac (1911) 58 14 - Ralligstöcke
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Opis: [koljka ima obliko dateljev, v pre~-
nem preseku obeh lupin je ovalna, kar je
zna~ilno za litofage. Lupini sta svetlo do
temnorjavi, dolgi in nizki z neizrazitim vr-
hom ob dorzalnem delu lupin in blizu ante-
riornega roba. Anteriorni del {koljke je kra-
tek, nizek in zaokro‘en, posteriorni pa dolg,
{irok, vi{ji in razmeroma ozek. Ob ravnem
anteriorno-dorzalnem robu je sklepna povr-
{ina, ventralni rob je rahlo izbo~en. Na po-
vr{ini lupin so blizu vrha zelo tanke ovalne
prirastnice, proti ventralnemu in posterior-
nemu robu lupin postajajo prirastnice debe-
lej{e in izraziteje{e. Ista povr{ina obeh lupin
v obmo~ju debelej{ih prirastnic je prekrita s
{tevilnimi pre~nimi rebrci, ki potekajo v dor-
zalno-ventralni smeri. Odtisi teh reber se
vidijo celo na povr{ini izvrtanine oziroma
na stenah sedimenta, ki je ostal med nekda-
njim bivalnim prostorom in litofago.

Primerjava: Na{ primerek po velikosti (ta-
bela 1) skoraj povsem ustreza dimenzijam
italijanskega primerka vrste Lithophaga zi-
gnoi, ~eprav {koljkina velikost nima odlo~il-
nega pomena. Oblika na{e litofage se prav
tako zelo dobro ujema z italijansko (O p -
p e n h e i m , 1900-01, Tav. 18, Figs. 7-7a), le
da posteriorni rob na{ega primerka ni ohra-
njen v celoti in ga ne moremo povsem pri-
merjati. B o u s s a c  (1911, 151) opisuje vrsto
Lithophaga ornatissima (Mayer Eymar,
1886) iz zgornjeeocenskih skladov [vice. Na
njegovi 7. tabli , je na sliki 7 prikazan pri-
merek, ki je po velikosti in obliki zelo podo-
ben na{emu, {e bolj pa sta si podobna po
pestri ornamentaciji lupin.

Stratigrafska in geografska raz{irjenost:
O p p e n h e i m  (1900-01) vrsto Lithophaga
zignoi opisuje iz oligocenskih plasti najdi{~a
Brendola. Opisano vrsto L. ornatissima (Ma-
yer-Eymar, 1886) omenja B o u s s a c  (1911,
151) iz priabonijskih plasti najdi{~a Ral-
ligstöcke v [vici. D a i n e l l i  (1915, 451) sa-
mo omenja opisano litofago iz priabonijskih
plasti Veneta. C o l e t t i  et al. (1973, 7, Tab.
2) jo uvr{~ajo med nove oblike v skladih
Castelgomberta in prikazujejo njeno strati-
grafsko raz{irjenost od zgornjega eocena do
spodnjega oligocena. V okviru paleoekologi-
je pa omenjajo (C o l e t t i  et al., 1973, 14), da
so litofage ‘ivele v coni bibavice in v globi-
nah od 1 do 28 m, so morske ‘ivali, prebiva-
jo pa lahko v subtropskih, zmernih in hla-
dnih klimatskih pasovih. B a g l i o n i
M a v r o s  (1990, 251) opisano vrsto omenja

iz rupelijskih skladov Veneta, najdena je bi-
la v najdi{~ih S. Trinita in Castelgomberto v
Italiji.

Zaklju~ki

Polj{i{ki primerek vrste Lithophaga or-
natissima (Mayer Eymar, 1886) je najden v
kosu oligocenskega koralita (tab. 2, sl. 1-3)
in ima obe lupini skoraj v celoti ohranjeni.
Primerek litofage iz potoka Plaznica je na
ozemlju Slovenije edinstven. Tudi na{a lito-
faga ima na povr{inah lupin zelo fino in zelo
pestro okrasje (tab. 1, sl. 1a-1d) kar ustreza
vrstnemu poimenovanju predstavljene pa-
leogenske {koljke. Odtisi njenega okrasja ali
njene filigranske ornamentacije se vidijo ce-
lo na povr{inah kasnej{e zapolnitve v izvr-
tanini oziroma so odtisi ohranjeni na okol-
nem sedimentu, ki je zapolnil prostor med
nekdanjim bivalnim prostorom {koljke in
njenima lupinama (tab. 2, sl. 1).

Mo‘no je, da je O p p e n h e i m  (1900-01)
‘e dolo~eno litofago vrste Lithophaga orna-
tissima spregledal, ko je dolo~eval novo vr-
sto L. zignoi iz italijanskega najdi{~a Bren-
dola. Njegov opis nove vrste tudi ni
prepri~ljiv in italijanske litofage sploh ne
primerja z vrsto L. ornatissima. Ker ji C o -
l e t t i  et al. (1973) pripisujejo stratigrafski
razpon od zgornjega eocena do spodnjega
oligocena smo prepri~ani, da gre za isto vr-
sto L. ornatissima, ki je bila ‘e dolo~ena leta
1886 ter najdena v priabonijskih skladih {vi-
carskega najdi{~a Ralligstöcke.

Oligocene marine Date Mussel
from Plaznica brook near

Polj{ica, West Slovenia

Conclusions

The  individual of species Lithophaga or-
natissima (Mayer Eymar, 1886) from Polj{i-
ca was found in a piece of Oligocene coralli-
te (pl. 2, fig. 1-3). Its two valves are almost
entirely preserved. The specimen of lithop-
haga from the Plaznica creek is unique in
the Slovenian territory. The valve surfaces
of our lithophaga are very finely and imagi-
nativelly ornamented (pl. 1, fig. 1a-1d), ap-
propriate to the species denomination of this
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Paleogene bivalve. Impressions of the fili-
gree ornamentation are visible even on sur-
faces of the later filling, and are preserved
on the surrounding sediment that filled up
the space between the original living area of
the bivalve and its valves (pl. 2, fig. 1).

It is possible that Oppenheim (1900-01)
overlooked the already recognized lithopha-
gous bivalve of species Lithophaga ornatis-
sima when he determined the new species L.
zignoi from the Italian locality of Brendola.
In addition, his description of the new spe-
cies is not convincing, and he did not com-
pare the Italian lithophagas with the species
L. ornatissima. Since Coletti et al. (1973)
attribute to it the stratigraphic range from
Upper Eocene to Lower Oligocene, we are
convinced that the same species L. ornatis-
sima is concerned as it was determined al-
ready in 1886, found in Priabonian beds of
the Swiss locality Ralligstöcke.
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Manganovi gomolji v jurskem apnencu Ju‘nih Alp Slovenije

Manganese nodules in Jurassic limestone of the Southern Alps in Slovenia
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Kratka vsebina

Posebnost jurskih plasti v Julijskih Alpah so rde~i pelagi~ni apnenci, ki vsebujejo
manganove gomolje. Zasledimo jih na ve~ lokacijah okrog Bovca in Krna ter na ve~ krajih
v Trenti, koncentrirani pa so na nekajmetrski horizont zgornjeliasne starosti. Gomolji so
diskaste oblike in merijo do 12 cm v premeru. V njihovi mineralni sestavi nastopajo
piroluzit, psilomelan, manganit, todorokit in hausmannit. Dele‘ Mn v gomoljih je nizek,
med 0,8 in 3,5 %, dele‘ Fe pa do 1,7 %. V nekaterih gomoljih Fe nad Mn prevladuje.

Na Mangartu in na Begunj{~ici nastopa manganovo orudenje v tanj{i plasti znotraj
paketa skrilavega glinovca, radiolarita in krinoidnega apnenca, dele‘ MnO v njej zna{a
do 60 %.

Abstract

One of geological peculiarities in the Julian Alps is red pelagic limestone containing
manganese nodules. They are encountered at several localities in the Bovec, Trenta and
Krn area, occurring in some metres thick horizon of the Upper Liassic age. The nodule
forms are disc-like attaining up to 12 cm in diameter. Mineral composition is characterized
by pyrolusite, psilomelane, manganite and hausmannite. The shear of Mn in the nodules
is low ranging from 0,8 % to 3,5 %. The Fe amount attains up to 1,7 %, in some samples,
however, Fe exceeds Mn.

At Mangart and at Begunj{~ica, Mn ore beds occur in a thinner horizon in a sequence of
slate, radiolarite and crinoidal limestone. Herein, the amount of MnO reaches up to 60 %.

GEOLOGIJA 49/1, 69–84, Ljubljana 2006

Uvod

Ena od stratigrafskih in sedimentolo{kih
posebnosti v slovenskem delu Ju‘nih Alp so
rde~kasti apnenci jurske starosti, v katerih
se javljajo manganovi gomolji. Te plasti
dobimo na ve~ lokalnostih v Julijskih Alpah,
v Dolini triglavskih jezer (S a l o p e k , 1933;
G r i m { i ~ a r , 1962; B u s e r , 1986; [ m u c ,
2005), na ju‘nem pobo~ju Bav{kega Gam-
sovca (R a m o v { , 1985), na Krnu (B a b i } ,
1980/81), v grapi Slatenik pri ^ezso~i in na

ju‘nem pobo~ju Rombona pri Bovcu (W i n -
k l e r , 1920; B u s e r , 1986), v dolini Koritnice
(K u { ~ e r  et al., 1974), na Vasi na skali (J u r -
k o v { e k  et al., 1990), na Mangartu (S e l l i ,
1963; J u r k o v { e k , 1987; [ m u c , 2005) in
na Begunj{~ici v Karavankah (T e l l e r , 1899;
B u s e r , 1980) pa so razvite tudi kot
plastovito in ‘ilno manganovo orudenje (sl.
1).

V {ir{em alpskem prostoru so plasti z
manganovimi gomolji poznane kot »ammo-
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nitico rosso« ali kot »Knollen-Kalke«
(J e n k y n s , 1974; B e r n o u l l i  & J e n k y n s ,
1974). V jurskem obdobju so te plasti dokaj
raz{irjene v mediteranskem prostoru Tetide
(sl. 2) in jih sledimo od Sicilije do Severnih
Apneni{kih Alp, Dolomitov in Mad‘arske
(J e n k y n s , 1970; 1971; 1978; W e n d t , 1970;
J ü r g e n , 1969; G e r m a n n , 1971; M i n d -
s z e n t y  et al., 1986, C r o n a n  et al., 1991,
V ö r ö s , 1991; K r a i n e r  et al., 1994; H a a s ,
2001). Posebno znani in dobro raziskani so
spodnjejurski rde~i hemipelagi~ni apnenci z
manganovimi gomolji iz Adneta pri Salz-
burgu, ki jih {e danes masovno uporabljajo
kot cenjen arhitektonski kamen (J e n k y n s ,
1974; B ö h m , 1992; B ö h m  et al., 1999). Prvi,
ki je primerjal liasne manganove gomolje iz
Gosaua v Severnih Alpah z recentnimi iz
globokih morij, je bil H e i m  (1924).

Pri na{ih raziskavah smo pozornost
posvetili predvsem plastem z manganovimi
gomolji iz Doline triglavskih jezer, Lu‘nice
pri Krnu, grape Slatenik ter iz okolice Bovca
(sl. 1). Omenjene plasti smo raziskovali v
okviru izdelave Osnovne geolo{ke karte v
merilu 1:100.000, listov Tolmin-Udine (B u -
s e r , 1986) in Beljak (J u r k o v { e k , 1987) v
letih 1979-1982.

Namen pri~ujo~e raziskave je bil, da
ugotovimo in podamo stratigrafski polo‘aj,
osnovne petrografske in mineralo{ke zna-
~ilnosti Mn-gomoljev ter facies kamnin, v
katerih se ti pojavljajo, delno pa tudi njihovo
kemi~no sestavo. Za primerjavo navajamo v
kratkem tudi nekaj podatkov o sestavi in okolju
nastanka recentnih manganovih gomoljev.

Nahajali{~a plasti z manganovimi gomolji
in manganovim orudenjem ter njihova

stratigrafska lega

Koncem srednjega liasa je do takrat sta-
bilna in enotna Julijska karbonatna plat-
forma razpadla (B u s e r , 1987). Na tej se je v
noriju in retiju odlagal dachsteinski apnenec,
v spodnjem liasu pa plitvovodni biomikritni,
biosparitni in oosparitni apnenec. Na
dvignjenih in okopnelih karbonatnih blokih
je pri~elo intenzivno zakrasevanje. Ob tem je
bil na ve~jem delu spodnjeliasni apnenec
izlu‘en oziroma korodiran. Ohranjen je le {e
v okolici Bovca, Krna, na Mangartu ter na
Bav{kem Gamsovcu, drugod pa zgornjeliasni
apnenec z manganovimi gomolji nalega
neposredno na dachsteinski apnenec.

Sl. 1. Lokacije jurskih plasti z manganovimi gomolji ali manganovim orudenjem v slovenskem delu
Julijskih Alp in Karavank.

Fig. 1. Position of Jurassic beds with manganese nodules or manganese mineralization in Julian Alps
and Karavanke Mts. in Slovenia.
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Na pogreznjenih karbonatnih blokih je
pri{lo do kondenzirane sedimentacije rde~-
kastih biomikritnih apnencev. Poglobitev
karbonatne platforme je bil globalni dogo-
dek, ki je verjetno nastopil povsod isto~asno.
Na Begunj{~ici najdemo amonite, ki ta do-
godek uvr{~ajo v zgornji lias oziroma v
toarcij.

V nadaljevanju na kratko opisujemo po-
samezna nahajali{~a manganovih gomoljev:

Dolina triglavskih jezer. Tod le‘ijo zgor-
njeliasni toarcijski rde~i apnenci na dach-
steinskem apnencu v loferskem razvoju.
Sti~na ploskev je le rahlo valovita, vendar je
med obema apnencema konkordanca. Jurske
plasti za~enjajo z rde~im, ve~inoma krino-
idnim apnencem, vmes pa so mikritni
apnenci s kamnotvornimi {koljkami oziroma
filamenti. Okoli 40 cm nad stikom so v
krinoidnem apnencu manganovi gomolji s
koncentri~no teksturo. Lepo vidni so na pla-
ninski poti severno od ko~e pri Triglavskih

jezerih. Debelina horizonta z Mn-gomolji je
do 3 metre. Navzgor sledi gomoljast apnenec
tipa »ammonitico rosso« s {tevilnimi {e ne-
dolo~enimi amoniti. Nad tem apnencem le‘i
doggersko-spodnjemalmski radiolarijski ho-
rizont, nad tem pa paket tithonijsko-ber-
riasijskega apnenca s kalpionelami (plasti
»biancone«).

Jezero v Lu‘nici. Pri jezeru v Lu‘nici,
jugovzhodno od Krna, so v spodnjeliasnem
oolitnem apnencu do 10 metrov globoke in
do 30 cm {iroke razpoke, ki jih zapolnjujejo
v obliki sedimentnih dajkov krinoidni ap-
nenci in pisane apnen~eve bre~e. Med njimi
je tanka plast mikritnega apnenca z do 10
cm velikimi okroglimi manganovimi gomolji
in nepravilnimi manganovimi skorjami. Na-
vzgor sledi 4 m ro‘natega apnenca s {tevil-
nimi filamenti, ki vsebuje poredke manga-
nove gomolje. Vi{je je {e 2 m ro‘natega
gomoljastega apnenca tipa »ammonitico
rosso« z amoniti.

Sl. 2. Polo‘aj jurskih apnencev z manganovimi gomolji v mediteranskem delu Tetide (povzeto po
J e n k y n s u  1970, dopolnjeno z lokacijo Julijskih Alp).

Fig. 2. Jurassic beds with manganese nodules in the Mediterranean part of Tethys (after
J e n k y n s  1970, studied area added).
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Ravni Laz. Na Ravnem Lazu, severo-
vzhodno od Bovca, je nad spodnjeliasnim
belim biosparitnim apnencem okoli 2 m rde-
~ega krinoidno-mikritnega apnenca s {tevil-
nimi filamenti ter z manganovo mineraliza-
cijo. Vi{je sledi mikritno-krinoidni apnenec
z do 5 cm velikimi manganovimi gomolji.

Koritnica. V dolini Koritnice pod Klu-
‘ami, vzhodno od Bovca, opazujemo v skalah

ob vodi nad spodnjeliasnimi oolitnimi ap-
nenci toarcijski mikritni apnenec s filamenti.
V njem so redki, okrog 5 cm veliki gomolji
sivkasto rjave barve (sl. 3). Edini kemi~no
raziskani gomolj vsebuje 2,1 % Fe in le 0,3
% Mn, zato lahko v tem specifi~nem primeru
govorimo o feromanganovih gomoljih. Za-
radi sivkaste barve so bili ti gomolji opisani
kot limonitni (O g o r e l e c , 1970; K u { ~ e r
et al., 1974). V tem apnencu je bila dolo~ena
pelagi~na foraminifera Globigerina helveto-
jurassica Haeusler.

Slatenik. V grapi Slatenik pri ^ezso~i je
na severnem pobo~ju Polovnika razvit le ne-
kaj decimetrovdo 2 m debel horizont ro‘na-
tega apnenca z izredno lepimi manganovimi
gomolji, velikimi do 12 cm, ki se mestoma
celo dotikajo drug drugega (sl. 4). Ta apnenec
le‘i s stratigrafskim hiatusom konkordantno
na svetlem spodnjeliasnem oolitnem apnen-
cu. Lateralno ga pokrivajo rde~i zgornje-
kredni lapornati apnenci z globotrunkanami
(»scaglia«) ali fli{ne plasti.

Bav{ki Gamsovec. Na ju‘nem pobo~ju Bav-
{kega Gamsovca, severno od prelaza Luknja,
dobimo ob planinski poti na nekaj m2 veliki
skali rde~kastega toarcijskega apnenca do 5
cm velike ~rnorjave manganove gomolje.
Apnenec z gomolji le‘i na spodnjeliasnem
gastropodnem svetlo sivem apnencu, ki ga
sledimo navzgor do vrha Bav{kega Gamsovca.

Mangart. Feromanganovi gomolji na
Mangartu so bili raziskani v 30 cm debeli
plasti manganove rude, ki se javlja znotraj
15 metrov debelega karbonatno-klasti~nega
zaporedja na Mangartskem sedlu (sl. 5),
(J u r k o v { e k  et al., 1990; [ m u c , 2005). Ta

Sl. 3. Presek Fe-Mn gomolja s conarno rastjo.
Ozna~eni del gomolja je pove~an na tabli 2, sl.

3. Koritnica pri Bovcu.

Fig. 3. Ferromanganese nodule in cross section.
Marked part of the nodule is enlarged on tab.

2, fig 3. Koritnica at Bovec.

Sl. 4. Manganovi gomolji v
rde~em biomikritnem apnencu.

Grapa Slatenik pri ^ezso~i.

Fig. 4. Manganese nodules in red
biomicritic limestone. Slatenik

gorge at ^ezso~a.
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paket se javlja neposredno nad plitvovodnim
biomikritnim in oolitnim liasnim apnencem.
Med krinoidnim apnencem in lapornatim
apnencem z radiolariji se javljajo manganski
skrilavec, radiolarit in glinovec. Te plasti so
zaradi manganovih oksidov obarvane ~rno.
Okside sestavljajo piroluzit, kriptomelan in
todorokit. Dele‘ MnO v raziskanem vzorcu
je 45 %, dele‘ FeO pa 8 %, ostalo pripada
kremenu (ca 15 %) in mineralom glin.
Gomolji na Mangartu merijo v premeru 2-3
cm in so mo~no silicizirani.

Begunj{~ica. Toarcijske jurske plasti na
ju‘nem pobo~ju Begunj{~ice v globjemor-
skem razvoju le‘ijo v stratigrafskem hiatusu
na zgornjetriasnem koralno-stromatoporid-
nem apnencu. Hiatus nakazujejo neptunski
dajki, ki jih dobimo v zgornjetriasnem ap-
nencu. Zapolnjujejo jih pisana jurska bre~a
ali krinoidni apnenci. Jurske plasti sestav-
ljajo rde~i do sivkasti gomoljasti apnenci ti-
pa »ammonitico rosso«. Nad njimi sledijo
sivi plo{~asti apnenci z ro‘enci. V spodnjem
delu rde~ih apnencev je plast skrilavega gli-
novca orodena z manganovo rudo, ki so jo
neko~ kopali in iz nje na Jesenicah izdelovali
manganovo jeklo. Ruda je vsebovala 30 do
36 % in celo do 60 % mangana (T e l l e r ,
1899). Na poredkih mestih najdemo v ap-
nencu tudi okrogle manganove gomolje. V
apnencu pod in nad orudenitvijo so najdeni
zna~ilni toarcijski amoniti. Med pomembni-
mi so Hildoceras heterophyllum, H. bifrons,
H. commense, H. cf. opalinoide in Phylloce-
ras nilssoni (T e l l e r , 1899; M i h a j l o v i }  &
R a m o v { , 1965). Amoniti ka‘ejo, da je
emerzija in nastopanje gomoljastih apnencev

z manganovimi gomolji za~ela v zgornjem
liasu oziroma toarciju. Omenjenemu apnen-
cu navzgor sledi doggersko-spodnjemalmski
radiolarit in apnenec z gomolji ro‘enca.

Litologija in mikrofacies

Talnino zgornjeliasnega rde~kastega
apnenca z manganovimi gomolji v Julijskih
Alpah in Ju‘nih Karavankah sestavlja ve~
sto metrov debela skladovnica norijsko-
retijskega apnenca v dachsteinskem razvoju
ali spodnjeliasni apnenec. Dachsteinski ap-
nenec se je odlagal na plitvem odprtem {elfu
z ob~asnimi litoralnimi pogoji in ka‘e vse
znake loferskega razvoja (B u s e r , 1986,
1987; O g o r e l e c  & B u s e r , 1996). Apnenec
v neposredni talnini rde~kastih plasti z
gomolji je po strukturi intrapelmikrit s
{tevilnimi drobnimi izsu{itvenimi porami in
kopu~ami neskeletnih alg ter oosparit.

Plasti z manganovimi gomolji imajo
zna~ilno rde~kasto barvo, ki se menja od
svetle oran‘no do temno rjavorde~e. Po
strukturi uvr{~amo ta apnenec v biomikrit
tipa wackestone-packstone. Osnovo kam-
nine sestavlja gost mikrit, od alokemov so
prisotni le fosili, izjemoma tudi drobni intra-
klasti. Najbolj pogostne so plo{~ice ehi-
nodermov, manj je tankih {kolj~nih lupin
oziroma filamentov, mikrogastropodov in
foraminifer, mestoma pa so {e juvenilni
amoniti in kalcitizirani radiolariji (tab. 1, sl.
1, 4-6, tab. 2, sl. 1,2). Krinoidne plo{~ice so
ponekod tako pogostne, da apnenec lahko
poimenujemo kar »krinoidni« (tab. 1, sl. 4,5).

Sl. 5. Drobni silicizirani
manganovi gomolji v orudeni
plasti na Mangartskem sedlu.

Fig. 5. Small manganese nodules,
influenced by silicization in the

Mn-ore bed at Mangartsko sedlo.
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Energijski indeks apnenca je nizek do zelo
nizek in po njem lahko sklepamo na se-
dimentacijo v relativno mirnem okolju, kjer
je pri{lo do spiranja karbonatnega blata.
Stopnja sedimentacije je bila zelo nizka, kar
je omogo~ilo kopi~enje organskih skeletov.

Rde~kasta barva apnenca je pogojena s
primesjo ‘elezovih in manganovih oksidov,
predvsem goethita. Ti oksidi se javljajo skupaj
z minerali glin kot pigment v osnovi, bolj
koncentrirani pa so v {tevilnih stilolitnih
{ivih. Dele‘ karbonata v raziskanih vzorcih
apnenca se giblje med 86 in 97 %. V nekaterih
vzorcih opa‘amo nadome{~anje kalcita z
avtigenim kremenom, predvsem v plo{~icah
ehinodermov in {kolj~nih lupinicah.

Raziskani manganovi gomolji

Manganovi gomolji v raziskanih plasteh
so koncentri~ne diskaste oblike ter merijo v
premeru od nekaj mm do najve~ 12 cm, ve~ji
del pa med 2 in 5 cm. Makroskopsko se od
prikamnine odli~no lo~ijo po temnej{i
rjavkasti barvi in po tem, da reliefno izstopajo
na izlu‘enih povr{inah (sl. 4 in naslovnica
revije).

Pod mikroskopom opazujemo, da imajo
gomolji {tevilne, 30 do 100 μm debele kon-
centri~ne ovoje z nagubano, stromatolitom
podobno teksturo (tab. 2, sl. 3-5), kakr{na je
zna~ilna tudi za recentne manganove gomolje
(»cauliflower structure«, T h i e l  & S c h n e i -
d e r  1988) (tab. 2, sl. 6). Rentgenske analize
ka‘ejo, da gomolje sestavljajo nizko magne-

zijev kalcit in goethit, manganovi minerali pa
so psilomelan - Mn5O10(Ba, H2O)2, manganit -
MnO(OH) in hausmannit - Mn2+Mn3+

2O4. V
sledovih so prisotni {e minerali glin in kremen.

Vsebnost mangana v 12 preiskanih
gomoljih je relativno nizka in niha med 0,8
in 3,5 % Mn ter 0,03 do 1,7 % Fe. Apnenec iz
prikamnine vsebuje 0,04 do 0,07 % Mn, 0,01
do 0,08 % Fe in okrog 380 ppm Sr (analize
B. Ogorelec na In{titutu za sedimentologijo
Univerze v Heidelbergu , metoda atomske
absorpcije). Zaradi dokaj{nega dele‘a ‘eleza
v nekaterih gomoljih glede na mangan, je
zato pravilno, da govorimo v teh primerih o
feromanganovih in ne samo o manganovih
gomoljih. Izraz »feromanganovi« se upo-
rablja tudi za recentne Fe-Mn gomolje
(H a l b a c h  et al., 1988).

V primerjavo navajamo, da vsebujejo go-
molji iz jurskega apnenca v Severnih Alpah
med 0,05 in 24 % Mn ter 0,1 do 17 % Fe
(W e n d t , 1970; B ö h m , 1992), gomolji iz
enakih plasti na Siciliji pa do 40 % Mn in do
50 % Fe (J e n k y n s , 1978).

Nekateri gomolji in mikrogomolji iz
raziskanih plasti so brez opaznega jedra. Pri
teh opazujemo koncentri~no rast skorij od
same sredine gomolja navzven. Pri drugih
pa manganove skorje obra{~ajo drobce mi-
kritnega in biomikritnega apnenca ali
skelete fosilov (tab. 1, sl. 2, 3). Zgrban~eno
teksturo skorij so avtorji prvotno tolma~ili z
dehidratacijo goethita in njegovim preho-
dom v hematit v ~asu diagenetskih procesov,
kar povzro~a redukcijo volumna gomoljev
(J ü r g e n , 1969; M a n g i n i , 1988). Novej{e

Tabla 1 - Table 1

1 Manj{i manganov gomolj v biomikritnem apnencu. Smaller manganese nodule in biomicritic
limestone {t./Coll. No.: GeoZS 63432.

2 Manganove skorje obra{~ajo plo{~ico ehinoderma. Manganese encrustation of echinoid plate. Ravni
Laz pri Bovcu. Merilo/scale bar 1 mm, zbrusek {t./Coll. No.: GeoZS 57782.

3 Manganovi mikrogomolji v biomikritnem apnencu. Mn-micronodules in biomicritic packstone.
Ravni Laz pri Bovcu. Merilo/scale bar 1 mm, zbrusek {t./Coll. No.: GeoZS 57782.

4 Krinoidni apnenec. Plo{~ice ehinodermov so obdane z manganovimi ovoji. Crinoidal packstone.
Echinoid plates with Mn incrustations. Dolina triglavskih jezer. Merilo/scale bar 2 mm, zbrusek
{t./Coll. No.: GeoZS 42537.

5 Biomikritni apnenec s {tevilnimi plo{~icami ehinodermov, drobci {kolj~nih lupin, foraminifer in
juvenilnih amonitov. Biomicritic packstone with echinoid plates, shell debris, foraminifers and
juvenile ammonites. Dolina triglavskih jezer. Merilo/scale bar 2 mm, zbrusek {t./Coll. No.: GeoZS
42540.

6 Manganovi mikrogomolji v biomikritnem apnencu. Mn-micronodules in biomicritic wackestone.
Jezero v Lu‘nici. Merilo/scale bar 1 mm, zbrusek {t./Coll. No.: GeoZS 42543.
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raziskave pa govore, da je zgubana struktura
‘e primarna. To pripisujejo raziskovalci
aktivnosti bakterij in drugih kemolitotrofnih
organizmov v procesu nastajanja gomoljev
(M o n t y , 1973; W e n d t , 1974; T h i e l  &
S c h n e i d e r , 1988). Monty imenuje zato te
gomolje kar »oceanski manganovi stroma-
toliti«.

Recentni manganovi gomolji

Pojav manganovih oziroma feromanganovih
gomoljev so prvi~ zasledili ob priliki raz-
iskovalnega kri‘arjenja z ladjo H.M.S. Chal-
lenger v letih 1872-76, ki je obplula vse
oceane razen Arktike, in sicer v Tihem
oceanu. Kasneje, ob raziskavah morskega

Sl. 6. Paleogeografske razmere v zahodni Sloveniji v ~asu zgornjega triasa in spodnje jure z
nakazanim polo‘ajem nastanka manganovih gomoljev (a) in manganove rude (b).

Fig. 6. Paleogeographic situation in the western part of Slovenia in the time-span of Upper Triassic
to Lower Jurassic. Superimposed origin of Mn-nodules (a) and Mn ore-mineralisation (b) is

indicated.

Tabla 2 – Table 2

1 Biomikritni apnenec z juvenilnimi amoniti in ehinodermi. Biomicritic packstone with juvenile
ammonites and echinoids. Dolina triglavskih jezer. Merilo/scale bar 2 mm, zbrusek {t./Coll. No.:
GeoZS 42542.

2 Biomikritni packstone z manganovimi mikrogomolji. Biomicritic packstone with Mn-micronodules.
Dolina triglavskih jezer. Merilo/scale bar 1 mm, zbrusek {t./Coll. No.: GeoZS 42536.

3 Del Fe-Mn gomolja z drobno »stromatolitno« laminacijo. ^rno so polja limonitiziranega pirita.
Detajl s slike 3. Part of ferromanganese nodule with »stromatolithic« structure. Black spots belong
to liminitised pyrite. Detail from fig. 3. Koritnica pri Bovcu. Merilo/scale bar 2 mm, zbrusek {t./
Coll. No.: GeoZS 51332.

4-5 Detajl Fe-Mn gomolja s conarno »stromatolitno« teksturo. Jedro gomolja je mikritni/belongs to
micritic limestone. Jezero v Lu‘nici. Merilo/scale bar 1 mm, zbrusek {t./Coll. No.: GeoZS 42531.

6 Tangencialni presek gomolja s slik 4 in 5 z »ohrovtovo« teksturo. Tangential cut of the nodule from
figs. 4 and 5, »cauliflower structure«. Merilo/scale bar 2 mm, zbrusek {t./Coll. No.: GeoZS 42533.
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dna z ladjo Valdivia v letih 1898-99, so jih
na{li tudi v Atlantskem oceanu (H a l b a c h
et al., 1988).

Dolga desetletja so ti gomolji veljali bolj
kot mineralo{ka posebnost, dokler ni leta
1965 Mero zbral {tevilne, do tedaj znane po-
datke o regionalni razprostranjenosti recent-
nih ‘elezovomanganovih gomoljev v oceanih.
Zaradi vsebnosti nekaterih kovin, kot Cu,
Ni in Co so ti gomolji v nekaterih predelih
oceanov postali zanimivi kot potencialni vir
na{tetih metalov v bodo~nosti. Zaradi man-
gana samega gomolji seveda niso zanimivi,
saj so svetovne zaloge tega na kopnem tako
velike (Nova Kaledonija, Kuba, Kanada,
Rusija), da morsko »rudarjenje« s stali{~a
mangana sploh ni perspektivno.

V zadnjih desetletjih so bila izvedena {te-
vilna sistemati~na raziskovalna kri‘arjenja
ter {tudije nastanka ‘elezovomanganovih go-
moljev, ki naj bi posredovala pomembne po-
datke, predvsem o koli~ini gomoljev na
oceanskem dnu ter o njihovi kemi~ni in mi-
neralo{ki sestavi (B o n a t t i  & N a y u d u ,
1965; A h r e n s  et al., 1967; C r o n a n  & T o -
o m s , 1969; B o n a t t i  et al., 1971; S o r e m  &
F e w k e s , 1979; B e n d e r , 1972; S t o f f e r s
et al., 1984; I n g r i , 1985; M ü l l e r  et al.,
1988; H a l b a c h  et al., 1988; B o l t o n  et al.,
1988). Dodelane so bile tudi raznovrstne teh-
nologije, kako ~imbolj enostavno in najceneje
spraviti manganove gomolje z morskega dna
na ladje (»deep ocean mining«), od sistemov
»grabljenja« do »podvodnega sesanja«, ven-
dar pa so vsi ti projekti trenutno zamrli in
zaradi visoke cene zbiranja gomoljev ~akajo
na ugodnej{e ekonomske razmere v svetu.

Polimetalni ‘elezovomanganovi gomolji
se na dnu oceanov pojavljajo ve~ji del v glo-
binah med 4 in 6 km, pod tako imenovano
CCD mejo (carbonate compensation depth),
predvsem v ekvatorialnem pasu in v sever-
nem delu Tihega oceana, ju‘no od Havajev,
v manj{em obsegu pa tudi v Atlantskem in
Indijskem oceanu. Ve~ji del se gomolji
javljajo kot samostojne, nekaj do 15 cm
velike tvorbe, ve~krat pa tudi kot mikro-
gomolji mm dimenzij (H a l b a c h  & P u t e a -
n u s , 1988). [tevilna obmo~ja v oceanih vse-
bujejo tudi do 10 kg gomoljev na m2 oziroma
103ton/km2 (B e r n h a r d  & B l i s s e n b a c h ,
1988). Redkeje se mangan pojavlja tudi v
tankih skorjah na morskem dnu, to je
predvsem tam kjer je sedimentacija odsotna
(podvodni platoji).

Kemi~no razmerje ekonomsko zanimivih
prvin v popre~nih gomoljih je slede~e -
Mn:Ni:Cu:Co je 125:7:6:1, pri ~emer niha
dele‘ Mn med 25 in 45 %, Fe med 5-8 %,
Ni+Cu 1-2 % ter Co do 0,3 %. Razmerje Mn/
Fe je v povpre~ju 3-5 (H a l b a c h  & P u -
t e a n u s , 1988; F r i e d r i c h  et al., 1988).

Recentni ‘elezovomanganovi gomolji na-
stajajo na morskem dnu kot produkt diage-
netskih in hidrogenetskih procesov. Zaradi
menjavanja kristalnega in amorfnega ma-
teriala imajo gomolji zapleteno sestavo in
ka‘ejo skorjasto kolumnarno, stromatolitom
podobno teksturo (»struktura ohrovta«,
T h i e l  & S c h n e i d e r , 1988). Gomolje se-
stavljajo avtigen, terigen, vulkanski in bio-
gen material. Pri samem nastajanju oziroma
rasti gomoljev igrajo pomembno vlogo Mn/
Fe razmerje v pornih raztopinah (morju) ter
dele‘ organske snovi. Slednja vpliva na dele‘
bakterij v sedimentu, ki sodelujejo pri iz-
lo~anju manganovih mineralov, 4 do10 Å
manganatov in todorokita (B u s e r  & G r ü t -
t e r , 1957; G i o v a n o l i  & A r r h e n i u s ,
1988). Ve~ji del imajo manganovi gomolji
diskasto ali »krompirjasto obliko« in so zelo
porozni. Poroznost lahko dose‘e tudi do
80 % gomolja.

Sama rast gomoljev ponavadi pri~enja z ob-
ra{~anjem nekega nukleusa. To je lahko
mikrozrno kremena, vulkansko steklo ali de-
triti~no zrno. Ve~krat manganove skorje ob-
ra{~ajo tudi drobce ali cele fosile, predvsem
plo{~ice ehinodermov, {kolj~ne lupine, amonite
in foraminifere ali pa tudi ve~je kose ‘e li-
tificiranega apnenca iz okolja, kjer prihaja do
manganove mineralizacije (obmo~ja »hard-
grounda«).

Sediment, na povr{ini katerega »rastejo«
gomolji, je radiolarijska glina ali karbonatno
blato. Rast gomoljev je zelo po~asna. Raz-
iskovalci jo ocenjujejo na 1-4 mm/milijon let
v glinasti osnovi in na 3.6 mm/106y v
karbonatnem blatu (M ü l l e r  & M a n g i n i ,
1980; M a n g i n i , 1988), izjemoma v neka-
terih ekvatorialnih predelih pa tudi do 25
mm/milijon let. Ko mati~ni sediment izgubi
polteko~o konsistenco, tako da je pretok por-
nih raztopin mo~no zmanj{an in upo~asnjen,
gomolji prenehajo rasti. Ko so prekriti z
nekaj do 20 cm novega sedimenta, oziroma
ko preide gomolj iz oksidacijskega v reduk-
cijsko okolje, se pri~no raztapljati in Mn se
seli nazaj proti povr{ini sedimenta, medtem,
ko ‘elezo in ostali metali ostanejo v sedi-
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mentu. Tako pride do cikli~nega kro‘enja
Mn- ionov, izlo~anja manganovih mineralov
na povr{ini sedimenta in do njihovega raz-
tapljanja pod povr{jem (L y n n  & B o n a t t i ,
1965; M a n g i n i , 1988).

Diskusija in zaklju~ki

^e strnemo ugotovitve terenskih in la-
boratorijskih raziskav ‘elezovomanganovih
gomoljev in manganovih plasti iz sloven-
skega dela Julijskih Alp in Karavank, ugo-
tavljamo, da so zgornjeliasni apnenci pele-
gi~nega razvoja, v katerih se ti pojavljajo, na
ve~ lokalnostih.

Gomolji se javljajo v razli~nih oblikah,
najve~krat kot veliki, nekaj do 12 cm veliki
primerki diskaste oblike, mestoma pa tudi kot
manj kot 2 mm veliki mikrogomolji ter in-
krustacije fosilnih drobcev, predvsem plo{~ic
ehinodermov. V njihovi mineralni sestavi na-
stopajo piroluzit, psilomelan, manganit, to-
dorokit in hausmannit. Dele‘ Mn v raziskanih
vzorcih niha med 0,8 in 3,5 %, dele‘ Fe pa
dose‘e do 1,7 % Fe. V nekaterih gomoljih
‘elezo nad manganom tudi prevladuje.

Spodnjejurski apnenci, v katerih se jav-
ljajo ‘elezovomanganovi gomolji, ka‘ejo
sli~en mikrofacies kot enaki apnenci z Mn-
mineralizacijo v Severnih Alpah.

Na Mangartu in na Begunj{~ici nastopa
manganovo orudenje v tanj{i plasti znotraj
paketa skrilavih glinovcev in lapornatih
apnencev. Dele‘ MnO v rudi zna{a 45 %.

Zanimivo vpra{anje, ki si ga danes
zastavljajo raziskovalci, je okolje nastanka
‘elezovomanganovih gomoljev in zakaj se ti
pojavljajo na prostoru Tetide le v juri? Sicer
so podobni nodularni rde~i pelagi~ni apnenci
znani iz kambrijskega obdobja v [paniji,
devonski nodularni in cefalopodni apnenci
(»griotte«) iz Francije ter srednjetriasni
amonitni in kondenzirani apnenci iz Alp in
Notranjih Dinaridov, vendar so ‘elezovo-
manganovi gomolji razviti le v jurskih
apnencih (B e r n o u i l l i  & J e n k y n s , 1974;
Jenkyns, 1978). Verjetno so bile na prostoru
zahodne Tetide v tem obdobju posebne raz-
mere, v katerih so bili zdru‘eni tako pa-
leogeografski, geokemi~ni in diagenetski
parametri, da so se gomolji ohranili.

Prvotno so menili, da je bilo okolje na-
stanka jurskih apnencev, v katerih se javljajo
manganovi gomolji, globje morje. Novej{e

raziskave (J e n k y n s , 1970, 1974; W e n d t ,
1974) pa zagovarjajo tudi mnogo manj{e
globine morja, tudi le do samo nekaj deset
ali sto metrov. To povezujejo z ugotovitvami,
sa se med plastmi tipa »amonitico rosso«
pojavljajo ob~asno stromatolitne plasti, pa
tudi dejstvo, da le‘e liasni rde~i apnenci obi-
~ajno tik nad svetlimi dachsteinskimi ap-
nenci.

Manganovi gomolji so na prostoru Tetide
redno vezani na stratigrafsko kondenzirane
plasti, katere ka‘ejo znake izlu‘evanja in
»hardgrounda«. Taka obmo~ja z brez ali z
zelo pi~lo sedimentacijo so bili podvodni pla-
toji, ki so bili ob prelomih potopljeni razli~no
globoko, v~asih le nekoliko.

Na sliki 6 je shematsko prikazan paleo-
geografski razvoj Julijske in Dinarske kar-
bonatne platforme z vmesnim Slovenskim
bazenom in predviden polo‘aj nastanka
manganovih gomoljev ter Mn-orudenja.
Medtem, ko naj bi na podvodnih platojih
nastajali manganovi gomolji (a), ki so pred-
met tega ~lanka, pa je v vmesnih globjih
jarkih pri{lo do manganskega plastovitega
orudenja (b), kakr{nega poznamo z Man-
garta in z Begunj{~ice.

Zakaj so gomolji danes sploh ohranjeni?
Znano je, da se recentni ‘elezovomanganovi
gomolji pojavljajo le na oceanskem dnu. Ko
so prekriti s tanj{o plastjo sedimenta, pride
do njihovega raztapljanja in do cikli~ne mi-
gracije manganovih ionov, kateri se ponovno
vgrajujejo v nove gomolje na meji oksidirani
sediment/voda (L y n n  & B o n a t t i , 1965).
Ohranjeni gomolji v apnencu zato z ver-
jetnostjo ka‘ejo, da je pri{lo po njihovem
nastanku do relativno hitrih fizikalno-ke-
mi~nih sprememb v sedimentu, ki so pre-
pre~ile njihovo raztapljanje ‘e v ~asu zgodnje
diageneze.
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Manganese nodules in Jurassic
limestone of the Southern Alps

in Slovenia

Introduction

One of the stratigraphic and sedimento-
logic peculiarities of the Slovenian part of
the Southern Alps are reddish limestones of
Jurassic age in which manganese nodules
occur. These beds outcrop at several locali-
ties (fig. l), largely with Mn-nodules (B u s e r ,
1986; J u r k o v { e k , 1987), and in places with
layered and vein type manganese mineral-
ization, as on Mt. Mangart (J u r k o v { e k  et
al., 1990; [ m u c , 2005) and Begunj{~ica
(T e l l e r , 1989; B u s e r , 1980). In Julian Alps
beds with Mn-nodules were found in the
Valley of Triglav lakes, on southern slopes
of Bavski Gamsovec, at the lake in Lu‘nica,
in the Slatenik brook by ^ezso~a, and in the
surroundings of Bovec on southern slopes of
Mt. Rombon and in the Koritnica valley.

In the alpine region the beds and forma-
tions with manganese mineralizations are
known as “ammonitico rosso” and “Knollen-
Kalke” whiche were during Jurassic of con-
siderable extension in the Mediterranean
region of Tethys, from Sicily to Northern
Limestone Alps and Hungary (J e n k y n s ,
1970, 1971, 1978; W e n d t , 1970; J ü r g e n ,
1969; G e r m a n , 1971; V ö r ö s , 1991; H a a s ,
2001). On figure 2 are shown localities of
outcropping Jurassic beds that contain Mn
nodules in the Mediterranean region (J e n -
k y n s , 1970) with localities in the Slovene
Southern Alps added. Their genesis is ex-
plained as a product of reduced sedimenta-
tion of the “hard ground” type.

In our investigations special attention was
paid to Mn nodules in the Valley of the
Triglav lakes, in Lu‘nica near Mt. Krn, in
the Slatenik brook on the northern slope of
Mt. Polovnik, and in the surroundings of
Bovec (fig. 1).

The aim of this investigation was to es-
tablish, along with the basic petrographical
and minralogical characteristics of Mn-nod-
ules, and the facies of surrounding rocks,
especially their diagenetic characteristics

and geochemistry with respect to the recent
Mn concretions in oceans.

Stratigraphic position of beds containing
manganese nodules

At the end of Middle Lias in the wider
region of Southern Alps the formerly stable
and unique Julian carbonate platform disin-
tegrated (B u s e r , 1987). On this platform
during the Upper Triassic shallow lime-
stones of the Lofer development were de-
posited, and during Lower and Middle Lias-
sic biomicritic, biosparitic and oosparitic
limestones. On carbonate blocks which were
uplifted above the sea level intensive kar-
stification of limestone began. During this
event the large part of the Lower and Middle
Lias limestone was chemically corroded by
solution cavities. Therefore this limestone is
preserved only in the surroundings of Bovec,
Krn and Mangart. Elsewhere the considered
Upper Lias limestone which contains Mn
nodules immediately overlies the Upper Tri-
assic Dachstein limestone.

On the subsided carbonate blocks con-
densed sedimentation of reddish biomicritic
limestones took place. Deepening of the car-
bonate platform was a global event that most
probably occurred everywhere at the same
time. On Mt. Begunj{~ica ammonites were
found that place this event in Upper Lias, in
Toarcian.

In the following important localities of
manganese nodules are briefly desceribed:

The Triglav lakes valley. The red Upper
Lias Toarcian limestones overlie Dachstein
limestone in the Lofer development. Jurassic
beds begin with red, largely crinoidal lime-
stone with intercalated micritic limestone
containing numerous bivalves and filaments.
Approximately 40 cm above contact occur in
crinoidal limestone the manganese nodules
that display concentric structure. They can
be observed along the mountain path north
of the alpine hut at the Triglav lakes. Thick-
ness of the Mn-nodules horizon attains 3
metres. Upward follows nodular limestone of
the »ammonitico rosso« type containing nu-
merous not yet determined ammonites. Above
this limestone lies the Dogger-Lower Malm
radiolarian horizont, and above it a package
of Tithonian-Berriasian limestone with
calpionellas (the »biancone« beds).
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The Lake in Lu‘nica. At the lake in
Lu‘nica southeast of Krn occur in Lower
Lias oolitic limestone up to 10 metres deep
and 30 cm wide fissures that are filled in the
form of sedimentary dikes by crinoidal lime-
stone and variegated limestone breccias.
Within them appears a thin bed of micritic
limestone with manganese nodules and ir-
regular manganese crusts.

Ravni Laz. At Ravni Laz northeast of Bovec
occurs above the white Lower Liassic
biosparitic limestone around 2 m of red
crinoidal-micritic limestone with numerous
filaments and with manganese mineralization.

Koritnica. In the Koritnica valley below
Klu‘e, east of Bovec, in rocks along the wa-
ter above the Lower Liassic oolitic lime-
stones the Toarcian micritic limestone with
filaments can be observed. In it occur rare,
up to 5 cm thick nodules of greyish brown
colour (fig. 3). A single chemically examined
nodule contains 2.1 % Fe and only 0.3 %
Mn, so in this specific case we have matter
with ferromanganese nodules.

Slatenik. In the Slatenik ravine at ̂ ezso~a
in northern slope of Mt. Polovnik occurs a
several decimetres to 2 m thick horizon of
rosy limestone with extremely beautiful
manganese nodules, up to 12 cm across, in
places touching each other (fig. 4). This lime-
stone overlies in stratigraphic hiatus con-
formingly the light Lower Liassic oolitic
limestone. Laterally it is overlain by reddish
Upper Cretacous marly limestones with
globotruncanas (»scaglia«) or by flysch beds.

Mt. Bav{ki Gamsovec. On southern slope
of Bav{ki Gamsovec, north of the Luknja
pass, are found at the mountainous path in a
several m2 sized rock of reddish Toarcian
limestone up to 5 cm large black-brown
manganese nodules.

Mt. Mangart. Ferromanganese nodules on
Mangart were examined in a 30 cm thick
bed of manganese ore that occurs within a
15 metres thick carbonate-clastic succession
on the Mangart pass (fig. 5). This package
appears directly on the shallow-water
biomicritic and oolitic Lias limestone. Be-
tween crinoid limestone and marly limestone
with radiolarians occur manganese shale,
radiolarite and mudstone. These beds are
colored black by manganese oxydes pyro-
lusite, cryptomelane and todorokite. The
MnO grade of the examined sample is 45 %,
of FeO 8 %, the rest accounted by quartz (ca

15 %) and clay minerals. The nodules on Mt.
Mangart measure 2-3 cm across, and they
are intensely silicified.

Mt. Begunj{~ica. Toarcian Jurassic beds
in southern slopes of Begunj{~ica in deep
marine facies occur above stratigraphic hia-
tus on Upper Triassic coral-stromatoporid
limestone. The gap is indicated by neptunian
dikes in the Upper Triassic limestone. The
dikes are filled by variegated Jurassic brec-
cia or crinoidal limestones. Jurassic beds
consist of red to greyish nodular limestone
of the »ammonitico rosso« type. Above these
follow grey platy limestones with chert. In
the lower part of red limestones occurs a bed
of shaly mudstone mineralized with manga-
nese ore. The ore contained even to 60 %
manganese. In rare places in the limestone
also spheric manganese nodules are found.
In limestones below and above the ore char-
acteristic Toarcian ammonites were found.
Ammonites indicate the emersion, and
occurence of nodular limestones with man-
ganese nodules was started in Upper Lias, in
Toarcian.

Lithology and microfacies

Below the Upper Liassic reddish lime-
stone with Mn-nodules a several hundred
meters thick package of Upper Triassic
Dachstein limestone or Lower to Middle Li-
assic limestone. The beds were deposited in
a shallow open shelf with temporary inter-
tidal conditions, and display all characteris-
tics of the Lofer development (B u s e r ,
1986,1987; O g o r e l e c  & B u s e r , 1991). Ac-
cording to its sructure, the limestone from
the immediate base is as intrapelmicrite with
numerous thin dessication pores and ag-
glomerations of non-skeletal algae.

Typical for Jurassic beds of the condensed
facies is the reddish color of rock which var-
ies from light orange red to dark brown red.
According to structure the limestone is at-
tributed to biomicrite of the wackstone-
packstone type. The matrix of the rock con-
sists of dense micrite of allochems only
fossils are present. Most frequent are frag-
ments of echinoderms, less abundant are
pelecypods (thin walled shells), micro-
gastropods and foraminifers, and in traces
juvenile ammonites and calciticized radi-
olarians (tab. 1, figs. 1, 4-6; tab. 2, figs. 1, 2).
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Crinoid plates are locally so abundant
that the limestone can be named “crionoi-
dal«. The energy index of limestone is low to
very low. The degree of deposition was low
which permitted accumulation of the de-
scribed organic skeletons.

The reddish color of limestone is due to
the admixture of iron and manganese ox-
ides. They occur with clay minerals as pig-
ment in the matrix, more concentrated are
in numerous stylolithic sutures. The carbon-
ate content in the investigated limestone
varies between 86 and 97%. In certain
samples substitution of calcite by authigenic
quartz can be observed, mostly calcite from
echinoderm plates and pelecypod valves.

Manganese nodules

Manganese nodules are of concentric
shape, somewhat flattened, measuring sev-
eral mm to 12 cm in diameter, and mostly
between 3 and 5 cm. They can be distiguished
macroscopically from the encasing rock by
their darker brownish color, and by their
positive relief on weathered surfaces (fig. 4).

Under microscope the nodules display
numerous, 10 to 30 μm thick concentric en-
velopes with stromatolithic structure (tab.
2, figs. 3-5) which is typical also for recent
manganese nodules (“cauliflower structure”,
T h i e l  & S c h n e i d e r , 1988). X-ray and
chemical analyses indicate among the com-
ponents in nodules low magnesium calcite
and goethite, and manganese minerals
psilomelane, manganite and hausmannite. In
traces occur clay minerals and quartz.

Manganese content in the 12 examined
nodules is relatively low, and varies between
0,82 and 3,45% Mn and 0,03 to 1,7 % Fe,
whereas the limestone of the enclosing rock
contains between 0,04 and 0,07 % Mn and
0,01 to 0,08 % Fe. In cases, where Fe is
prevailing over manganese, we can use the
terminus ferromanganese nodules.

For comparison, the nodules from differ-
ent studied localities Jurassic limestone in
Northern Alps contain between 0.05 and
24% Mn and 0.1 to 17% Fe (W e n d t , 1970,
1973; B ö h m , 1992) and manganese nodules
from equivalent beds in Sicily up to 40 %
Mn and 50 % Fe (J e n k y n s , 1978).

Certain nodules from investigated beds
have no core. In these, concentric growth

and structure can be observed up to the cen-
ter. In other nodules, however, the manga-
nese crusts overgrow fragments of micritic
and biomicritic limestone up to 1 cm in di-
ameter (tab. 1, figs. 2, 3). Wrinkled structure
of crusts was earlier explained by dehydra-
tion of goethite and its transition to hema-
tite during diagenetic processes, which re-
sulted into a reduction of volume (e.g.
J ü r g e n , 1969; M a n g i n i , 1988). Recent
studies indicate the primary character of the
wrinkled structure. It is attributed by re-
searchers to the activity of bacteria and other
chemolithotrophic organisms during the
process of genesis of nodules (M o n t y , 1973;
Wendt, 1974; T h i e l  & S c h n e i d e r , 1988).
Monty refers these nodules as “oceanic man-
ganese stromatolites”.

Discussion and Conclusions

The manganese nodules from the study
area of the Slovenian part of Julian Alps oc-
cur in Upper Lias biomicritic reddish lime-
stones of pelagic development. They are often
associated with condensed beds overlying
Dachstein limestone. They occur as up to 12
cm large specimens of discoid shape, and in
places also as up to 2 mm large micronodules
and incrustations of fossil fragments, espe-
cially plates of echinodids. Their mineral
composition comprises pyrolusite, psilo-
melane, manganite, todorokite and hausman-
nite. The Mn contents in examined samples
varies between 0.8 and 3.5 %, while that of
Fe attains at most 1.7 %. In certain nodules
iron predominates above manganese.

On Mts. Mangart and Begunj{~ica man-
ganese ore occurs in a thinner layer within a
package of shales and marly limestones.
MnO contents in ore from Mangartu aver-
ages 45 %, and on Bergunj{~ica up to 60 %.

Middle Jurassic limestones with ferro-
manganese nodules are of a similar micro-
facies as analogous limestones with Mn-
mineralisation in Northern Alps.

The interesting question posed at present
by researchers concerns the environment of
forming of the ferromanganese nodules, and
farther, why they appear in the Tethyan realm
only in the Jurassic? Otherwise are similar
nodular red pelagic limestones known also
from the Cambrian times of Spain, Devonian
nodular and cephalopod limestones (»griot-
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te«) from France, and Middle Triassic ammo-
nitic and condensed limestones from the Alps
and Internal Dinarides, but the ferroman-
ganese nodules are developed in Jurassic
limestones only (B e r n o u i l l i  & J e n k y n s ,
1974; J e n k y n s , 1978). Most probably in
the realm of the western Tethys at this time
special conditions existed in which specific
paleogeographic, geochemical and diage-
netic parametres made possible preservation
of the nodules.

Manganese nodules are in the Tethyan
region regularly associated with strati-
graphically condensed beds with indications
of leaching and »hard ground«. Such areas
wihout or with very modest sedimentation
were submarine plateaus that were sub-
merged along faults to various depths, at
times not very deep. Figure 6 shows sche-
matically the paleogeographic evolution of
Julian and Dinaric carbonate platforms with
the intermediate Slovenian basin, and sup-
posed position of formation of manganese
nodules and Mn ore. While on submarine
plateaus manganese nodules (a) formed, the
subject of this paper, whereas in intermedi-
ate deeper ditches the layered manganese
ores formed (b), as known from Mangart and
Begunj{~ica.
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Dacite – siltstone peperite from Trli~no at Rogatec, Eastern
Slovenia

Peperit dacita in meljevca iz Trli~nega pri Rogatcu
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Abstract

Dacitic glassy lava flow at Trli~no is surrounded by a dacite – siltstone peperite and
peperitic breccia that underwent alteration, recognised in two, only a few metres thick
zones. In the higher-temperature alteration zone, albite extensively replaces volcanic glass
and primary plagioclases. The siltstone components are altered to microcrystalline quartz,
iron oxides and interlayered illite/smectite clay minerals. This zone developed upon ther-
mal metamorphosis related to the transfer of heat from the cooling lava. In the lower
temperature alteration zone, analcime occurs as the replacement of volcanic glass and
pore- and fissure-filling, while the primary plagioclases and poorly lithified siltstone
remained fairly unchanged. This zone developed under hydrothermal conditions related
to the heating, circulation and reactions of pore waters in the sediment surrounding the
lava flow.

Kratka vsebina

Dacitno steklasto lavo pri Trli~nem obkro‘ata peperit dacita in meljevca in peperitna
bre~a, ki sta spremenjena v dveh, le nekaj metrov {irokih conah. V vi{jetemperaturni coni
albit mo~no nadome{~a vulkansko steklo in primarne plagioklaze. Meljasta sestavina je
spremenjena v mikrokristalni kremen, ‘elezove okside in glinene minerale z zmesno struk-
turo vrste illit-montmorillonit. Ta cona je nastala s kontaktno, termi~no metamorfozo
vezano na toplotni tok, ki je izvirala iz ohlajajo~e se lave. V ni‘jetemperaturni coni pa se
pojavlja analcim, ki nadome{~a vulkansko steklo in zapolnjuje pore in manj{e razpoke v
kamnini. Primarni plagioklazi in meljasta sestavina sta skoraj nespremenjeni. Ta cona je
nastala pod hidrotermalnimi pogoji zaradi pregrevanja, kro‘enja in reaktivnosti pornih
raztopin v okolnem sedimentu lavinega toka.

GEOLOGIJA 49/1, 85–90, Ljubljana 2006

Introduction

Peperites are volcaniclastic rocks develo-
ped by mixing of lava or magma and the
enclosing soft sediment (C a s  & W r i g h t ,
1987; F i s h e r  & S c h m i n c k e , 1985;
M c P h i e  et al., 1993). They are characteri-
sed by interesting fluidal textures and di-
stinct globular clast forms, and also, by alte-

ration and authigenic mineralisation related
to intensive heat transfer from the cooling
lava or magma to the enclosing sediment.

In Slovenia, peperites and peperitic or in-
trusive hyaloclastites were recognised in the
Tertiary volcanic complex of Smrekovec
(K r a l j , 1996). While the identification of
andesite – siltstone peperites is relatively
easy, andesite – tuff, and particularly ande-
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site – resedimented tuff peperites commonly
involve many ambiguities. Alteration and
the formation of zeolites and other authige-
nic minerals additionally complicate their
recognition (K r a l j , 1998).

A thin layer of peperite occurs in the
Trobni Dol area in the marine siltstone ter-
med “sivica” that overlies an over 100 m
thick horizon of pyroclastic flow deposits
(K r a l j , 1999). The terminating stage of vol-
canic activity was non-explosive and pro-
duced a thin glassy lava flow which under-
went entirely autoclastic fragmentation and
mixing with the underlaying marine silt. Silt
fluidisation is well seen by redistribution of
organic matter from a dispersed form into
layers and elongate lenses oriented parallel
to the flow direction.

Peperites and other autoclastic rocks in
the Roga{ka Slatina and Rogatec volcanic
areas (Fig. 1) are poorly studied. Their reco-
gnition is very difficult owing to the impact
of intensive tectonic activity and alteration.
At Trli~no, the process of mixing of dacite
and siltstone can be traced from the parts of
the lava flow with almost completely assi-
milated silt, to the peperite zone and the
lava flow margins with dacite hyaloclasts
dispersed in the surrounding sediment for-
ming peperitic breccias. This contribution
deals with the rock petrography, their mode
of formation and alteration accompanying
the interaction of hot lava and the enclosing
water-saturated sediment.

Brief outline of geological setting

The Roga{ka Slatina and Rogatec area
belongs to the south-western margins of the
Pannonian Basin. Pre-Tertiary basement
mainly consists of Mesozoic carbonates and
interstratified volcanic rocks. The oldest
Tertiary deposits are Eocene limestone and
calcarenites. Their erosional remains out-
crop north of Roga{ka Slatina. Oligocene
deposits are developed as marine silts, silt-
stones, and subordinate fine-grained sand-
stones, marls and claystones. Volcanic acti-
vity seemingly started in Upper Oligocene,
and persisted discontinuously until Eggen-
burgian. The magma composition varied in
time from andesitic to dacitic and rhyodaci-
tic. During the Eggenburgian time, some
hundred metres thick sandstone deposits ac-

cumulated at Macelj and Log (up to about
500 m), and Ple{ivec (up to 300 m), along
with marine siltstone (A n i ~ i }  & J u r i { a ,
1985). Karpatian and Ottnangian sediments
are missing in the area. The Badenian sequ-
ence is characterised by some ten metres
thick basal layer of lithothamnium limesto-
ne and calcareous conglomerate, and it is
overlain by several hundred metres thick silt
and marl deposits, locally interstratified
with sandstone and calcarenite. During Sar-
matian, the environment changed from ma-
rine and brackish to continental. Silts and
siltstones dominate, and in the upper part of
the sequence, sandstones and conglomerates
locally occur. South of Roga{ka Slatina, Pan-
nonian marls outcrop and they are the youn-
gest Tertiary sediments in the area.

In the Roga{ka Slatina and Rogatec area,
three regional faults meet – the NW-SE tren-
ding Labot Fault from which the Donat Fa-
ult splits, the ENE- WSW trending [o{tanj
Fault and the Celje Fault (A n i ~ i }  & J u r i -

Fig. 1. Simplified geological map of the eastern
Slovenia (modified after A n i ~ i } , B. &
J u r i { a , M. 1985; B u s e r , S. 1978), and
detailed geographic position of Trli~no.
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Plate 1

Fig. 1. Bands in a laminar lava flow with different degree of crystallinity and composition, PPL 27x

Fig. 2. The bands ending in more turbulent parts of the lava flow, PPL 27x

Fig. 3. Entrapped sediment (S) rich in organic matter, PPL 27x

Fig. 4. Peperite developed in a lateral part of the lava flow, PPL 27x. Blackish areas belong to the
enclosed sediment (S)

Fig. 5. Wavy boundaries between the bands of lava and the sediment (S) possibly developed by the
boiling of pore water in the sediment and assimilation reactions. PPL 27x

Fig. 6. Lava bands (lighter areas) mixing with the sediment (dark areas, S), PPL 27x
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{ a , 1985; B u s e r , 1978). The [o{tanj Fault
and the Celje Fault join at Rogatec, and con-
tinue on the territory of Croatia north of
Trli~no (A n i ~ i }  & J u r i { a , 1985; A n i ~ i }
et al., 2002). South of the joined Celje Fault
and [o{tanj Fault, effusive and explosive
volcanic rocks outcrop at Trli~no and Sv.
Rok. Their assumed age is Egerian as indi-
cated by the surrounding silts and siltstones
(A n i ~ i }  & J u r i { a , 1985).

Volcanic rocks at Trli~no

Lava flow from Trli~no is a plagioclase-
augite-magnetite-phyric dacite. Ground-
mass consists of brownish glass in which
microlites – mainly plagioclases - are set.
The texture and composition are not homo-
genous throughout the rock (Plate 1 - Fig. 1),
and indicate that magma developed by a
mixing process which was not thoroughly
completed by the time of extrusion to the
surface (K r a l j , 2002). Some lava parts, su-
bordinate in occurrence, are more rich in
groundmass microlites and contain up to
0,5 mm sized olivine microphenocrysts. The
other parts of the lava flow are essentially
glassy and contain less phenocrysts and
much smaller microlites. By magma mixing,
banding parallel to the flow direction deve-
loped. The bands can be fairly irregular, con-
voluted and some mm thick or regularly la-
yered and much thinner attaining some
tenths of mm. The bands may just simply
end, or gradually become more and more
thin, and finally mix and assimilate with
another layer (Plate 1 - Fig. 2). Some plagi-
oclases were broken during the flow, se-
emingly owing to the collision with other
grains and/or friction related to the increase
in viscosity caused by the cooling of still
moving lava flow.

When magma extruded in the surroun-
ding soft silty sediment and later moved on
its surface as a lava flow, mixing and partial
assimilation occurred mainly along the lava
flow margins characterised by a laminar
flow and very high shear between the cohe-
rent plug and the channel walls. Irregularly
shaped pieces of the sediment were incorpo-
rated in the laminar part of the lava flow
(Plate 1 - Figs. 3, 4), and changed their sha-
pes into bands during the flow advance (Pla-
te 2 – Fig. 1). These bands locally show wavy
upper and lower boundaries with the enclo-
sing lava (Plate 1 – Figs. 5, 6), and they
probably originate from sediment fluidisati-
on developed by pore water boiling. The se-
diment shows varying degree of alteration:
in general, clayey and fine-grained silty ma-
trix was altered preferentially with respect
to the quartz grains that have commonly
preserved their original crystal structure and
the grain shape (Plate 2 - Fig. 1).

Outermost shells of the laminar lava flow
underwent autobrecciation and the formati-
on of hyaloclastites and peperitic breccias
(Plate 2 – Figs. 2). Due to proximity to the
lava flow, they underwent extensive altera-
tion reflected in the formation of illite/seri-
cite interlayered filosilicate minerals, albite
and quartz. Authigenic minerals replace the
primary constituents – plagioclases and vol-
canic glass, and fill the voids forming inter-
stitial cement and veinlets. This alteration
shell developed mainly by thermal meta-
morphosis related to the heat release form
the lava flow.

Some metres away from the contact with
the lava flow, the intensity of hyaloclastite
alteration decreases and and authigenic mi-
neral assemblage changes into analcime –
illite – microcrystalline quartz (Plate 2 –
Figs. 3, 4). Analcime replaces volcanic glass
and plagioclases and fills the voids. The ve-

Plate 2

Fig. 1. Banded lava: the sediment is aligned in thin bands (white areas, S) and is extensively altered
into quartz, albite and iron oxides (band margins). PPL 27x

Fig. 2. Peperitic breccia: lava hyaloclasts (H) and sedimentary matrix are extensively altered into quartz,
albite, illite/sericite and iron oxides, PPL 27x

Fig. 3. Analcime (A)veinlets, PPL 27x

Fig. 4. The same as Fig. 3, XP
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ins are some tenth of mm thick and are up to
1 mm sized. Analcime is mainly isotropic alt-
hough very weak birefringence occurs in so-
me larger crystals (Plate 2 – Fig.4). This alte-
ration shell developed under hydrothermal
conditions by the release of deuteric fluids
from the lava flow, and heating and circula-
tion of pore fluids from the surrounding se-
diment. The pore fluids consisted essentially
of entrapped marine water. Similar geoche-
mical conditions of analcime development
were observed in volcaniclastic rocks of Mt.
Smrekovec (K r a l j , 1998).

Conclusions

Dacitic lava from Trli~no extruded into
soft, silty, marine sediment. During the flow,
some mixing occurred producing dacite –
siltstone peperite and peperitic breccias. Se-
diment incorporated in the laminar lava flow
commonly followed the flow planes beco-
ming thinner and thinner with the flow ad-
vance. Incorporated in the laminar flow, the
sediment underwent alteration into quartz,
albite, sericite and iron oxides. Peperitic
breccias consist of hyaloclasts and sedimen-
tary matrix. Along the contacts with the la-
va flow, peperitic breccias are extensively
altered into albite – quartz – interlayered
illite/sericite, and some metres away into
analcime, quartz and illite. The former aut-
higenic mineral assemblage is mainly rela-
ted to thermal metamorphic conditions rela-
ted to the transfer of heat from the cooling
lava flow. Analcime possibly developed un-
der hydrothermal conditions generated by

heating, circulation and reactivity of pore
fluids – essentially marine water entrapped
in the surrounding sediments, and by even-
tual mixing of pore waters with deuteric
fluids released from the cooling lava flow.
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Abstract

In the first decade of mercury mining in Idrija the ore was roasted in piles. After that
the ore was roasted for 150 years, until 1652, in earthen vessels at various sites in the woods
around Idrija. Up to present 21 localities of ancient roasting sites were established.

From the roasting areas Frbej‘ene trate, lying on a wide dolomitic terrace on the left
side of the road from Idrija to ^ekovnik, 3 soil profiles are discussed. In all three profiles
in the upper, organic matter rich soil horizon very high mercury contents (from 3 to 4,000
mg/kg) were found. In two profiles the contents rapidly decrease with depth, to about 10-
times lower values already at 0.5 m. Below that, the mercury contents decrease slowly,
to reach at the 1.3 m depth a few mg/kg metal. In the third profile the upper humic layer
is followed downward by an additional humic layer containing very abundant pottery
fragments. In this layer the maximum mercury contents were determined, 7.474 mg/kg Hg.
The underlying loamy soil contains between 1000 and 2000 mg/kg mercury.

P{enk is one of the larger localities of roasting vessels fragments. It is located at La~na
voda brook below Hlev{e, above its confluence with the Padar ravine. The most abundant
pottery remains are found in the upper western margin of the area, just below the way
to Hlevi{e. The considered geochemical profile P{enk contains at the top a 45 cm thick
humic layer with 4,000 to 5,000 mg/kg mercury. Deeper the contents fall to around 100
mg/kg mercury. The calculations result in an estimated amount of 1.4 t mercury still
present at the P{enk locality, and in about 40 t of mercury on all roasting sites described
up to present.

The determined mercury contents in soils at old roasting sites are very high, and they
surpass all hitherto described localities at Idrija and in the surroundings.

Kratka vsebina

V prvem desetletju pridobivanja ‘ivega srebra v Idriji so rudo ‘gali v kopah. Potem pa
so okrog 150 let, do leta 1652 ‘gali rudo v lon~enih posodah na razli~nih lokacijah po
gozdovih v okolici Idrije. Do sedaj so na{li 21 lokacij starih ‘galnic.

Na ‘galni{kem obmo~ju Frbej‘ene trate, ki se nahaja na obse‘ni dolomitni izravnavi
na levi strani ceste Idrija - ^ekovnik, smo obravnavali 3 talne profile. Vsi trije profili
vsebujejo v zgornjem, z organsko snovjo bogatem horizontu tal zelo visoke vsebnosti ‘ivega
srebra (od 3.000 do 4.000 mg/kg). Vsebnosti v dveh profilih z globino hitro upadajo in ‘e
na globini 0,5 m vsebujejo pribli‘no za 10x manj ‘ivega srebra. Ni‘je se vsebnosti ‘ivega
srebra po~asi zni‘ujejo in dose‘ejo v globini 1,3 m vsebnost nekaj mg/kg ‘ivega srebra.
V tretjem profilu zgornji humozni plasti sledi prav tako humozna plast, ki vsebuje zelo
veliko ostankov lon~enine. V tej plasti smo dolo~ili najvi{jo vsebnost ‘ivega srebra, kar
7.474 mg/kg. Spodaj le‘e~a ilovica vsebuje med 1.000 in 2.000 mg/kg ‘ivega srebra.

P{enk je eno ve~jih nahajali{~ drobirja ‘galni{kih posod. Razteza se na levem bregu
potoka La~ne vode, ki priteka izpod Hlevi{ in se nekoliko ni‘je preto~i v Padarjevo grapo.
Najve~je koli~ine lon~enine najdemo v zgornjem zahodnem obrobju obmo~ja, tik pod potjo
proti Hlevi{am. Obravnavani geokemi~ni profil na lokaciji P{enk sestavlja v zgornjem delu
okoli 45 cm debela humozna plast, ki vsebuje od 4.000 do 5.000 mg/kg ‘ivega srebra. V
globljih delih profila je okoli 100 mg/kg ‘ivega srebra. Izra~unali smo, da na lokaciji P{enk
{e danes le‘i okoli 1,4 tone ‘ivega srebra in ocenili, da se na vseh do sedaj opisanih
lokacijah ‘galnic nahaja okoli 40 t ‘ivega srebra.

Ugotovljene vsebnosti ‘ivega srebra v tleh na lokacijah starih ‘galnic so zelo visoke
in po vsebnosti ‘ivega srebra presegajo vse do sedaj opisane lokacije v Idriji in okolici.
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Uvod

Idrija z okolico je bila v zadnjih desetlet-
jih predmet obse‘nih, vsestranskih in teme-
ljitih raziskav geogenega in antropogenega
onesna‘enja z ‘ivim srebrom. Ve~ina inter-
pretacij raziskovalnih rezultatov so izhajale
iz prepri~anja, da je mesto Idrija, kjer so
rudnik, opu{~ena topilnica in deponije ‘gal-
ni{kih odpadkov ter revne rude, edini vir
onesna‘evanja. Tak zaklju~ek je slonel na
geolo{kih ugotovitvah, da izdanjajo orudene
karbonske kamnine le na obmo~ju mesta in
da je bila metalur{ka dejavnost v preteklih
stoletjih koncentrirana na razli~nih lokaci-
jah v Idriji. O ‘ganju po gozdovih je bilo v
zadnjih nekaj letih le malo napisanega (^ a r ,
1996; G o s a r , 2004). [ele leta 2005 sta ^ a r
in T e r p i n  natan~no pre{tudirala starej{e
vire o na~inih ‘ganja v prvih stopetdesetih
letih delovanja rudnika in s terenskimi pre-
gledi odkrila {tevilna mesta ‘galnic v gozdo-
vih okrog Idrije. Nekdanja ‘galni{ka mesta
so prekrita z odvali odlomkov s cinobrom
prevle~ene glinene lon~enine, v njihovi pod-
lagi pa najdemo ~rno zemljo, bogato s ‘ivim
srebrom. Glede na obseg in {tevil~nost so
lokacije starih ‘galnic stalen vir emisij ‘ive-
ga srebra (^ a r  & T e r p i n , 2005). Doseda-
nje interpretacije ekolo{kih raziskovalnih
rezultatov in razporeditve ‘ivega srebra na
Idrijskem tega podatka niso upo{tevale, to
pa seveda pomeni, da bo potrebno nekatere
rezultate prevrednotiti. Ker so bile nove raz-
iskave starih ‘galnic doslej omejene le na
zbiranje in interpretacijo zgodovinskih po-
datkov, ugotavljanje prostorske razporedit-
ve lokacij ‘ganja ter rekonstrukcijo ‘ganja v
lon~enih ‘galnih posodah (^ a r  & T e r p i n ,
2005), je potrebno nadaljevati z raziskavami
vsebnosti, koli~ine in vertikalne porazdelitve
‘ivega srebra na lokacijah starih ‘galnic ter
posku{ati odgovoriti na vpra{anje kak{en vpliv
je imelo tako pridobivanje na dana{njo pora-
zdelitev ‘ivega srebra v okolju. V prispevku
predstavljamo preliminarne rezultate raziskav
na lokacijah Frbej‘ene trate in P{enk.

Najstarej{a na~ina ‘ganja ‘ivosrebrovih
rud v Idriji

V prvih letih rudarjenja v Idriji so prido-
bivali ‘ivo srebro izklju~no iz karbonskih
kamnin, ki izdanjajo na povr{je v osrednjem

delu mesta in na pobo~ju obmo~ja Pronta. V
karbonskih skrilavcih in muljevcih z le~ami
kremenovega pe{~enjaka se pojavlja orude-
nje v obliki samorodnega ‘ivega srebra in
cinabarita v razmerju pribli‘no 50:50 (^ a r ,
osebni arhiv), skupni odstotek pa je bil - po
kasnej{ih izku{njah - od 0,3 do 1,5% Hg.
Samorodno ‘ivo srebro so iz nakopanega
materiala izpirali v bli‘njem potoku Nikovi,
s cinabaritom orudene kose pa ‘gali v pre-
prostih kopah, podobno kot pridobivamo og-
lje. Opis najstarej{ega na~ina ‘ganja cina-
baritne rude, ki so ga imenovali `ganje v
kopah (nem{ko Haufenbrennen), sta na pod-
lagi arhivskih virov pripravila V e r b i ~ e v a
(1963; 1965; 1970b; 1990) in V a l e n t i -
n i t s c h  (1981), vendar si iz njunih tekstov
le te‘ko predstavljamo, kako je postopek
‘ganja potekal. [ele pred nedavnim je Kav-
~i~eva na podlagi arhivskih virov in novih
premislekov rekonstruirala ‘galne kope, po-
tek ‘ganja in opisala te‘ave, ki so pri tem
nastajale (K a v ~ i ~ , v tisku). @galno kopo so
sestavili iz menjajo~ih se plasti drv in rude,
jo prekrili z 10 do 15 cm debelo plastjo prsti
in opremili z odprtinami podobno kot kope
za ‘ganje oglja. Po treh tednih, ko je bilo
‘ganje kon~ano, so za~eli kopo ohlajati in
‘ivo srebro se je nabralo v kotanji pod njo
(K a v ~ i ~ , v tisku).

Postopek `ganja v kopah so uporabljali le
nekaj za~etnih let rudarjenja v Idriji. V e r -
b i ~ e v a  (1965 in 1970b) pi{e, da naj bi ga
delno opustili ‘e leta 1494, v celoti pa verjet-
no po letu 1510 (V e r b i ~ , 1965). ^ a r  in
T e r p i n  (2005) menita, da so opustili `ganje
v kopah ‘e nekaj let po odkritju idrijskega
rudi{~a. Proizvodnja Hg je bila v tem ob-
dobju majhna, le nekaj 10 ton na leto. To je
razumljivo, ~e upo{tevamo relativno nizke
odstotke ‘ivega srebra v skrilavi rudi in le
okrog 50 % izkoristke (M l a k a r , 1974) ter
zelo dolg ‘galni ~as. Postopek `ganja v ko-
pah je bil energetsko izjemno potraten, saj
so za pridobitev enega starega centa ‘ivega
srebra (56 kg) porabili kar deset voz drv
(V e r b i ~ , 1965 in 1970b). Menimo, da so v
prvih letih postavljali ‘galne kope le v bli‘i-
ni rudarskih kopov. Gozdovi v neposredni
okolici {e niso bili izsekani, velikih koli~in
sorazmerno siroma{nih rud pa tudi ni bilo
ekonomsko tovoriti v {ir{o okolico. Bolj ali
manj pre‘gane ostanke so odlagali na bre‘i-
ne Nikove in Idrijce in ob de‘evju so visoke
vode odvale odplavljale.
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^eprav ni natan~no znano, katerega leta
so vsestransko potratno `ganje v kopah pri
idrijskem rudniku opustili, pa ni dvoma, da
so v za~etku 16. stoletja postopno vpeljali
bistveno izbolj{an postopek `ganja v lon~e-
nih posodah, imenovan nem{ki ali bavarski
na~in (V e r b i ~ , 1963; 1965; 1970a; 1970b;
1990; 1993; V a l e n t i n i t s c h , 1981; ^ a r  &
T e r p i n , 2005). @ganje v lon~enih posodah
je v svoji znameniti knjigi De re metallica
opisal A g r i c o l a  (1556). Pri tem na~inu
‘ganja so uporabljali komplet dveh lon~enih
‘galnih posod. Zgornja, v obliki podolgova-
te bu~e, je bila ve~ja, spodnja podlo‘na po-
soda (recipient), ki se je prilegala ustju zgor-
nje posode, pa precej manj{a (slika 1). Rudo,
ki je vsebovala samorodno ‘ivo srebro, so
najprej zdrobili v zelo droban mulj in z izpi-
ranjem izlo~ili kapljice ‘ivega srebra. Posto-
pek so po potrebi ve~krat ponovili. Po izpi-
ranju je ostal zelo droban rudni drobir, ki so
ga imenovali {lih (der Schlich ali izpirek -
ruda pridobljena na moker na~in). Rudni iz-
pirek so posu{ili in ga obi~ajno pome{ali z

zdrobljeno rudo, ki ni vsebovala samorodne-
ga ‘ivega srebra. Z rudno napolnjene lon~e-
ne posode so obrnili in vtaknili v podlo‘no
posodo in stik skrbno zadelali. Lahko tudi
ve~ sto posod so polo‘ili na primerno pri-
pravljeno ‘galno mesto, pokrili z lesom in
za~eli ‘gati. Po pribli‘no dvanajstih (V a -
l e n t i n i t s c h , 1981) do {tiriindvajsetih urah
(K a v ~ i ~ , ustno sporo~ilo) so prenehali s
kurjenjem in za~eli ‘galne posode ohlajati
(podrobnosti glej: ^ a r  & T e r p i n , 2005).
@galne posode so bile izdelane iz slabe gline
z veliko primesjo peska. Obi~ajno jih je tret-
jina ‘e med prvim ‘ganjem po~ila (V e r b i ~ ,
1965), le tretjina jih je vzdr‘ala »tri ognje«
(V e r b i ~ , 1965). Zato so na ‘galnih mestih
nastajali obse‘ni odvali ~repinj. Kot poro~a
V e r b i ~ e v a  (1963) je v sredini 17. stoletja
idrijski rudnik porabil ‘e od 50.000 do 60.000
kompletov ‘galnih posod na leto.

Pri idrijskem rudniku so ‘gali rudo v lon-
~enih posodah do leta 1652, ko so zgradili
stalno ‘galnico na Prejnuti, torej okrog 150
let. Zakaj so ‘ganje v lon~enih posodah upo-

Slika 1. Risbi dveh razli~nih
lon~enih `galnih posod. Mere so v

milimetrih (po ^ a r j u  &
T e r p i n u , 2005)

Figure 1. Drawing of two types of
earthen roasting vessels. Measures

in millimeters (after ^ a r  &
T e r p i n , 2005)
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rabljali tako dolgo, kljub temu, da so pri
almadenskem rudniku v [paniji ‘e sredi 16.
stoletja uporabljali bistveno bolj{e stalne pe-
~i, lahko razlo‘imo le z velikimi koli~inami
bogate orude v skonca plasteh, ki so jo od-
krili 22. junija 1508. V skonca plasteh, ki jih
sestavljajo ~rni bituminozni glinavci, me-
ljevci in kremenovi pe{~enjaki z vlo‘ki an-
tracita, so prevladovale izjemno bogate (do
70% Hg) bituminozne in krhke sedimentne
rude imenovane jeklenka, opekovka in je-
trenke. Bogatej{i razli~ki cinabaritnih rud
so obi~ajno vsebovali tudi nekaj odstotkov
samorodnega ‘ivega srebra. Izkopane rude
so zelo verjetno vsebovale v povpre~ju nad
50% Hg (^ a r  & T e r p i n , 2005) in so bile v
prvi polovici 16. stoletja 5- do 7- krat boga-
tej{e od rud pri almadenskem rudniku (V e r -
b i ~ , 1990). @ganje v lon~enih ‘galnih poso-
dah je bilo ~asovno precej kraj{e, izkoristki
so se pove~ali na 60 do 70%. Pri tem se je
poraba drv zmanj{ala za petkrat, iz prej{-
njih desetih na dva voza (V e r b i ~ , 1970b)
za en dunajski cent Hg. Zaradi postopnega
ve~anja proizvodnje pa se poraba drv v re-
snici ni manj{ala, pa~ pa se je neprestano
ve~ala. Gozdovi okrog rudnika so bili, tudi
zaradi drugih, zelo velikih rudni{kih potreb,
kmalu izsekani. Ker je bilo spravljanje veli-
kih koli~in drv po strmih brezpotnih pobo~-
jih in te‘ko prehodnih grapah do rudnika
zelo te‘avno, kar bi zahtevalo veliko ’dragih’
delavcev, je bilo smotrneje tovoriti sorazmer-
no majhne koli~ine bogatih rud na primerna
mesta v gozdove okrog Idrije in jih tam ‘ga-
ti. Z leti so se pomikali vedno globlje v idrij-
ske gozdove (V e r b i ~ , 1970a). Ve~ lokacij
starih ‘galnic je na{el I. Mlakar pri geolo-
{kem kartiranju idrijske okolice, nekaj pa so
jih na{li kasneje (^ a r , 1996). V zadnjih ne-
kaj letih sta se ^ar in Terpin lotila sistema-
ti~nega pregledovanja lokacij starih ‘galnic
po gozdovih v bli‘nji in tudi malo bolj odda-
ljeni okolici Idrije (^ a r  & T e r p i n , 2005).
Locirala sta 20 starih ‘galnic v okolici Idrije
in sta mnenja, da jih gotovo obstaja {e ve~.
Prav v zadnjem ~asu sta na{la {e novo, 21.
lokacijo (slika 2). Rudo so tako ‘gali na bli‘-
njih gri~ih Pront, Pringl, P{enk, pa tudi na
bolj oddaljenih krajih v ^ekovniku in Ka-
nomlji, o ~emer pri~ajo {tevilni ostanki raz-
bite lon~enine. Gotovo pa je bilo ‘galnic {e
veliko ve~, vendar so mnoge zaradi erozije in
razli~nih ~love{kih posegov ‘e povsem izgi-
nile (^ a r  & T e r p i n , 2005).

Vsebnosti in porazdelitev ‘ivega srebra v
tleh in sedimentih

Prostorsko razporeditev koncentracij Hg
v tleh na ozemlju velikem pribli‘no 100 km2

z Idrijo v sredini je raziskoval H e s s  (1993).
Vzor~eval je v pravilni mre‘i 1 x 1 km (127
vzor~nih lokacij) Splo{na ugotovitev je bila,
da so najvi{je koncentracije v dolini Idrijce
od Idrije do Spodnje Idrije in da se vsebnosti
z oddaljenostjo od Idrije hitro zmanj{ujejo.

Podrobnej{a {tudija vsebnosti in porazde-
litve ‘ivega srebra v tleh na Idrijskem je
potekala v letih 2000-2003. V osrednjem de-
lu, kjer so bile ‘e ugotovljene visoke vsebno-
sti, smo novo geokemi~no raziskavo zasno-
vali z gostej{o mre‘o vzor~evanja (G o s a r  &
[ a j n , 2001), bolj odmaknjeno obmo~je pa
smo vzor~ili z redkej{o mre‘o vzor~evanja
(G o s a r  & [ a j n , 2003).

Rezultati Hessove in kasnej{e raziskave
(G o s a r  & [ a j n , 2001) jasno ka‘ejo na ne-
katere anomalije, kjer so vsebnosti ‘ivega sre-
bra v tleh povi{ane, a njihova vsebnost ne
more biti posledica glavnih virov ‘ivega sre-
bra v Idriji in okolici kot so atmosferske emi-
sije, odvali nepre‘gane in pre‘gane rude, ki
se nahajajo ve~inoma vzdol‘ Nikove in Idrij-
ce in njihova uporaba v cestogradnji in iz-
danki orudenih kamnin. Z ‘ivim srebrom geo-
geno obogatene karbonske plasti gradijo
podlago mestnega sredi{~a in izdanjajo na
pobo~ju Kurjega vrha in spodnjega dela Pron-
ta, orudene Skonca plasti in tufiti pa izda-
njajo na Prontu med Kar~nikom in Albreh-
tom (^ a r , 1998). Za prepre~itev obse‘nej{e
naravne migracije ‘ivega srebra v {ir{o oko-
lico je pomembno predvsem to, da je rudi{~e
obdano z neprepustnimi karbonskimi klasti~-
nimi kamninami ali pa omejeno z zaglinjeni-
mi tektonskimi conami (^ a r , 1998). Torej
lahko ugotovimo, da je izdanek prostorsko
zelo omejen in da na povi{anje vsebnosti v
tleh vpliva le na obmo~ju izdanjanja in v
bli‘nji okolici, ter na vsebnosti v sedimentih
Nikove in Idrijce, ki le‘ijo ni‘je od izdanka.

Pri podrobnej{em vrednotenju rezultatov
H e s s a  (1993) smo postali pozorni na povi-
{ano vrednost (56,2 mg/kg) na lokaciji 131,
ki je H e s s  (1993) ni komentiral. To je loka-
cija na travniku na Hlevi{ah, ki je manj kot
200 m oddaljena od lokacije ‘galnice Pren-
{tat na Hlevi{ah ({t. 8), ki sta jo opisala ^ a r
in T e r p i n  (2005). Torej je povi{ana vseb-
nost ‘ivega srebra na tej lokaciji gotovo po-
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Slika 2. Lokacije starih `galnic po podatkih ^ a r j a  in T e r p i n a  (2005), dodana {t. 21

Figure 2. Localities of old roasting sites after data by ^ a r  and T e r p i n  (2005), with addition of
site no. 21
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sledica ‘ganja rude v bli‘ini. Tudi na lokaci-
ji 103 (Tratnik) je vsebnost ‘ivega srebra
nepri~akovano visoka (115,4 mg/kg). Vzorec
je bil vzet na vplivnem obmo~ju ‘galnice Pri
Jur~ku ({t. 11), (^ a r  & T e r p i n , 2005).

G o s a r  in [ a j n  (2001) sta ugotovila po-
vi{ane vrednosti ‘ivega srebra na obmo~ju
hriba P{enk, JZ od Idrije. Verjetno tako vi-
soka koncentracija ‘ivega srebra (57 mg/kg)
ni posledica atmosferskih emisij ali narav-
nih danosti, ker na tem obmo~ju ne izdanja-
jo rudonosne kamnine. Lahko pa je posledi-
ca ‘ganja rude v preteklosti po gozdovih
(G o s a r  & [ a j n , 2001). Zanimivo je, da je v
bli‘ini vzor~eval tudi Hess, a povi{anja vre-
dnosti ni zaznal. ^e primerjamo lokacije
‘galnic (^ a r  & T e r p i n , 2005) s porazdelit-
vijo ‘ivega srebra (G o s a r  & [ a j n , 2001;
G o s a r  & [ a j n , 2003) vidimo, da lokacij-
sko sovpadata tudi anomalija v Ljubev~u z
‘galnico Plejn{tat ({t. 20), vendar so na tej
lokaciji mo‘ni tudi drugi vplivi.

Opis obravnavanih lokacij starih ‘galnic

@galni{ko obmo~je Frbej‘ene trate (loka-
cija 7 na sliki 2 in slika 3) se nahaja na
obse‘ni dolomitni izravnavi na levi strani

ceste Idrija - ^ekovnik. Cesta je bila zgraje-
na v osemdesetih letih preteklega stoletja,
sicer pa ~ez Frbej‘ene trate vodi stara steza
iz P{enka proti Vrhu Bele ter steza iz P{enka
proti Zagrebencu. ^ez obmo~je, ki je pora-
{~eno s smrekovim gozdom, te~eta dobr{en
del leta sicer suha poto~ka, ki se na obrobju
Frbej‘enih trat zdru‘ita in stekata nekoliko
ni‘je v grapo Padarce. Posamezne ko{~ke
lon~enine, prevle~ene s cinobrom, najdemo
po celotni izravnavi na povr{ini nekaj ~ez
100 m2 ({ir{e obmo~je nekdanjih ‘galnic),
najve~ pa med obema potokoma, ki je veliko
pribli‘no 35 x 30 m. V levi bre‘ini Frbej‘en-
skega potoka je debelina lon~enega odvala z
~rno zemljo v podlagi debela od 30 do 40 cm,
na desni strani pa jo ocenjujemo na pribli‘-
no meter do meter in pol (dopolnjen opis po
^ a r  & T e r p i n , 2005).

Profil F1 je naravni usek ob potoku, ki
seka odval lon~enine. Na vrhu je plast spra-
nih ostankov keramike. Potem sledi 10 do 20
cm tal, ki so zaradi organske snovi ~rno obar-
vana (A horizont), sledi do globine 90 cm
rjava ilovica z ostanki lon~enine in redkimi
ko{~ki oglja, pod njo do globine 200 cm le‘i
glinena ope~nato rjava ilovica, ki skoraj ne
vsebuje skeleta. Na globini 200 cm smo na-
leteli na preperel dolomit, ki je podlaga.

Slika 3. Skica lokacije
Frbej‘ene trate

Figure 3. Sketch-map
of the Frbej`ene trate

locality
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Nekoliko ni‘je ob potoku smo vzor~ili
profil F2. Tudi na tej lokaciji smo si poma-
gali z naravnim usekom ob potoku. Vrhnji
del profila F2 sestavlja 20 cm humoznih tal,
ki jih lahko ozna~imo kot A horizont, do
globine 45 cm sledi prav tako temna plast
humoznih tal, v kateri prevladujejo ostanki
lon~enine, nekateri v kosih velikih do 10 cm.
Do podlage na globini 75 cm sledi sivo rjava
ilovica, v kateri je le malo ostankov lon~eni-
ne.

Profil F3 je 9 m v smeri severa oddaljen
od F1. Njegove zna~ilnosti so podobne ti-
stim opisanim v profilu F1: zgornjih 25 cm je
A horizont, sledi ilovica.

P{enk (lokacija {t. 4 na sliki 2 in slika 4)
je eno ve~jih nahajali{~ drobirja ‘galni{kih
posod. Razteza se na levem bregu potoka
La~ne vode, ki priteka izpod Hlevi{ in se
nekoliko ni‘je preto~i v Padarjevo grapo.
Najve~je koli~ine lon~enine najdemo v zgor-
njem zahodnem obrobju obmo~ja, tik pod
potjo proti Hlevi{am. Menimo, da gre za o‘je
obmo~je nekdanjih ‘galnic. Predel je po oce-
ni dolg okrog 130 m in {irok do 50 m. Na tem
obmo~ju smo vzor~ili profil P1. Sicer pa naj-
demo posamezne odlomke lon~enih ‘galnih
posod po celotni prodi{~u ob potoku na dol-
‘ini pribli‘no 270 m in {irini do 50 m. Pri-

bli‘no na sredini prodi{~a je bil leta 2003 v
levi bre‘ini potoka odprt profil P2 (slika 5).
V podlagi je le‘al zna~ilen plastnat zgornje-
triasni norijsko-retijski dolomit s cm debeli-
mi medplastnimi vlo‘ki dolomitnega lapo-
rovca. Na njem so le‘ali kosi rde~kasto
rjavega karnijskega kremenovega prodnate-
ga pe{~enjaka. Na erodiranem dolomitu je
bilo odlo‘eno okrog 0,5 m pe{~enega, slabo
zaobljenega dolomitnega proda. Sledil je do
5 cm debel vlo‘ek ~rne bituminozne zemlje,
nad njim pa okoli 15 cm prodnatega dolo-
mitnega pe{~enjaka. Slede~a 10 cm debela
plast ~rne bituminozne gline je bila v podla-
gi bogata s odlomki lon~enine. Prekrivalo jo
je nekaj centimetrov dokaj sortiranega dolo-
mitnega proda. Nad prodom je le‘ala 13 cm
debela plast bituminozne zemlje z drobirjem
‘galnih posod. Profil se je zaklju~il z 0,5 cm
zelo slabo sortiranega pe{~enega dolomitne-
ga proda s {tevilnimi odlomki lesa in redki-
mi ostanki lon~enine.

 Opisane razmere potrjujejo, da predstav-
ljajo tri plasti s »~rno zemljo z lon~enino«
presedimentirani material iz o`jega obmo~-
ja nekdanjih `galnic na P{enku. Glede na
morfologijo terena in splo{ne prostorske raz-
mere na prodi{~u domnevamo, da se razme-
re od profila do profila hitro spreminjajo.

Slika 4. Skica lokacije
P{enk

Figure 4. Sketch-map of
the P{enk locality



98 Mateja Gosar & Jo‘e ^ar

Ali gre za presedimentacijo iz obdobja `ga-
nja, ali pa so se erozijski dogodki dogodili
kasneje, bi bilo potrebno {e raziskati.

Vzor~evanje in analitika

Profila F1 in F2 smo vzor~ili z brazdo, ker
smo naravni usek ob potoku le poglobili,
profila F3 in P1 pa smo do globine 24 oz. 36
cm izkopali, globlji vzorci pa so bili vzeti z
ro~no vrtalno garnituro.

Laboratorijska obdelava vzorcev je obse-
gala su{enje pri temperaturi 30°C in drob-
ljenje sprijetih grud, ne pa skeleta, v kera-
mi~ni terilnici. S suhim sejanjem smo
pridobili frakcijo manj{o od 2 mm, to smo
potem mleli na analitsko zrnavost (<0,063
mm). Vsebnost ‘ivega srebra in ostalih prvin
je bila dolo~ena z neplamensko atomsko ab-
sorpcijsko spektrometrijo (AAS) po izlu‘e-
vanju z zlatotopko (me{anica HCl : HNO3 :
H2O v razmerju 3:1:2; 1 ura/95oC). Vzorci so
bili analizirani v laboratoriju ACME v Van-
couvru v Kanadi. Vzorce in naklju~no izbra-
ne dvojnike ter standardne materiale smo
poslali v laboratorij po naklju~nem vrstnem
zaporedju. S tem smo zagotovili nepristran-
skost analitike in enakomerno porazdelitev
morebitnega spreminjanja analiznih pogo-

Slika 5. Skica
profila P2 na
lokaciji P{enk

Figure 5.
Profile P2 at

the P{enk
locality

Slika 6. Vsebnosti ‘ivega srebra v profilu F1
na lokaciji Frbej‘ene trate

Figure 6. Mercury contents in F1 profile at the
Frbej‘ene trate site
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jev preko vseh vzorcev. Zanesljivost kemi~-
nih analiz smo ocenili kot zelo zadovoljivo.

Rezultati in razprava

Vsi trije profili na lokaciji ‘galnice Fer-
bej‘ane trate vsebujejo v zgornjem z organ-
sko snovjo bogatem horizontu tal zelo viso-
ke vsebnosti ‘ivega srebra (od 3.000 do 4.000
mg/kg). Potem vsebnosti v profilu F1 in F3
hitro z globino padajo in ‘e na globini 0,5 m
vsebujejo pribli‘no za 10x manj Hg (slike 6
in 7). Ni‘je se vsebnosti ‘ivega srebra po~asi
zni‘ujejo in dose‘ejo v globini 1,3 m vseb-
nost nekaj mg/kg ‘ivega srebra. V profilu F2
zgornji humozni plasti sledi prav tako hu-
mozna plast, ki pa vsebuje zelo veliko ostan-
kov lon~enine (do 50%, slika 8). V tej plasti
smo dolo~ili najvi{jo vsebnost ‘ivega srebra,
kar 7.474,4 mg/kg. Vzorec je bil vzet tik nad
spodaj le‘e~o ilovico. Verjetno je pri{lo do
koncentriranja ‘ivega srebra nad slabo pre-
pustno ilovico, v kateri pa smo tudi dolo~ili
visoke vsebnosti ‘ivega srebra (995,5 mg/kg
na globini 50 cm in 1.817,5 mg/kg na globini
70 cm).

Slika 7. Vsebnosti ‘ivega srebra v profilu F2
na lokaciji Frbej‘ene trate

Figure 7. Mercury contents in F2 profile at the
Frbej‘ene trate site

Slika 8. Vsebnosti ‘ivega srebra v profilu F3
na lokaciji Frbej‘ene trate

Figure 8. Mercury contents in F3 profile at the
Frbej‘en trate site

Slika 9. Vsebnosti ‘ivega srebra v profilu P1
na lokaciji P{enk

Figure 9. Mercury contents in P1 profile at the
P{enk site
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Na lokaciji P{enk smo v profilu P1 v zgor-
nji okoli 45 cm debeli humozni plasti dolo~i-
li res zelo veliko ‘ivega srebra (od 4.000 do
5.000 mg/kg). V globljih delih profila je oko-
li 100 mg/kg ‘ivega srebra (slika 9).

Izra~un koli~ine in te‘e ‘ivega srebra, na-
kopi~enega na lokaciji P{enk, smo izvedli po
ena~bi 1. Prostornino smo izra~unali tako,
da smo pomno‘ili povr{ino osnovne ploskve
(Ai, v m2) z vi{ino kontaminiranega materi-
ala (di, v m). r pomeni gostoto materiala (v
kg/m3), ki je bila ocenjena po literaturnih
podatkih na 1.330 kg/m3 (SImetric, 2004),
CHg pa vsebnost ‘ivega srebra v mediju.

 (1)

Na lokaciji P{enk sta ^ a r  in T e r p i n
(2005) ocenila, da je povr{ina ‘galnice obse-
gala okoli 600 m2. Na podlagi lastnega opa-
zovanja in ugotovitev iz profila P1 ocenjuje-
mo, da je plast, ki je mo~no obremenjena z
‘ivim srebrom debela okoli 0,4 m. Vsebuje
od 4.000 do 5.000, ocenimo da povpre~no
4.500 mg/kg ‘ivega srebra. Po zgornji ena~bi
smo izra~unali, da je na lokaciji P{enk v tleh
oz. v odvalih nekdanje ‘galnice nakopi~ene-
ga pribli‘no 1,4 t ‘ivega srebra.

Zanimivo je tudi, da sta ^ a r  in T e r p i n
(2005) na{la literaturo iz leta 1911, ko je
Grund pisal o najdbi velike koli~ine s cino-
brom prevle~enega lon~enega drobirja na lo-
kaciji P{enk. Ugotovili so v povpre~ju 0,6 m
debelo plast, v kateri je bilo veliko razbite
lon~enine. @ivo srebro se je nahajalo pred-
vsem kot tanke prevleke cinobra na odlom-
kih ‘galnih posod, na{li pa so tudi samoro-
dno ‘ivo srebro. V drobnem materialu na tej
lokaciji so v dveh vzorcih dolo~ali vsebnost
‘ivega srebra in ugotovili od 0,45 in 0,7 %
‘ivega srebra, in v razbiti lon~enini 2,09 %
‘ivega srebra. Z ‘ivim srebrom najbogatej{i
vzorec lon~enine se je nahajal med koreni-
nami jelke in je bil dobro za{~iten pred izpi-
ranjem. Ugotovitve izpred pribli‘no 100 let
se torej izjemno dobro skladajo z na{imi ugo-
tovitvami. Plast ostankov je bila ocenjena za
nekoliko bolj obse‘no. Seveda se na celotni
lokaciji spreminja in je pravo oceno brez
natan~nej{ih raziskav te‘ko podati. ^e bi
vzeli debelino onesna‘ene plasti 0,6 m, bi
bilo na lokaciji P{enk okoli 2 toni ‘ivega
srebra. In ~e se {e malo poigramo s {tevilka-
mi lahko ocenimo, da je na vseh 20 lokacijah

‘galnic, ki sta jih opisala ^ a r  in T e r p i n
(2005), okoli 40 ton ‘ivega srebra. Pri tem je
treba poudariti, da je opisana lokacija na
P{enku po ocenah ^arja gotovo ena bolj ob-
se‘nih in dalj ~asa delujo~ih ‘galnic. Tako
lahko na{o oceno ozna~imo kot zelo veliko
in predvidevamo, da danes le‘i na teh loka-
cijah verjetno manj ‘ivega srebra. Ocena ve-
likostnega reda pa je pravilna. Zanimivo je
razmi{ljati dalje. Iz M l a k a r j e v i h  (1974)
podatkov o proizvodnji in izgubah sta ^ a r
in T e r p i n  (2005) ocenila, da se je v obdob-
ju pridobivanja ‘ivega srebra v ‘galnicah po
gozdovih (16. in prva polovica 17. stoletja)
kar okoli 4.500 t ‘ivega srebra izgubilo v
okolju. Seveda danes te izgube ne sledimo le
v vsebnostih ‘ivega srebra na lokacijah sta-
rih ‘galnic, ampak so bile izgube tudi v iz-
hajanju ‘ivosrebrnih hlapov, ki so pogojeva-
li atmosferske vplive dale~ okoli. Nedvomno
je pri{lo tudi do spiranja mo~no onesna‘e-
nega materiala in odna{anja v ni‘je le‘e~e
predele. To dokazujejo t.i. pozitivni vzorci iz
poto~nih sedimentov, ki so jih ugotavljali
raziskovalci, ko so {e iskali rudo, pa povi{a-
nih vsebnosti niso mogli razlo‘iti s zgradbo
rudi{~a in izdanjanjem orudenih kamnin
(M l a k a r , 1966). Tudi vsebnosti sedimen-
tov reke Idrijce v zadnjih 15-tih letih, ko se
izvaja monitoring re~nih sedimentov Idrijce
(G o s a r  et al., 1997; G o s a r , 2003), ka‘ejo
povi{ane vsebnosti v sedimentih zgornjega
toka Idrijce. [e posebno je jasen vpliv Pa-
darce, ki spira material ravno iz lokacij Fr-
bej‘ene trate, P{enk in Padarjeve grape. Ker
pa sodimo, da bi verjetno vsaj polovica ‘ive-
ga srebra ostala na sami lokaciji, se nam zdi
razmerje med izgubljenimi 4.500 tonami in
ugotovljenimi 40 tonami, ki naj bi danes le-
‘ale na lokacijah starih ‘galnic, preveliko.
Potreben bi bil ponovni premislek predpo-
stavk o izgubah in kvaliteti rude, ki jih je pri
izra~unih leta 1974 uporabil Mlakar in po-
iskati {e preostale ‘galnice v gozdovih, ki do
sedaj morebiti {e niso bile ugotovljene. Za
ugotovitev dejanskega stanja in tudi za zgo-
dovinsko opredelitev pomena in obsega ‘gal-
nic po gozdovih so potrebne {e nadaljne raz-
iskave. Nedvomno pa lahko ugotovimo, da
so v tleh na lokacijah starih ‘galnic zelo
visoke vsebnosti ‘ivega srebra, ki po kon-
centraciji ‘ivega srebra presegajo vse do se-
daj opisane lokacije v Idriji in okolici (H e s s ,
1993; P a l i n k a {  et al., 1995; H o r v a t  et
al., 2003; G n a m u {  e t  a l . ,  2 0 0 0 ;  G o -
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s a r  &  [ a j n ,  2 0 0 1 ;  B i e s t e r  e t  a l . ,
1999; 2000).
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Izotopske raziskave na obmo~ju vodnega telesa Pivovarne Union

Isotopic investigations in the area of the Union brewery water body
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Kratka vsebina

Na obmo~ju vodnega telesa Pivovarne Union se je za~el izvajati leta 2003 ob{iren {tudij
toka podzemne vode in prenosa snovi, katerega namen je, da se a) dolo~i in napove {irjenje
podzemne vode in urbanega onesna‘enja skozi pleistocenski aluvialni prodni vodonosnik
ter b) analizira tveganje prenosa onesna‘enja do vira pitne vode v spodnjem prodnem
vodonosniku. Prvi dve raziskovalni fazi sta temeljili na izotopskih raziskavah. V 16 opa-
zovalnih vrtinah se je vzpostavil monitoring sestave stabinih izotopov δ18O in δ2H ter
osnovih fizikalno-kemi~nih parametrov vode. Rezultati so omogo~ili vpogled v hidrodi-
namiko opazovanega vodonosnika, pa tudi v starostno strukturo vzor~enih vod. Identi-
ficirana je bil vertikalna komponenta toka, ki je glavni faktor za prenos in {irjenje one-
sna‘enja do podzemnega vira pitne vode.

Abstract

A study of groundwater flow and solute transport commenced in the area of the Union
Brewery water body in 2003 with the intention of a) assessing and predicting the movement
of groundwater and urban contaminants through the Pleistocene alluvial gravel aquifer
and of b) analysing the risk of contaminat transport to drinking-water resources in the
lower gravel aquifer. The first two research phases based on isotopic researches. The
monitoring of groundwater composition of δ18O in δ2H stable isotopes and basic physico-
chemical parameters was established in 16 observation wells. The results have produced
general information on the hydrodynamic functioning of the study area and they provided,
an insight into age structure of sampled water. The vertical flow component was identified,
which is the main influence on contaminant transport towards the drinking-water reso-
urce.

GEOLOGIJA 49/1, 103–112, Ljubljana 2006

Uvod

Podzemna voda pleistocenskega aluvial-
nega prodnega vodonosnika je vse pomeb-
nej{i vir pitne vode za obmo~je mesta Ljub-
ljane. Ta vodni vir je neprecenljiv tudi za
Pivovarno Union d.d., ki le‘i v urbanem in
industrijskem okolju, v neposredni bli‘ini
centra Ljubljane. Pivovarna izkori{~a s {ti-

rimi produkcijskimi vodnjaki kvalitetno
podzemnov vodo spodnjega pleistocenkega
prodnega vodonosnika in jo uporablja za
proizvodnjo ustekleni~ene vode, brezalko-
holnih pija~ in piva. Omenjeni vodonosnik
je lo~en z neprepustno bariero od zgornjega
prodnega vodonosnika, za katerega pa so
dosedanje raziskave pokazale, da je onesna-
‘en tako  mikrobiolo{ko kot kemi~no. Dose-
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danje meritve hkrati ka‘ejo, da onesna‘ena
voda zgornjega vodonosnika ne vpliva na
vodnjake pivovarne. Le-ti so bili uspe{no
obnovljeni tekom zadnje dekade, tako da
specifi~na geolo{ka sestava njihovega vpliv-
nega obmo~ja {e vedno omogo~a izkori{~a-
nje zelo kakovostnega podzemnega vodnega
vira spodnjega prodnega vodonosnika.

Da bi za{~itili vodno telo v urbanem oko-
lju pred onesna‘enjem in vzpostavili nad-
zor, ki bo omogo~al zgodnje odkrivanje mo‘-
nega onesna‘enja podzemnega vodnega vira,
se je za~el izvajati leta 2003 na obmo~ju
vodnega telesa Pivovarne Union ob{iren {tu-
dij toka podzemne vode in prenosa snovi.
Le-ta je tesno povezan z uporabo zanesljive
in u~inkovite raziskovalne metodologije, ki
zagotavlja a) znanstveno razumevanja me-
hanizmov, ki nadzirajo tok in prenos snovi/
onesna‘enja v vodonosniku in b) monitoring
teh procesov (T r ~ e k , 2001; 2003). Glede na
to se zdru‘uje klasi~ne neposredne geolo{ke
in hidrogeolo{ke metode s posrednimi - ana-
lizo prevladujo~ih organskih, anorganskih
in mikrobiolo{kih substanc ter izotopske se-
stave vodika in kisika.

[tudij toka in prenosa snovi zahteva za-
dovoljivo {tevilo fizikalno-kemijskih podat-
kov, ki omogo~ajo statisti~no obdelavo, pa
tudi numeri~no modeliranje. Projekt se zato
obravnava dolgoro~no. Izvaja se po razisko-
valnih fazah, ki druga drugo dopolnjujejo in
nadgrajujejo. Tema tega ~lanka so izotopske
raziskave δ18O in δ2H, ki so se izvajale v
okviru prvih dveh letnih faz: julij 2003- ju-
nij 2004 in julij 2004-junij 2005.

Raziskovalno obmo~je

Raziskovalno obmo~je obsega napajalno
zaledje podzemnih vodnih virov, ki jih izko-
ri{~a Pivovarna Union d.d. (slika 1). @e v
uvodu je bilo omenjeno, da je tu obmo~je
pleistocenskega aluvialni prodnega vodono-
snika, ki ga bariere, sestavljene iz le~ nepre-
pustnih sedimentov, lo~ujejo v zgornij in
spodnji prodni vodonosnik. Hidrogeolo{ke
in geolo{ke lastnosti raziskovalnega obmo~-
ja so opisane podrobno v poro~ilih In{tituta
za rudarstvo, geotehnologijo in okolje (V e -
s e l i ~ , 2000) ter GeoSi In{tituta za zemlje-
slovje d.o.o ( J u r e n , 2004).

Raziskovalni poligon (slika 1) je razdeljen
na 3 cone: obmo~je pivovarne (cona I), bli‘-

nja okolica pivovarne (cona II) in {ir{a oko-
lica pivovarne, ki obsega celotno napajalno
zaledje obravnavanih vodnih virov (cona III).
V okviru I. in II. raziskovalne faze se je pro-
u~eval tok in prenos snovi s pomo~jo moni-
toringa, ki se je vzpostavil v 16 opazovalnih
vrtinah (piezometrih), predstavljenih na sli-
ki 2. Piezometri zajemajo a) podzemno vodo
spodnjega prodnega vodonosnika, b) podze-
mno vodo zgornjega prodnega vodonosnika
ali pa c) podzemno vodo obeh vodonosnikov.

V coni I je sedem piezometrov:
• PU- vr1, PU-vr2, PU-vr3, PU-vr4, PU-

vr9, PU-vr10 in PU-vr11 (slika 1).
V coni II so trije piezometri:
• PU-vr5, PU-vr6 in PU-vr7 (slika 1).
V coni III pa je {est piezometrov:
• PU-vr35, PU-vr36, PU-vr37, PU-vr38,

PU-vr39 in PU-vr40.

Metode in tehnike

Izotopske raziskave temeljijo na stabilnih
izotopih kisika in devterija (δ18O in δ2H), ki
sta idealni konzervativni sledili, posebej pri-
merni za spremljanje prenosa infiltrirane pa-
davinske vode v vodonosniku, saj se po vsto-
pu v nizko temperaturni vodonosnik
ve~inoma ne spreminjata (C l a r k  & F r i t z ,
1997; K e n d a l l  & M c D o n e l l ,1998). Ena~-
ba globalne meteorne premice (GMWL –
Global Meteoric Water Line) opisuje njun
linearni odnos v padavinah (C r a i g , 1961;
R o z a n s k i  et al., 1993):

δ 2H = 8 ⋅ δ 18O + 10 (1)
Za posamezne regije pa so zna~ilne lokal-

ne meteorne premice (LMWL - Local Mete-
oric Water Line), ki se od globalne lahko
razlikujejo tako po odseku kot koeficientu
nagiba premice. Odsek na osi y (10±5) in
koeficient nagiba premice (8±0.5) se spremi-
njata v odvisnosti od podnebnih lastnosti -
procesov evaporacije in kondenzacije
(C l a r k  & F r i t z , 1997). Odvisnost izotop-
ske sestave kisika in vodika (δ2H in δ18O) od
temperature ima za posledico efekte izotop-
ske frakcionacije: podnebni, sezonski in
vi{inski efekt (H o e f s , 1997; C l a r k  &
F r i t z , 1997; P e z d i ~ , 1999). Izotopske raz-
iskave slonijo prav na analizi omenjenih izo-
topskih efektov. Vi{inski efekt se uporablja
za dolo~evanje obmo~ja napajanja podze-
mnih vod (ni‘je vrednosti odsevajo obmo~je
z vi{jo nadmorsko vi{ino), sezonsko nihanja
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Slika 1. Raziskovalno obmo~je

Figure 1. Study site
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δ2H in δ18O v padavinah pa predstavlja vho-
dni signal, ki se lahko uporablja za datiranje
podzemnih vod. Padavine, ki napajajo vodo-
nosnik, se namre~ v njem me{ajo s predho-
dno uskladi{~eno podzemno vodo, kar je
funkcija fizikalno-kemi~nih in hidravli~nih
lastnosti vodonosnika. V vodonosniku se
pri~ne amplituda vhodnega signala zmanj-
{evati. Razli~ne stopnje me{anja in homoge-
nizacije povzro~ajo razlike v δ2H in δ18O pod-
zemnih vod vodonosnika oziroma razlike v
amplitudah njenega sezonskega nihanja. Te
razlike omogo~ajo lo~evanje vod z razli~ni-
mi zadr‘evalnimi ~asi. Dalj{i je zadr‘evalni
~as podzemne vode v vodonosniku, manj{a
je amplituda sezonskega nihanja δ2H in δ18O
v njej. Na podlagi primerjave med izotopsko
sestavo padavin (vhodni podatek) ter vod
vodonosnika je torej mogo~e dobiti informa-
cije o dinamiki vod v opazovanem sistemu,
pa tudi o starostni strukturi (T r ~ e k  et al.,
2001; 2006).

V okviru I. in II. raziskovalne faze se je
izvajalo mese~no vzor~enje podzemne vode
za izotopske analize δ18O in δ2H. Vzor~enje je
potekalo na 16 pizometrih, opisanih v
prej{njem poglavju. So~asno so se vzor~ile
padavine na postaji, ki je bila narejene v
neposredni bli‘ini Pivovarne Union, pri vho-
du v lizimeter (slika 1), potekale pa so tudi
”in situ” meritve osnovnih fizikalno-kemij-
skih parametrov: pH, temperatura in elek-
troprevodnost (v ~lanku je obravnavan le
slednji parameter, ki opozarja na onesna‘e-
nje). Pri vzor~enju vode so se upo{tevala na-
vodila, ki sta jih zbrala C l a r k  in F r i t z
(1997).

Izotopske analize je opravil laboratorij
GSF - Institute of Groundwater Ecology,
Neuherberg, Nem~ija. Vrednosti izotopske

sestave 18O in 2H so podane z relativno vre-
dnostjo δ,

δx (‰) =  (Rx / RSt – 1) ⋅ 1000         (2)
kjer je Rx izotopsko razmerje med te‘jim in
la‘jim izotopom elementa v snovi (na primer
18O/16O), RSt pa izotopsko razmerje v ust-
reznem mednarodno sprejetem standardnem
vzorcu. Standardna napaka meritev je
±0.05‰ za kisik in ±0.5‰ za vodik.

Podatki so statisti~no obdelani s pomo~jo
{katlastih diagramov (H e l s e l  & H i r s c h ,
1992), ki nazorno prikazujejo razpon ter po-
razdelitev podatkov, omogo~ajo pa tudi vi-
zualno primerjavo in lo~evanje posameznih
vzor~nih mest. [katlasti diagram ponazarja
srednjo vrednost (srednja ~rta {katle), raz-
pr{enost (vi{ina {katle, ki predstavlja 50%
podatkov), asimetri~nost (z razmerjem vi{in
posameznih polovic {katle) in prisotnost
skrajnih vrednosti (oddaljene in zelo odda-
ljene vrednosti).

Rezultati in razprava

Rezultati meritev δ18O in δ2H ter elektro-
prevodnosti v mese~no vzor~enih vodah so
prikazani v tabeli 1 ter na slikah 3-7. Za obe
raziskovalni fazi predstavlja tabela 1 sred-
nje vrednosti obravnavanih parametrov,
medtem ko so prikazane njihove statisti~ne
lastnosti bolj detajlno s {katlastimi diagra-
mi na slikah 3 in 4. Ker sta δ18O in δ2H line-
arno odvisni [ena~ba (1)], interpretacija izo-
topskih podatkov sloni le na izotopski
sestavi kisika, ki se obravnava kot vodilni
parameter. Sama linearna odvisnost med
δ18O in δ2H se ni prou~evala v okviru II. raz-
iskovalne faze, ker je {tevilo opazovanj pre-
majhno za podrobnej{o statisti~no obdelavo

Tabela 1. Srednje vrednosti δ18O, δ2H, 2H odseka (D = δ2H - 8·δ18O) ter elektroprevodnosti vzor~enih
vod

Table 1. Mean values of δ18, δ2H, 2H intercept (D = δ2H - 8·δ18O) and electoconductivity of sampled
waters
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in jo bo bolj smiselno obravnavati ob koncu
III. raziskovalne faze. V tej fazi se je pri~elo
tudi vzor~enje najpomembnej{ih povr{inskih
vodotokov, ki lahko vplivajo na izotopsko
sestavo obravnavanega vodonosnika.

Primerjava srednjih vrednosti δ18O in
elektroprevodnosti I. in II. raziskovalne faze
v tabeli 1 ka‘e, da so vrednosti obeh para-
metrov na splo{no vi{je v obdobju II. faze,
kar je razvidno tudi iz {katlastih diagramov
na slikah 3 in 4. V II. fazi raziskav je nihala
δ18O padavin med –3,91 in –16,10 ‰, srednja
vrednost pa je bila –8,12 ‰. V podzemnih
vodah so se gibale vrednosti parametra med
–8,55 in –9,26 ‰, medtem ko so bile srednje
vrednosti δ18O od –8,73 do –9,17 ‰.

V obeh raziskovalnih fazah je razpon vre-
dnosti δ18O v padavinah veliko ve~ji kot v
podzemnih vodah (tabela 1), kar odseva
dalj{i zadr‘evalni ~as vod v vodonosniku.
Vrednosti podzemnih vod na sliki 5 se precej
razlikujejo med seboj, kar je lahko posledica
dveh faktorjev - razli~nega zadr‘evalnega
~asa vzor~enih vod in razli~ne nadmorske
vi{ine obmo~ja, s katerega se te vode napa-
jajo.

Na podlagi podatkov, prikazanih na sliki
3, so bile razdeljene vzor~ene podzemne vo-
de v {tiri skupine:

• skupina A – vode vzor~nih mest PU-
vr9, PU-vr7 in PU-vr38 (vode z najvi{jimi
vrednostmi δ18O);

• skupina B –  vode vzor~nih mest PU-
vr11, PU-vr6, PU-vr35, PU-vr37 in PU-vr36;

• skupina C –  vode vzor~nih mest PU-
vr1, PU-vr2, PU-vr3, PU-vr4, PU-vr40 in
PU-vr39;

• skupina D – vode vzor~nih mest PU-
vr10 in PU-vr5 (vode z najni‘jimi vrednost-
mi δ18O).

Pri tem je treba opozoriti na dolo~ene
spremembe, ki jih je najverjetneje povzro~i-
lo razli~no  hidrodinami~no obna{anje vo-
dnega telesa med I. in II. raziskovalno fazo.
Padavine – njihova razporeditev, koli~ina in
intenziteta, so glavni faktorji, ki nadzirajo
hidrodinami~no obna{anje raziskovanega
obmo~ja. Za obe raziskovalni fazi so prika-
zane dnevne padavine na slikah 6 a-d. Le-ta
hkrati ilustrirata ~asovno nihanje δ18O v ob-
dobju obeh raziskovalnih faz in, v povezavi
s slikami 3-5 in 7, odsevata tok in prenos
snovi v opazovanem vodnem telesu.

V skupini A so statisti~ne lastnosti δ18O
vode piezometrov PU-vr7 in PU-vr38 po-
dobne v obeh raziskovalnih fazah, spremem-
be pa so o~itne za piezometer PU-vr9 (slika
3). Razpon vrednosti δ18O piezometra PU-

Slika 2. Opazovalne vrtine, na katerih je potekal monitoring δ18O in δ2H ter osnovnih fizikalno-
kemijskih parametrov vode

Figure 2. Observation well for monitoring of groundwater composition of δ18O in δ2H and basic
physico-chemical parameters
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Slika 3. Rezultati meritev izotopske sestave
kisika v podzemnih vodah

Figure 3. Results of measurements of
groundwater oxygen isotopic composition

Slika 4. Rezultati meritev specifi~ne
elektroprevodnosti (SEC) v podzemnih vodah

Figure 4. Results of measurements of
groundwater specific electroconductivity (SEC)

Slika 5. ^asovno nihanje izotopske sestave
kisika v vzor~evanih vodah

Figure 5. Time-trend plot of sampled water
oxygen isotopic composition

vr9 je sicer v obeh raziskovalnih fazah po-
doben, razlikuje pa se njihova porazdelitev.
V II. raziskovalni fazi so podatki asimetri~-
no razporejeni in sicer bolj proti negativnim
vrednostim, ki so zna~ilne za podzemne vo-
de skupine B (npr. PU-vr11 in PU-vr6).
Kljub opisanim razlikam, pa je mogo~e priv-
zeti, da so podzemne vode skupine A izotop-
sko sorodne, zato je njihovo napajanje naj-
verjetneje vezano na isto obmo~je (slika 1).
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Vrednosti δ18O podzemnih vod skupine A so
najvi{je izmed vseh, vendar to ne pomeni, da
so te vode tudi najmlaj{e (slika 3). Vode Pu-
vr9 in PU-vr7 so sorodne tudi po elektropre-
vodnosti (slika 4). Visoke vrednosti parame-
tra opozarjajo na onesna‘enje in s tem na
lokalno napajanje. Voda piezometra PU-

vr38 ni kemijsko onesna‘ena (sliki 4 in 7),
vendar se predvideva, da je tudi napajanje
te vrtine lokalno vezano na obmo~ja Ro‘ni-
ka.

Sinteza informacij ka‘e, da je podzemna
voda skupine A uskladi{~ena v plasteh zgor-
njega prodnega vodonosnika, ki so lokalno
pod vplivom napajanja z obmo~ja [i{enske-
ga hriba in Ro‘nika (slika 1).

V skupini B so izpostavljene vrednosti pi-
ezometra PU-vr6. Tudi v tem primeru se raz-
likuje razporeditev podatkov med obema
raziskovalnima fazama (slika 3). V II. fazi se
velik odstotek vrednosti prekriva s tistimi,
ki so zna~ilne za skupino A, kar odseva po-
dobnost med podzemnimi vodami piezome-
trov PU-vr6 in PU-vr7. Kot za prej{njo sku-
pino podzemnih vod, je mogo~e zaklju~iti,
da pripada podzemna voda piezometrov PU-
vr6 in PU-vr11 zgornjemu prodnemu vodo-
nosniku, ki je pod vplivom lokalnega one-
sna‘enja, kar je {e posebej o~itno v primeru
vode PU-vr11 (sliki 4 in 7). Skupini B pripa-
da tudi voda piezometra PU-vr37, ki ima
podobno izotopsko sestavo kot voda PU-vr11
(slika 6b), medtem ko niha njena elektropre-
vodnost podobno kot v vodi PU-vr6 (slika
7). Tudi ta voda je kemijsko onesna‘ena, kar
odseva lokalne vplive. Podzemne vode pi-
ezometrov PU-vr35 in PU-vr36 imajo po-
dobne izotopske lastnosti, le da te vode niso
pod vplivom kemijskega onesna‘enja (sliki 4
in 7).

Predstavljeni podatki ka‘ejo, da je tudi
podzemna voda skupine B uskladi{~ena v
dolo~enih plasteh zgornjega prodnega vodo-
nosnika, ki pa se ob dolo~enih hidrodina-
mi~nih pogojih lahko me{a s podzemno vo-
do, uskladi{~eno v vi{jih plasteh tega
vodonosnika.

V skupino C spadajo podzemne vode pi-
ezometrov PU-vr1, PU-vr2, PU-vr3 in PU-
vr4, ki zajemajo vodo spodnjega prodnega
vodonosnika in podzemne vode dveh piezo-
metrov z barjanskega obrobja (PU-vr39 in
PU-vr40). Vrednosti δ18O te skupine vod so
ni‘je od prej{njih skupin, meritve elektro-
prevodnosti pa ne odsevajo kemijskega one-
sna‘enja (slike 3-7). V I. raziskovalni fazi so
imele vode PU-vr1 in PU-vr2 podobne raz-
pone vrednosti in srednje vrednosti, kar ve-
lja tudi za vode PU-vr3 in PU-vr4. V II. raz-
iskovalni fazi so razlike v δ18O med
obravnavanimi pari vod ve~je. Izstopajo
predvsem vrednosti PU-vr4 (sliki 3 in 6c), ki

Slika 6. ^asovno nihanje izotopske sestave
kisika v podzemnih vodah

Figure 6. Time-trend plot of groundwater
oxygen isotopic composition
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se prekrivajo v II. fazi v znatnem dele‘u z
vrednostmi sosednjega piezometra PU-vr9
(slika 6a). Ta informacija je zelo pomembna
in opozarja, da je pri dolo~enih hidrodina-
mi~nih pogojih pri{lo verjetno do vertikal-
nega preboja vode iz zgornjega v spodnji
prodni vodonosnik. Za vode PU-vr39 in PU-
vr40 je mogo~e ugotoviti, da so izotopsko
zelo sorodne (sliki 3 in 6c), kar odseva po-
dobno obmo~je napajanja, medtem ko se po
kemijski sestavi precej razlikujejo (sliki 4 in
7).

Podzemna voda skupine C je torej uskla-
di{~ena v plasteh spodnjega prodnega vodo-
nosnika, ki se lahko ob ekstremnih hidrodi-
nami~nih pogojih napaja iz zgornjega
prodnega vodonosnika.

Za podzemne vode skupine D, vode pi-
ezometrov Pu-vr10 in PU-vr5, so zna~ilne
najni‘je vrednosti izotopske in kemijske se-
stave (slike 3-7), kar najverjetneje odseva
lokalno napajanje z obmo~ja [i{enskega hri-
ba (slika1).

Pozornost je treba nameniti {e slikam 5 in
6a-d, ki predstavljajo ~asove trende δ18O
vzor~enih vod. Le-te ka‘ejo, da so izmerjene
v I. raziskovalni fazi najvi{je vrednosti fe-

bruarja 2004. Na podlagi meritev elektro-
prevodnosti, prikazanih na sliki 7, se pred-
videva, da je pri{lo takrat do intenzivne in-
filtracije padavinske vode in stopljenega
snega v vodonosnik, kar je hkrati povzro~ilo
tudi izpodrivanje predhodno uskladi{~ene
vode iz vi{jih v ni‘ja obmo~ja prou~evanega
vodnega telesa. Podoben pojav je mogo~e
zaslediti tudi v obdobju II. raziskovalne faze
- novembra 2004 (slike 4-6). Takrat je padla
velika koli~ina padavin, ki je morala, glede
na vrednosti δ18O na slikah 4-6, povzro~iti
intenzivno vertikalno napajanje vodnega te-
lesa. Meritve elektroprevodnosti na sliki 7
opozarjajo, da je infiltrirana padavinska vo-
da povzro~ila batni efekt – nova voda je iz-
podrinila predhodno uskladi{~eno vodo v
ni‘ja obmo~ja vodnega telesa.

Sklepi

Rezultati I. in II. faze izotopskih raziskav
so omogo~ili vpogled v hidrodinamiko opa-
zovanega pleistocenskega aluvialnega pro-
dnega vodonosnika in mehanizme toka in
prenosa snovi. Identificiran je bil vertikalen

Slika 7. ^asovno nihanje specifi~ne elektroprevodnosti (SEC) v podzemnih vodah

Figure 7. Time-trend plot of groundwaterspecific electroconductivity (SEC)
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proces napajanja, ki ima zelo veliko vlogo
pri analizi ranljivosti spodnjega prodnega
vodonosnika. Vertikalni tok je glavni faktor
za prenos in {irjenje onesna‘enja do tega
pomembnega vira pitne vode, zato bo verti-
kalno napajanje ena glavnih tem nadaljnjih
raziskovalnih faz. Predvsem se bo prou~ilo,
kdaj in kako pogosto se pojavlja vertikalni
tok. Hkrati bomo sku{ali odgovoriti tudi na
odprta vpra{anja, povezana s starostjo vzor-
~enih vod in z me{anjem razli~nih tipov vod
na raziskovalnem poligonu. Sinteza rezulta-
tov vseh raziskav bo omogo~ila, da se a) do-
lo~i in napove {irjenje podzemne vode in
urbanega onesna‘enja skozi pleistocenski
prodni vodonosnik ter b) analizira tveganje
prenosa onesna‘enja do vira pitne vode v
spodnjem prodnem vodonosniku. Predvide-
ni rezultati bodo ozna~ili lokalne hidroge-
olo{ke razmere, omogo~ili razumevanje pro-
cesov in vzrokov za spreminjanje okolja in
pripomogli k izbolj{anju kriterijev za uprav-
ljanje in gospodarjenje z vodnimi viri v ur-
banem okolju.

Isotopic investigations in the
area of the Union brewery

water body

Summary

In order to protect the urban drinking-
water resources from pollution an extensive
study of groundwater flow and solute trans-
port commenced in the area of the Union
Brewery water body in 2003 with the inten-
tion of a) assessing and predicting the move-
ment of groundwater and urban contami-
nants through the Pleistocene alluvial gravel
aquifer and of b) analysing the risk of conta-
minat transport to drinking-water resources
in the lower gravel aquifer.

The first two research phases based on
isotopic researches. The monitoring of gro-
undwater composition of 18O in 2H stable
isotopes and basic physico-chemical para-
meters was established in 16 observation
wells (piezometers), located inside of a rese-
arch polygon that is divided into three zo-
nes: zone I - the brewery area (PU- vr1, PU-
vr2, PU-vr3, PU-vr4, PU-vr9, PU-vr10,
PU-vr11), zone II - the brewery vicinity (PU-
vr5, PU-vr6 in PU-vr7) and zone III - the
brewery catchment area (PU-vr35, PU-vr36,
PU-vr37, PU-vr38, PU-vr39, PU-vr40) (Fig.

1). The piezometers (Fig. 2) capture a) gro-
undwater of the lower gravel aquifer, b) gro-
undwater of the upper gravel aquifer or c)
both of them.

Data of the groundwater δ18O, δ2H and
electroconductivity composition are presen-
ted in Table 1 and on Figures 4-9. Their in-
terpretation bases on a leader parameter -
δ18O.

The statistical characteristics of ground-
water and precipitation δ18O are graphically
illustrated with boxplots on Figures 4 and
5. The distributions of data sets significantly
distinguish among themselves, which sho-
uld result from two factors – different resi-
dence times of groundwater and different
altitudes of groundwater recharge areas. Ac-
cording to Figure 5 sampled groundwaters
were devided into four groups:

• group A – waters of piezometers PU-
vr9, PU-vr7 and PU-vr38 (waters with the
highest values of δ18O);

• group B – waters of piezometers PU-
vr11, PU-vr6, PU-vr35, PU-vr37 and PU-
vr36;

• group C – waters of piezometers PU-
vr1, PU-vr2, PU-vr3, PU-vr4, PU-vr40 and
PU-vr39;

• group D – waters of piezometers PU-
vr10 and PU-vr5 (waters with the lowest
values of δ18O).

The electroconductivity data (Fig. 6 and
9) completes information obtained by the
leader parameter (Figs. 4, 5, 7 and 8) and the
results of previous investigations (J u r e n ,
2004; V e s e l i ~ , 2000), which provides an
insight into the flow and solute transport
processes in the urban water body. It was
estimated that groundwaters of groups A
and B belong to the upper gravel aquifer,
which is influenced by local contamination.
Groundwaters of group C belong to the lo-
wer gravel aquifer, while groundwaters of
group D belong to the upper gravel aquifer,
which is mixing with waters that flow from
the hill [i{enski hrib (Fig. 1).

An additional comment refers to outstan-
ding values. In Figures 5 and 8 the attention
should be given to PU-vr4 and PU-vr9 data.
During the II. research phase a significant
portion of their δ18O values coincided, which
reflects a vertical breakthrough of ground-
water of the upper gravel aquifer into the
lower gravel aquifer under specific hydrody-
namic conditions. On the other hand in Fe-
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bruar 2004 and November 2004 the time-
trend plot of δ18O (Figs. 7 and 8) points out
the piston effect – new event water displa-
ced prestored water into aquifer lower parts.

It could be concluded that the results of the
I. and II. research phases have produced gene-
ral information on the hydrodynamic functio-
ning of the study area and provided an insight
into age structure of sampled water. The ver-
tical flow component was identified, which is
the main influence on contaminant transport
towards the drinking-water resource of the
lower gravel aquifer. Hence, investigation of
the occurrence and frequency of rapid rechar-
ge events represents one of the main themes of
the next research phases.
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Vloga reke So~e pri vnosu ‘ivosrebrovih spojin v Tr‘a{ki zaliv

Role of the River So~a in transfering mercury compounds into the gulf of
Trieste
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Kratka vsebina

V predstavljenem delu smo se osredoto~ili na oblike ‘ivega srebra v izlivu reke So~e,
v obmo~ju me{anja sladke in slane vode. Glede na vodni re‘im reke So~e smo izbrali tri
vzor~evalna obdobja na devetih vzor~evalnih lokacijah.

Koncentracija celotnega Hg se je v ~asu meritev gibala med 4,5 in 174 ng/l, s povpre~no
vrednostjo 25,9 ng/l. Ve~ina Hg (72%) je bila vezanega na suspendirane delce. Najvi{je
vsebnosti celotnega Hg v vodnem stolpcu so bile izmerjene maja, ko je bila povpre~na
vsebnost celotnega Hg v vodi 33,6 ng/l. Metil ‘ivo srebro (MeHg) je imelo zelo {irok razpon
med 12,0 in 1350 pg/l (povp. 175 pg/l). Ve~ina MeHg je bila v raztopljeni obliki (85%).
Vsebnosti raztopljenega plinastega Hg (DGM) v vodi so se gibale med 0,03 do 2,6 ng/l. Ve~
kot 10 let po zaprtju Idrijskega rudnika so koncentracije Hg in MeHg v vodi reke So~e
{e vedno izjemno visoke.

Abstract

In presented work different mercury forms in inflow of River So~a at mixing zone
between fresh and sea water have been investigated. Regarding to River So~a water regime
three sampling periods have been proposed at nine sampling locations.

Total Hg concentrations were between 4.5 and 174 ng/l with average value of 25.9 ng/
l. Most Hg (72%) was bounded to suspended matter. The highest values in water column
were measured in May when the average total Hg concentration was 33.6 ng/l. Methylmer-
cury (MeHg) concentrations were in wide range between 12.0 and 1350 pg/l (average 175
pg/l). Most MeHg was in dissolved form (85%). Dissolved Hg (DGM) concentration in water
was between 0.03 to 2.6 ng/l. More than ten years after closure of the mercury mine in
Idrija concentrations of different Hg species in River So~a remains very high.

GEOLOGIJA 49/1, 113–121, Ljubljana 2006

Uvod

V povodju reke So~e se nahaja drugi naj-
ve~ji rudnik ‘ivega srebra na svetu. V Idriji
so koncentracije ‘ivega srebra naravno po-
vi{ane, ve~ kot petstoletna zgodovina rudar-
jenja pa je zapustila povi{ane vsebnosti v

vseh segmentih okolja. Ocenjeno je, da se je
skozi zgodovino v okolje izgubilo vsaj 35.000
ton ‘ivega srebra bodisi v hlapni obliki sko-
zi dimnik ali odlo‘eno v obliki ‘galni{kih
ostankov. Koncentracije Hg v tleh zelo vari-
rajo in lahko dosegajo tudi nekaj 100 mg/kg.
G o s a r j e v a  in sodelavci (1997) poro~ajo,
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da lahko vsebnosti Hg v sedimentu in nabre-
‘inah reke Idrijce dosegajo tudi 1000 mg/kg.
Erozija sedimenta, nabre‘in in poplavnih
ravnic dolvodno ob reki Idrijci in So~i je
danes glavni vir Hg v Tr‘a{kem zalivu. Do-
lo~eno koli~ino ‘ivega srebra v reko So~o
prispeva tudi erozija iz z ‘ivim srebrom one-
sna‘enih obmo~ij nekdanjih boji{~ prve sve-
tovne vojne v njenem zgornjem toku (P i r c
& B u d k o v i ~  1995; 1996). Ocenjeno je, da
So~a letno prinese v Tr‘a{ki zaliv preko 1,5
tone ‘ivega srebra, ki je vezano v glavnem
na suspendirane delce v vodi (@ a g a r  &
[ i r c a  2001).

@ivo srebro je v vodnem okolju podvr‘e-
no razli~nim biogeokemijskim spremembam.
Predvsem je pomemben proces metilacije -
demetilacije, ki se vr{i v samem vodnem
stolpcu ali v sedimentih. Metilacija ‘ivega
srebra je v prvi vrsti biolo{ki proces, ~eprav
je mogo~a tudi kemi~na metilacija. MeHg se
v vodnem stolpcu lahko demetilira do Hg2+

in dalje reducira v Hg0, lahko pa tudi meti-
lira do dimetil Hg (H u d s o n  et al. 1994,
S c h r o e d e r  & M u n t h e  1998). Ostali pro-
cesi v procesu kro‘enja ‘ivega srebra v vo-
dnem okolju obsegajo {e absorpcijo/desorp-
cijo na suspendirano snov, usedanje in
sedimentacijo partikularnega Hg, difuzijo
med porno vodo v sedimentu in vodnim
stolpcem, difuzijo med vodnim stolpcem in
atmosfero (izhlapevanje), suho ali mokro

usedanje iz atmosfere na vodno povr{ino ter
pritok in odtok iz vodnega telesa bodisi s
povr{inskimi ali podzemnimi vodami.

V predstavljenem delu nas je zanimala
predvsem oblika ‘ivosrebrovih spojin na me-
ji me{anja sladke in slane vode v izlivu reke
So~e in njena vloga pri vnosu teh spojin v
morsko okolje Tr‘a{kega zaliva. Ker so re-
zultati {tudije preobse‘ni in bodo podrobno
predstavljeni drugje (C o v e l l i  et all., v ti-
sku) bomo na tem mestu podali le glavne
rezultate in zaklju~ke.

Metode dela

Vzor~evanje

Glede na vodni re‘im reke So~e smo iz-
brali tri vzor~evalna obdobja. Sredina fe-
bruarja, ko je vodostaj nizek (pretok 56 m3/
s), sredina maja z visokimi vodami (73 m3/s),
ko se v zaledju reke topi sneg in sredina
avgusta (32 m3/s) z nizkim vodostajem. Vsa
vzor~evanja so bila opravljena v letu
2002. Izbranih je bilo devet vzor~evalnih lo-
kacij. Dve v popolnoma sladki vodi, {est v
izlivu, kjer prihaja do me{anja med sladko
in slano vodo ter ena v Tr‘a{kem zalivu, v
popolnoma slani vodi. Na vsaki lokaciji smo
vzeli vzorce na treh razli~nih globinah: pri
dnu, v coni me{anja med sladko in slano

Slika 1. Vzor~evalne lokacije

Figure 1. Sampling locations
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vodo ter na povr{ini. Vzor~evalne lokacije so
prikazane na sliki 1.

Parametri kot so temperatura, slanost,
prevodnost, pH, so bili izmerjeni s pomo~jo
CTD Hidroanaut sonde na vsaki vzor~evalni
lokaciji. Glede na profil slanosti smo izbrali
vzor~evalno globino. Vzorce smo zajeli z Ni-
skin vzor~evalnikom, jih takoj preto~ili v
predhodno kislinsko o~i{~ene teflonske pla-
stenke ter jih transportirali v laboratorij,
shranjene na temperaturi 4°C. Za analize
‘ivosrebrovih spojin smo vzeli 2 l vode.

Vzorci so bili v laboratoriju takoj analizi-
rani. Dolo~ili smo naslednje Hg spojine in
oblike: celotno Hg (nefiltriran vzorec), reak-
tivno Hg, (nefiltriran vzorec), raztopljeno Hg
(filtriran vzorec), Hg vezano na partikular-
no snov, celotno MeHg (nefiltriran vzorec),
raztopljeno MeHg (filtriran vzorec), MeHg
vezano na partikularne delce, raztopljeno
plinasto Hg (DGM) ter DMHg (dimetil Hg).
Poleg Hg spojin smo dolo~ili {e celotno su-
spendirano snov, velikost in razporeditev su-
spendiranih delcev, organski ogljik ter ce-
lotni du{ik.

Analizne metode

Ker so metode dolo~anja zvrsti ‘ivega sre-
bra opisane v originalnem ~lanku (C o v e l l i
et al., 2006) podajamo na tem mestu le kra-
tek povzetek uporabljenih metod. Razli~ne
zvrsti ‘ivega srebra so bile analizirane s po-
mo~jo CV AAS (atomska absorbcijska spe-
krometrija hladnih par) in CV AFS (atom-
ska fluorescen~na spektrometrija hladnih
par) tehnik detekcije. Raztopljeno plinasto
in reaktivno ‘ivo srebro sta bila izmerjena
takoj po vzor~evanju. Reaktivno Hg je bilo
izmerjeno s pomo~jo redukcije s SnCl2 in po
amalgamaciji na zlati merjeno s CV AAS
tehniko (H o r v a t  et al., 1991; H o r v a t ,
1996). Celotno ‘ivo srebro je bilo dolo~eno
po postopku opisanem v H o r v a t  in sod.
1991 ter H o r v a t , 1996 s pomo~jo CV AAS
tehnike. Raztopljeno Hg v vodi smo izmerili
podobno kot celotno Hg, le da so bili vzorci
vode predhodno filtrirani. Partikularno Hg
smo izmerili na filtrih s tehniko CV AAS
(H o r v a t  et al., 1991; H o r v a t , 1996). Obli-
ke metiliranega Hg v vodi smo dolo~ili z
metodo ekstrakcije, etilacije, lo~itve s plin-
sko kromatografijo ter detekcijo na CV AFS
(H o r v a t  et al., 1993a; H o r v a t  et al.,.
1993b). Raztopljeno fazo MeHg v vodi smo

dolo~ili na enak na~in s predhodnim filtri-
ranjem vzorca. Raztopljeno plinasto Hg
(DGM) v vodi je bilo izmerjeno s pomo~jo
CV AFS sistema detekcije (H o r v a t  et al.,
2003). Dolo~itev dimetil Hg (DMeHg) je bila
izvedena po postopku opisanem v Horvat in
sod. 2003. Vzorci so bili dolo~eni v dveh pa-
ralelkah in v skladu z mednarodnimi in in-
ternimi protokoli zagotavljanja kakovosti.

Rezultati in razprava

Hidrolo{ke zna~ilnosti estuarja

Reka So~a ima zna~ilen vodni re‘im z
dalj{imi obdobji nizkih do srednjih preto-
kov (povpre~no 197 m3/s) ter kratkimi viso-
kovodnimi valovi s pretokom do 2500 m3/s.
Visokovodni valovi so navadno posledica
mo~nega de‘evja v njenem zaledju. V teh
obdobjih je zna~ilna visoka vsebnost lebde-
~ih plavin v vodi (do 1000 g/m3) Zna~ilnost
estuarja reke So~e je me{anje morske in slad-
ke vode. Najbolj gorvodna lokacija na kateri
smo {e izmerili vpliv slane vode je bila loka-
cija ISO 3, ki le‘i pod mostom ceste Tr‘i~ -
Grade‘. Na meji me{anja sladke in slane
vode je zna~ilna sprememba temperature,
slanosti in kalnosti. Temperaturna in sla-
nostna stratifikacija sta v vseh treh vzor~e-
valnih obdobjih sovpadali.

Profili slanosti ka‘ejo zelo ostro »cono
me{anja« sladke in slane vode, ki na nobe-
nem mestu ni presegla debeline 20 cm. Zna-
~ilna globina cone me{anja je nekje med 2 in
1 m globine, ki proti morju dviga in zna{a na

Slika 2. Globina plasti me{anja sladke in slane
vode v estuarju reke So~e

Figure 2. Sea and fresh –water mixing depths
in River So~a estuary



116 Jo‘e Kotnik et al.

lokaciji v zalivu le nekaj cm, v bolj su{nih
obdobjih, ko je pretok So~e nizek pa je sko-
raj ni opaziti. Med visokovodnim valom re~-
na voda porine morsko iz estuarja v Tr‘a{ki
zaliv, kjer se le-ta razlije po povr{ini. Z

manj{anjem pretoka reke morska voda po-
novno prite~e v estuar, kjer se vzpostavi zna-
~ilna slanostna stratifikacija. Globine me{a-
nja med sladko in slano vodo med
vzor~evanji podajamo na sliki 2.

Tabela 1. Povpre~ne koncentracije zvrsti Hg v razli~nih vzor~evalnih obdobjih v estuarju reke So~e

Table 1. Average concentrations of mercury species during different sampling periods in River So~a
estuary

Tabela 2. Povpre~ne koncentracije razli~nih zvrsti ‘ivega srebra v razli~nih vodnih plasteh estuarja
reke So~e

Table 2. Average concentrations of mercury species in different layers of water column in River So~a
estuary
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Celotno, partikularno, raztopljeno,
reaktivno in raztopljeno plinasto ‘ivo
srebro

Koncentracije razli~nih Hg oblik v raz-
li~nih vzor~evalnih obdobjih so bile precej
razli~ne, vendar kljub temu ka‘ejo nek splo-
{en trend. Povpre~ne rezultate meritev po-
dajamo na tabelah 1 in 2. Dolvodno pora-
zdelitev razli~nih Hg oblik pa na slikah 3 do
5.

Celotno Hg je imelo zelo {irok razpon med
4,5 in 174 ng/l s povpre~no vsebnostjo 25.9
ng/l. Najvi{je je bilo izmerjeno meseca maja
pri dnu, ko so bile tudi na drugih lokacijah
izmerjene vi{je vsebnosti celotnega Hg. To

razlagamo predvsem z nekoliko vi{jim vo-
dostajem reke So~e zaradi taljenja snega v
zaledju, ter nekoliko ve~je erozije s Hg one-
sna‘ene struge in nabre‘in reke Idrijce ter
So~e. Zna~ilna dolvodna razporeditev celot-
nega Hg v vseh treh plasteh so nekoliko vi{je
koncentracije v najbolj gorvodnih lokacijah.
Proti morju vsebnosti celotnega Hg padejo,
ter ponovno narastejo na najbolj dolvodnih
lokacijah. V vertikalnih profilih je opaziti
nara{~anje vsebnosti celotnega Hg proti dnu.
Koncentracija celotnega Hg v sladki vodi je
bila nekoliko vi{ja v avgustu (25,7 ± 29,9 ng/
l) kot pa februarja (18,2 ± 9,3 ng/l), kar na-
kazuje podoben re~ni transport Hg v re‘imu
nizkih vod. Najvi{je vsebnosti celotnega ‘i-

Slika 3. Dolvodna razporeditev razli~nih Hg oblik v razli~nih plasteh vodnega stolpca februarja 2002

Figure 3. Downflow distribution of different Hg species in different layers of water column in
February 2002
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vega srebra v slani vodi so bile, v nasprotju
s sladko, izmerjene pozno pomladi (63,5 ±
66,5 ng/l) in poleti (31,3 ± 24,6 ng/l). V sladki
vodi je bila ve~ina ‘ivega srebra vezanega
na lebde~e delce. Povpre~na vrednost parti-
kularnega Hg v sladki vodi je bila med 51%
(februarja) in 84% (maja). Koncentracije
partikularnega ‘ivega srebra so bile vi{je
februarja (9,6 ± 5,9 ng/l) in avgusta (25,4 ±
32, 3 ng/l) v sladki in v slani vodi (10,5 ± 8,7
in 28,5 ± 25,6 ng/l) kot pa v braki~ni, kar
nakazuje procese desorpcije ‘ivega srebra iz
suspendirane snovi pri me{anju sladke in
slane vode. Dolvodna razporeditev partiku-
larnega in raztopljenega Hg ka‘e podoben
trend kot celotno Hg: vi{je vsebnosti v slad-
kovodnih lokacijah, dolvodno nekoliko ni‘je

koncentracije ter ponovno nara{~anje proti
morju. Nara{~anje partikularnega ‘ivega
srebra v slani vodi na najbolj dolvodnih lo-
kacijah razlagamo z resuspenzijo muljaste-
ga dna estuarja, ki je posledica plimskih to-
kov.

Koncentracije raztopljenega ‘ivega sre-
bra v sladki in slani vodi so zelo primerljive
med februarskim (8,6 ± 4,8 ng/l v sladki in
6,1 ± 4,0 ng/l v sani vodi) in avgustovskim
(5,4 ± 1,0 ng/l v sladki in 8.7 ± 2,8 ng/l v
braki~ni vodi) vzor~evanjem, medtem ko so
majske vrednosti precej ni‘je na zgornjih
vzor~evalnih postajah v sladki vodi (3,3 ±
3,1 ng7l) in izredno visoke na dolvodnih lo-
kacijah v slani vodi (31,7 ± 31,5 ng/l). Odsto-
tek raztopljenega Hg je bil najvi{ji v braki~-

Slika 4. Dolvodna razporeditev razli~nih Hg oblik v razli~nih plasteh vodnega stolpca maja 2002

Figure 4. Downflow distribution of different Hg species in different layers of water column in May
2002
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ni vodi (39 -54%), kar je verjetno posledica
desorpcije Hg iz partikularne snovi.

Reaktivno Hg je bilo najvi{je izmerjeno
pri dnu meseca februarja (2,78 ng/l) in ka‘e
splo{en trend nara{~anja dolvodno proti
morju. Visoke koncentracije reaktivnega Hg
so bile izmerjene tudi na lokaciji ISO 3, kjer
se pojavi me{anje sladke in slane vode. Vseb-
nosti reaktivnega Hg so bile v toplej{ih spo-
mladanskih in poletnih mesecih ni‘je in niso
presegle 2 ng/l. Najvi{ji odstotek (med 0,8 in
21,5%) reaktivnega Hg je bil februarja na
povr{ini lokacije v Tr‘a{kem zalivu. Na splo-
{no je bil odstotek reaktivnega Hg precej
vi{ji v zimskih kot spomladanskih in polet-
nih mesecih, ko vsebnost ni presegla 13%. V
vseh treh sezonah je bil odstotek reaktivne-

ga ‘ivega srebra vi{ji v braki~ni (3,8 – 4,0%)
kot pa sladki (3,2 – 5,5%) in slani (1,7 -
4,8%) vodi.

V vzorcih je bilo izmerjeno tudi raztoplje-
no plinasto Hg (v nadaljevanju DGM – dis-
solved gaseous mercury), kjer gre v glavnem
za raztopljeno elementarno Hg (Hg0) ter v
precej manj{em dele‘u za dimetil Hg
(DMeHg), ki pa je v mejah zaznavnosti pri-
soten le v morski vodi. Vsebnosti DGM so
bile v vodah estuarja reke So~e precej visoke
in dale~ presegajo vsebnosti, ki so normalne
za re~na in morska okolja in so se gibale
med 0,03 in 2,65 ng/l, kar zna{a med 1,8 in
20 % vsebnosti celotnega Hg. Dolvodno v
vseh treh plasteh razporeditev DGM pribli‘-
no sovpada z razporeditvijo reaktivnega in

Slika 5. Dolvodna razporeditev razli~nih Hg oblik v razli~nih plasteh vodnega stolpca avgusta 2002

Figure 5. Downflow distribution of different Hg species in different layers of water column in
August 2002
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celotnega Hg, le da so nihanja med ekstremi
nekoliko ni‘ja.

Organske oblike ‘ivega srebra

Za metilirano obliko Hg (MeHg) je slika
nekoliko druga~na. Razpon koncentracij ce-
lotnega MeHg je bil izredno velik od 35,9 pg/
l do 1,3 ng/l (povpre~na vrednost 175 pg/l).
Najvi{ja koncentracija je bila izmerjena av-
gusta pri dnu najbolj gorvodno le‘e~e loka-
cije v popolnoma sladki vodi. Da so bile naj-
vi{je koncentracije avgusta je posledica
vi{jih temperatur in ve~je biolo{ke produk-
cije v re~nem zaledju, ter s tem pove~ano
biotsko metilacijo. Vsebnost MeHg se je gi-
bala med 0,3 in 19 % celotne vsebnosti Hg v
povpre~ju med 0,2 (maj) in 2 % (avgust).
Zelo izrazit je trend upadanja koncentracij
MeHg spojin dolvodno proti morju, kar je
bilo {e posebej opazno v poletnih mesecih.
Zanimivo je, da visoke koncentracije MeHg
niso nujno povezane z visoko vsebnostjo ce-
lotnega Hg in obratno. V vodnem stolpcu se
MeHg obna{a podobno kot celotno Hg in
nara{~a od povr{ine proti dnu. V veliki ve~i-
ni je bilo MeHg v raztopljeni obliki, kar je {e
posebej izrazito februarja (73 % MeHg v raz-
topljeni obliki) in avgusta (90 %). Maja je
bilo to razmerje nekoliko ni‘je (57 % MeHg
v raztopljeni obliki) predvsem na ra~un ve~-
je koli~ine suspendiranih delcev v vodi kot
posledica spomladanskega razcveta fito- in
zooplanktona ter razli~nih pelodov. Padanje
koncentracije partikularnega in raztoplje-
nega MeHg ka‘e na metilacijo v zgornjih
delih estuarja ali pa je ve~ina metil ‘ivega
srebra prine{ena na suspendiranih delcih iz
zgornjih delov re~nega toka. Dolvodno po
estuarju se voda deloma razred~i, deloma pa
se MeHg demetilira. Vi{je avgustovske kon-
centracije MeHg v sladki vodi so posledica
vi{jih poletnih temperatur vode in s tem ve~-
je biolo{ke aktivnosti v toku reke So~e. Let-
ni ~as tako igra pomembno vlogo pri razpo-
lo‘ljivosti MeHg spojin v toku reke.
Povi{anje koncentracij MeHg ({e posebej
partikularnega) v braki~ni vodi, kjer je vseb-
nost fitoplanktona {tirikrat vi{ja kot v slad-
ki in dvakrat vi{ja kot v slani vodi, nakazuje
biolo{ki izvor MeHg.

Dimetil ‘ivo srebro je bilo v vodi zelo
nizko in po ve~ini pod mejo detekcije. Le na
lokaciji v Tr‘a{kem zalivu smo lahko izme-
rili vrednosti. Tu je bila koncentracija mese-

ca februarja in maja med 0,2 in 0,5 pg/l,
meseca avgusta pa je bila med 6 in 41 pg/l.

Avtorji (H o r v a t  et al., 1999; H i n e s  et
al. 2000; H o r v a t  et al., 2001; F a g a n e l i  et
al., 2003), ki se v zadnjem ~asu ukvarjajo z
meritvami razli~nih oblik Hg v reki Idrijci,
So~i in Tr‘a{kem zalivu poro~ajo o padcu
koncentracij Hg in MeHg oblik v reki Idrijci
z oddaljevanjem od idrijskega rudi{~a, kjer
lahko koncentracija celotnega Hg dose‘e tu-
di ~ez 300 ng/l (H o r v a t  et al., 2001). Po
pritoku reke Idrijce v reko So~o koncentra-
cije padejo na nekaj ng/l in dolvodno po reki
So~i ponovno nara{~ajo ter na izlivu reke
So~e dose‘ejo ‘e do 20 ng/l do ustja reke
So~e v Tr‘a{kem zalivu, kjer poro~ajo o kon-
centracijah do 60 ng/l celotnega Hg (H i n e s
et al., 2000). Hkrati se spreminja tudi raz-
merje med MeHg in celotnim Hg od pod 1 %
v reki Idrijci do okoli 5 % v ustju reke So~e
(H i n e s  et al., 2000). Podrobne raziskave so
v tem delu potrdile visoke koncentracije Hg
in MeHg oblik v estuarju reke So~e. Pridob-
ljeni rezultati ka‘ejo predvsem na veliko od-
visnost nastopanja Hg oblik od letnih ~asov
ter vodostaja reke So~e.

Primerjava rezultatov s koncentracijami,
ki veljajo za neonesna‘ena re~na in priobal-
na morska okolja (primerjaj H o r v a t  et al.,
1999) poka‘e, da vse merjene oblike Hg in
MeHg spojin v estuarju reke So~e lahko tudi
za ve~ kot 100 krat presegajo vrednosti o
katerih poro~ajo razli~ni avtorji.

Zaklju~ki

Ve~ kot deset let po zaprtju Idrijskega ru-
dnika ‘ivega srebra ostajajo koncentracije ‘i-
vega srebra v ustju reke So~e izredno visoke
in v nekaterih letnih obdobjih celo vi{je kot
poro~ajo razli~ni avtorji v preteklosti. V ust-
ju So~e, kjer prihaja do me{anja med sladko
in slano vodo koncentracije celotnega Hg na-
ra{~ajo, medtem ko celotno MeHg dolvodno
pada. Koncentracija celotnega Hg je odvisna
predvsem od vodostaja reke ter od erozije s
Hg onesna‘enih sedimentov, nabre‘in in po-
plavnih ravnic ob Idrijci in So~i. Podobno to
velja tudi za MeHg spojine, kjer pa {e zelo
vpliva letni ~as in s tem biolo{ka produkcija,
ki pospe{uje metilacijo Hg spojin. Ve~inoma
je Hg vezano na partikularno snov, ve~ina
MeHg pa je bila v raztopljeni obliki. Koncen-
tracija MeHg ne sovpada nujno s koncentra-
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cijo celotnega Hg v vodi. Kljub visokim kon-
centracijam Hg in MeHg spojin v mesecu fe-
bruarju in avgustu predvidevamo, da zaradi
nizkega vodostaja vnos Hg spojin v Tr‘a{ki
zaliv ni najvi{ji v teh mesecih. Ve~ina Hg
spojin se verjetno s pomo~jo rek Idrijce in
So~e iz zaledja izpere v Tr‘a{ki zaliv ob »izje-
mnih dogodkih« visokih vod, predvsem po
obilnej{em jesenskem de‘evju, ko lahko vo-
dostaj rek So~e in Idrijce skokovito naraste
in s tem pove~a tudi erozija s Hg onesna‘ene-
ga zaledja reke.
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Abstract

The objective of this work is the study of the distribution of chemical elements in attic
dust and topsoil for the identification of anthropogenic and geogenic element sources in
an old metallurgic area in Bosnia and Herzegovina and Slovenia (Slo – BiH bilateral
project “Heavy metals in environment as consequences of mining and smelting in the
past”). Samples of attic dust and topsoil were collected in localities in BiH (Zenica, Vare{
and Ilija{) and Slovenia (Jesenice, [tore and Ravne).

Analysis for 42 chemical elements was performed. Based on a comparison of statistical
parameters, spatial distribution of particular elements and results of cluster analysis one
natural and two anthropogenic geochemical associations were identified. The natural
geochemical association (Al-K-La-Sc-Th-Ti) is influenced mainly by lithology. The ant-
hropogenic association (Co-Cr-Mo-Ni-V-W) is the result of iron metallurgy in the past.
The second anthropogenic association (Ag-As-Cd-Fe-Hg-Mn-Pb-Sb-Sn-Zn) is the result
of high level of sulphide phase in iron ore (Vare{) and zinc and sulphuric acid production
in the Celje area.

Povzetek

Namen pri~ujo~ih raziskav je {tudij porazdelitve kemi~nih prvin v podstre{nem prahu
in tleh za ugotavljanje in lo~evanje naravnih in antropogeno povzro~enih porazdelitev
kemi~nih prvin na obmo~jih intenzivnega ‘elezarstva v Bosni in Hercegovini ter v Sloveniji
(Slo-BiH bilateralni projekt “Te‘ke kovine v okolju kot posledica rudarjenja in topilni{tva
v preteklosti”). V ta namen smo zbrali vzorce podstre{nega prahu in tal na petnajstih
lokacijah v Bosni in Hercegovni (Zenica, Vare{ in Ilija{) ter v Sloveniji (Jesenice, [tore
in Ravne).

Vzor~ni material je bil analiziran na 42 kemi~ne prvine. Na osnovi primerjave stati-
sti~nih parametrov, porazdelitve posameznih prvin in rezultatov clusterske analize smo
izlo~ili eno naravno ter dve anropogeno povzro~eni geokemi~ni asociaciji. Porazdelitev Al-
K-La-Sc-Th-Ti je predvsem posledica vpliva litolo{ke podlage. Antropogeno povzro~ena
asociacija (Co-Cr-Mo-Ni-V-W) je nastala zaradi delovanja ‘elezarstva v preteklosti. Na-
slednja antropogeno povzro~ena asociacija (Ag-As-Cd-Fe-Hg-Mn-Pb-Sb-Sn-Zn) je rezul-
tat visokega dele‘a sulfidne faze v ‘elezovi rudi (Vare{) ali pa pridelave cinka in ‘veplove
kisline na obmo~ju Celja.
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Introduction

The objective of this work is the study of
the distribution of chemical elements in at-
tic dust and topsoil for the identification of
anthropogenic (man-made) and geogenic
(natural) element sources in an old metal-
lurgic area in Bosnia and Herzegovina and
Slovenia (Slo – BiH bilateral project “Heavy
metals in environment as consequences of
mining and smelting in the past”). Samples
of attic dust and topsoil were collected in
localities in BiH (Zenica, Vare{ and Ilija{)
and Slovenia (Jesenice, [tore and Ravne).

In previous geochemical studies ([ a j n ,
1999; 2003) the properties of attic dust as a
sampling medium for the territory of Slove-
nia (regional-scale) were established. The
applicability of attic dust and topsoil for
tracing the mercury halo in the Idrija area
(G o s a r  & [ a j n , 2001; G o s a r  & [ a j n ,
2003) and pollution of heavy metals in Celje
([ a j n , 2005), Me‘ica ([ a j n  et al., 2000;
[ a j n , 2002) and Jesenice area ([ a j n  et al.,
1998) was successfully proven.

The basic idea of the project is the hypot-
hesis that relations between geogenic and
anthropogenic chemical elements in sam-
pling media, especially in attic dust, are pre-
served in wider regional scale regardless of
architectonic particularity of attics in the
region and lithology. We believe that this
research has proven it.

Geographical and geological
description of study areas

Localities in Slovenia (Fig. 1)

Celje ([tore)

The town of Celje is situated in the cen-
tral part of Slovenia. In the area of the Celje
- [tore urban zone live about 55,000 inhabi-
tants (A n t o n ~ i ~ , 2001). The industry is
concentrated in the eastern part of the Celje
town. The Zinc smelter Celje, started its ope-
ration in 1873 and is still in operation today.
It has been estimated 580,000 tons of zinc
were produced between the years 1875 and
1970 (@ i b r e t , 2002).

The construction of the ironworks [tore
started in 1856. The [tore ironworks was a
relatively large operation from the begin-
ning. Production and processing were in ex-

pansion until 1991, after that the production
dropped radically.

In the geological sense, the studied area
represents a young tectonic basin. It is filled
with Quaternary deposits of the Savinja, Vo-
glajna and Hudinja rivers. In the northern
part are Pleistocene clays, quartz gravel and
sand. Tuff and marine clay of the Oligocene
age underlie these deposits. In the southeast
part also Miocene sand, sandstone, marly
limestone and lithothamnian limestone are
exposed, as a part of the Celje syncline. The
oldest rocks (shale, limestone, keratophyre
and keratophyre tuff of the Ladinian age,
and Upper Triassic massive limestone) crop
out in the southern part (B u s e r , 1977).

Jesenice

The Jesenice area is situated in the north-
west part of Slovenia (Fig. 1). The admini-
strative, political and economic centre is the
town of Jesenice, a typical industrial town
with iron making tradition, inhabited by a
population of about 20,000. Iron making in
the Jesenice area is traditional. The deve-

Figure 1. Locations of observed ironworks in
Bosnia and Herzegovina and Slovenia

Slika 1. Lokacije ‘elezarn v Bosni in
Hercegovini ter Sloveniji
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lopment of mines and furnaces started end
of 14th century as testified by the Ortenburg
mining regulations (http://www.jesenice.si/
jeobc.html).

After WWII Jesenice became the center of
black metallurgy in Slovenia. Introduction
of electrical steel processing marked the era
of manufacturing steel of higher quality and
in greater quantities. At its peak in 1970s,
the ironworks employed more than 8,000 pe-
ople (http://psychcentral.com/psypsych/je-
senice).

The territory is situated at the contact of
three geotectonic units: the south Karavan-
ke, the Ljubljana basin and the Julian Alps.
The central ridge of Karavanke is built by
the Ko{uta nappe that consists predomi-
nantly of carbonate rocks of Lower to Upper
Triassic age. The southern Karavanke nap-
pe, in the area between the Ko{uta nappe
and the Sava fault, consists mostly of Paleo-
zoic clastic and carbonate rocks. The Ra-
dovljica-Bled subsided basin in the southe-
ast is filled by Quaternary deposits in the
extreme part of the Ljubljana basin. In the
southeast, the Me‘akla plateau consists of
Lower to Upper Triassic carbonate rocks
(B u s e r  & C a j h e n , 1980; J u r k o v { e k ,
1986).

Ravne

The research area lies in the northern part
of Slovenia, close to the Austrian border (Fig.
1). The Meza river valley cuts in its upper
part through the Eastern Karavanke Mts.,
and in its lower parts, the settlements Pre-
valje and Ravne are placed.

After the year 1835, ironworking had de-
veloped at Prevalje and later at Ravne (M o -
h o r i ~ , 1954). The Me‘a valley is strongly
polluted with heavy metals due to mining
and smelting. The major pollutants are lead
and zinc, which were being extracted in the
upper part of the Me‘a valley for more than
300 years ([ a j n  et al., 2000; V r e ~ a  et al.,
2001). Ironwork located in the lower part of
the valley also contributed to the pollution
of the area during a 150-year operating pe-
riod (S o u v e n t , 1994).

The upper part of the valley cuts mostly
through Triassic limestone and dolomite.
The lower part of the valley cuts through
metamorphic rocks (M i o ~  et al., 1983).

Localities
in Bosnia and Herzegovina (Fig 1.)

Zenica

Zenica is an industrial city of 130,000,
distanced 70 kilometers north from the ca-
pital Sarajevo, by the valley of the river Bo-
sna (http://bs.wikipedia.org/wiki/zenica).

Construction of the iron and steelworks
in Zenica started in 1892, but already in
1899, the iron and steel works produced abo-
ut 3700 tons of rolled products. In 1940, the
iron and steel works produced 1/3 of the
total production of steel and rolled produc-
tion of Yugoslavia. By putting a new facili-
ties into operation and expansion of produc-
tion continued in 1986 and reached record
of 1,720,000 tons of pig iron and 1,906,000
tons of crude steel. In April 1992, producti-
on was stopped but in 1998 emerged a new
company called “BH STEEL Company”
(http://www.bhsteel.com.ba/istorija.htm).

The city of Zenica is situated in valley
that is covered by alluvium of the Bosna
River, partly on alluvial terrace sediments.
On the West side of the Bosna River, Mioce-
ne and Oligocene rocks outcrop and compri-
se clays, sandstones, conglomerates and
marls thought to represent post-orogenic
shelf sediments of Pannonian Sea. On the
East side of the Bosna River are Upper Cre-
taceous massive limestones and limestone
breccias and on top is flysch (@ i v a n o v i }
et al., 1975).

Vare{

This small city is situated in a valley of
the river Stavnja with 20,000 inhabitants. In
region of Vare{, iron ore mined and smelted
from Antique period. With arrival Austrians
to Bosnia, Vare{ admire revival in economy
aspect. Iron work of Vare{ is established in
1891, and operated until 1991. Before last
war, Vare{ had been forcefully industrial
centre, but from that time, mining and me-
tallic activities are stopped (http://bs.wiki-
pedia.org/wiki/vares; http://zeljezara-va-
res.com/onama.html).

The oldest rocks are Triassic age sandsto-
ne and sandy shale and massive, thick-bed-
ded limestone. There is a part with Anisian
limestones and dolomites, bearing hematite
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and siderite. The abandoned mine in Vare{
was the biggest Fe mine in Bosnia and Her-
zegovina. The mine zone is represented by
carbonates and iron oxide minerals. More-
over, Pb and Zn deposits are reported wit-
hin the same sequence. In the Vare{ area,
Pb-Zn mineralization is connected with the
Fe deposit. (O l u j i }  et al., 1978).

Ilija{

Ilija{ is a municipality located about
20 km north east of the city of Sarajevo. As
per dates in 2002, in a district of Ilija{ have
lived 15,000 inhabitants. Ironwork of Ilija{
begun with production in 1954, and in time
developed in giant who spread around 60 ha.
Now, production stagnates. Pre war number
of employed decreased from 3,500 on appro-
ximately 200 (http://bs.wikipedia.org/wiki/
ilijas; http://www.geocities.com/suceska
2003/aktilijas.htm).

The ironwork Ilija{ is situated on Quater-
nary sediments. Rocks in the Ilija{ basin are
Miocene and Oligocene ages, same as in the
town Zenica (J o v a n o v i }  et al., 1978).

Materials and methods

Sampling design and materials

Samples were collected from three locali-
ties in Bosnia and Herzegovina (Zenica, Va-
re{ and Ilija{) and in Slovenia (Jesenice, Rav-
ne and [tore) (Fig. 1). In each Slovenian
locality we collected three samples and from
each Bosnian locality, two samples. In total
we sampled fifteen localities, and at each we
collected topsoil (0-5 cm) and attic dust.

Close to each sample site location an old
house was chosen with intact attic carpen-
try. Most of the selected houses were at least
100 years old. To avoid collecting particles
of tiles, wood and other construction mate-
rials, the attic dust samples were brushed
from parts of wooden constructions that we-
re not in immediate contact with roof tiles
or floors. Soil was sampled from the surface
to the depth of 5 cm close to the house in
which attic dust was collected. Within the
town, urban soil, such as soil in the gardens
and on grass verges was sampled ([ a j n ,
2003; 2005).

Preparation of samples and analysis

All samples were air-dried. The size frac-
tion of attic dust smaller than 0.125 mm was
prepared for chemical analyses by sieving.
Soil samples were gently crushed then the
fraction smaller than 2 mm was pulverized
(D a r n l e y  et al., 1995; S a l m i n e n  et al.,
2005). Analysis for 41 chemical elements (Al,
Ca, Fe, K, Mg, Na, P, S, Ti, Ag, As, Au, Ba,
Be, Bi, Cd, Ce Co, Cr, Cu, Hf, La, Li, Mn, Mo,
Nb, Ni, Pb, Rb, Sb, Sc, Sn, Sr, Ta, Th, U, V,
W, Y, Zn and Zr) was performed by inducti-
vely coupled plasma mass spectrometry
(ICP-MS) after (total) four-acid digestion
(mixture of HClO4, HNO3, HCl and HF at
200oC). Hg was determined with cold vapor
atomic absorption spectrometry CV-AAS af-
ter aqua region digestion (mixture HCl,
HNO3 and water at 95oC).

All samples, replicates and geologic stan-
dards were submitted to the laboratory in a
random order. This procedure assured unbi-
ased treatment of samples and random di-
stribution of possible drift of analytical con-
ditions across all samples.

Sensitivity, accuracy and precision of
analysis

The sensitivity in the sense of the lower
limit of detection was adequate for 36 out of
42 determined chemical elements. The ele-
ments Au, Be, Bi, Hf, Ta and W, however,
were removed from further statistical analy-
sis, (M i e s c h , 1976) since their contents in
the majority of analyzed samples were be-
low the lower detection limit of the analyti-
cal method. Accuracy of the analytical met-
hod for the remaining 36 elements was
estimated by calculation of the relative
systematic error between the determined and
recommended values of geological stan-
dards. Most elements show, in the range of
the actual samples, very low deviations. The
means of elements in the standards gene-
rally differ by less than 15% of the recom-
mended values.

Results and discussion

In these analyses we excluded some ele-
ments because some of them have concen-
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trations below detection limits, but some of
them did not show any connection to other
elements in multivariate statistical analy-
ses. Consequently 22 elements (Tab. 1) used
in the final statistical treatment.

Number of samples for making a cluster
analysis is small, but significant enough.
Principally, no geochemical variations com-
pare to other previous similar analysis. Ba-
sed on a comparison of statistical parame-
ters (Tab. 1), results of cluster analysis (Fig.
2) and calculated enrichment ratios (Tab. 2),
one natural and two anthropogenic geoche-
mical associations were identified. The na-
tural geochemical association (Al-K-La-Sc-
Th-Ti) is influenced mainly by lithology. The
first anthropogenic association (Co-Cr-Mo-
Ni-V-W) is the result of iron metallurgy in
the past. The second anthropogenic associ-
ation (Ag-As-Cd-Fe-Hg-Mn-Pb-Sb-Sn-Zn)
is the result of high level of sulphide phase
in iron ore (Vare{) and zinc and sulphuric
acid production in the Celje area.

First group: naturally distributed
elements

The first group links Al, K, La, Th, Ti and
Sc. Characteristics for this geochemical gro-
up are high values of correlation coefficients
(Tab. 3a) and results of Cluster analyses (Fig.
2) between analyzed chemical elements.

For these elements it is important to
note that their average concentrations in
topsoil are around 80% concentration in
Slovenian soil. Concentration ratios vary
between 0.5 and 1.2 (Tab. 2, Fig. 3). Hig-
hest concentrations were found in two are-
as, Ravne and [tore, and are a consequen-
ce of weathering of igneous rocks in their
environment. The average of these ele-
ments in attic dust is 50% (varying betwe-
en 0.3 and 0.7) concentration in Slovenian
soil (Tab. 2, Fig.4). The highest ratio bet-
ween attic dust and topsoil was found in
the Ilija{ area (0.9) and the lowest in the
Ravne area (0.4) (Tab. 2, Fig.5).

Table 1. Slovenian averages in topsoil ([ a j n , 2003) and average values of 22 selected chemical
elements for considered ironworks

(Concentrations of Al, Fe, K and Ti are expressed in %, remaining elements in mg/kg)

Tabela 1. Slovenska povpre~ja v tleh ([ a j n , 2003) ter povpre~ne vrednosti 22 izbranih kemi~nih
prvin glede na obravnavano ‘elezarno

(Vsebnosti Al, Fe, K in Ti so izra‘ene %, vsebnosti ostalih prvin v mg/kg)

Topsoil (0-5 cm)     Attic dust
Element Slo Jesenice [tore Ravne Zenica Vare{ Ilija{ Jesenice [tore Ravne Zenica Vare{ Ilija{
First group of elements
Al 6.9 5.1 6.0 7.1 4.2 4.0 4.2 2.4 3.0 2.6 3.0 2.3 4.1
K 1.6 1.2 1.8 1.9 1.0 1.0 1.1 0.66 1.0 0.76 0.59 0.79 1.2
La 32 23 35 34 24 22 39 9.0 15 15 12 16 22
Sc 12 10 10 15 9.0 10 6.7 5.3 7.0 5.0 7.0
Th 11 8.3 10 11 7.3 5.6 7.4 4.7 4.3 3.7 4.7 3.3 7.5
Ti 0.33 0.22 0.30 0.25 0.24 0.27 0.23 0.10 0.29 0.12 0.16 0.12 0.23

Second group of elements
Co 16 9.0 12 22 16 25 34 14 16 42 19 32 17
Cr 91 242 99 574 161 271 166 445 354 3327 156 194 218
Mo 0.80 7.0 2.5 33 1.8 5.2 5.5 22 26 214 5.4 16 7.6
Ni 50 83 53 130 133 187 114 211 144 604 181 144 92
V 102 79 98 124 80 91 89 76 107 162 89 82 74
W 1.4 2.0 2.3 26 1.5 6.5 4.7 2.7 6.7 186 2.8 24 5.6

Third group of elements
Ag 0.090 0.58 0.20 0.30 1.0 2.6 0.45 2.1 1.7 8.5 4.0 6.1 0.35
As 14 19 28 20 57 31 91 44 116 28 121 83 44
Cd 0.45 1.9 4.9 2.1 1.5 3.5 1.8 5.8 37 6.2 4.3 9.0 1.6
Fe 3.5 5.3 4.7 5.7 4.5 7.6 11 13 14 13 8.6 19 6.8
Hg 0.070 0.59 0.63 0.22 0.51 1.1 5.4 2.6 1.8 0.29 1.8 3.6 0.99
Mn 1054 2320 976 1292 1284 3704 2674 6089 2418 2792 2598 5173 1310
Pb 42 430 175 500 267 918 166 1651 1368 1223 982 2412 199
Sb 1.1 2.5 2.0 5.7 11 29 8.3 12 15 17 52 85 7.7
Sn 3.1 8.3 5.7 12 6.5 20 12 17 27 39 14 58 14
Zn 124 828 706 1431 441 2434 361 2200 6835 1911 1204 5830 453
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Whereas these elements are not included
in technological processes of ironworks, we
presume that the source of the above ele-
ments in topsoil and attic dust is natural, i.e.
they originate from soil dust and represent
the natural state. Based on these ratios, we
can roughly evaluate that the lowest polluti-

on is in the Ilija{ area and the highest in the
Ravne area. Similar relationships have been
determined during previous research of soil
and attic dust in Celje ([ a j n , 2005), Jeseni-
ce ([ a j n , 1998) and Ravne ([ a j n , 2002)
areas. It is proposed that the distribution of
most elements is related to bedrock.

Figure 2. Dendrogram of cluster
analysis (15 samples of each attic

dust and topsoil; 22 selected
elements)

Slika 2. Dendrogram clusterske
analize (po 15 vzorcev

podstre{nega prahu in tal; 22
izbranih kemi~nih prvin)

Table 2: Average enrichment ratios of group of elements according considered ironworks

Tabela 2: Povpre~na obogatitvena razmerja skupin kemi~nih prvin glede na obravnavano ‘elezarno

                                  Group 1                             Group 2                            Group 3

Location X
–

, X
–

g Min - Max X
–

, X
–

g Min - Max X
–

, X
–

g Min - Max

Enrichment ratio (M topsoil/M slovenian average )
Jesenice 0.75 (0.67 - 0.81) 1.7 (0.56 - 8.7) 3.6 (1.3 - 10)
[tore 0.97 (0.86 - 1.1) 1.3 (0.77 - 3.2) 3.5 (0.93 - 21)
Ravne 1.1 (0.78 - 1.3) 5.3 (1.2 - 42) 3.7 (1.2 - 12)
Zenica 0.70 (0.61 - 0.75) 1.4 (0.78 - 2.7) 3.8 (1.2 - 12)
Vare{ 0.67 (0.53 - 0.83) 2.8 (0.89 - 6.5) 9.0 (2.2 - 31)
Ilija{ 0.79 (0.62 - 1.2) 2.4 (0.67 - 6.8) 5.6 (2.5 - 82)
Average 0.82 (0.53 - 1.2) 2.2 (0.56 - 42) 4.6 (0.93 - 82)

Enrichment ratio (M attic dust/M slovenian average )
Jesenice 0.37 (0.28 - 0.44) 3.0 (0.74 - 28) 11 (3.2 - 41)
[tore 0.56 (0.41 - 0.88) 3.5 (1.0 - 32) 15 (2.3 - 82)
Ravne 0.42 (0.35 - 0.48) 20 (1.6 - 267) 10 (2.0 - 100)
Zenica 0.45 (0.37 - 0.58) 2.1 (0.87 - 6.7) 11 (2.5 - 47)
Vare{ 0.40 (0.31 - 0.51) 3.9 (0.80 - 20) 22 (4.9 - 77)
Ilija{ 0.67 (0.58 - 0.73) 2.2 (0.72 - 9.4) 4.1 (1.2 - 15)
Average 0.48 (0.28 - 0.73) 4.0 (0.72 - 267) 11 (1.2 - 100)

Enrichment ratio (M attic dust/M topsoil )
Jesenice 0.49 (0.40 - 0.56) 1.8 (0.95 - 3.1) 3.0 (2.0 - 4.9)
[tore 0.58 (0.43 - 0.95) 2.7 (1.1 - 10) 4.3 (0.67 - 9.7)
Ravne 0.40 (0.34 - 0.47) 3.8 (1.3 - 7.2) 2.7 (1.3 - 28)
Zenica 0.65 (0.51 - 0.78) 1.5 (0.97 - 3.1) 2.8 (1.9 - 4.9)
Vare{ 0.61 (0.44 - 0.78) 1.4 (0.72 - 3.7) 2.5 (1.4 - 3.2)
Ilija{ 0.88 (0.57 - 1.0) 0.95 (0.49 - 1.4) 0.74 (0.18 - 1.3)
Average 0.60 (0.34 - 1.0) 1.8 (0.49 - 10) 2.7 (0.18 - 28)

X– - mean (srednja vrednost); X–g - geometric mean (geometri~na srednja vrednost)
Min – minimum (minimum); Max – maximum (maksimum)
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vary between 0.6 and 42 (Tab. 2, Fig. 3). The
highest concentration is again in the Ravne
area. The average of these elements in attic
dust exceeds by a factor of 4 average for
Slovenian soil (variation is between 0.7 and
267). Again, the highest concentration is in
the Ravne area (Tab. 2, Fig. 4). As in first
group, the highest ratio between attic dust
and topsoil is found in the Ravne area (3.8)
and lowest in the Ilija{ area (0.95) (Tab. 2,
Fig. 5).

From this, it is possible to conclude that
the consequences of mining are most prono-
unced in Ravne and least pronounced in Ili-
ja{. However, ironwork in Ilija{ has a shor-
ter history than in the other five localities.
Similar relationships have been determined
during previous research of soil and attic
dust in the areas Celje ([ a j n , 2005), Jeseni-
ce ([ a j n  et al., 1998) and Ravne ([ a j n ,
2002).

Figure 3. Concentration ratios of groups of
elements in topsoil with regard to location of

sampling

Slika 3. Koncentracijska razmerja skupin
kemi~nih prvin v tleh v odvisnosti od lokacije

vzor~enja

Figure 4. Concentration ratios of groups of
elements in attic dust with regard to location

of sampling

Slika 4. Koncentracijska razmerja skupin
kemi~nih prvin v podstre{nem prahu v

odvisnosti od lokacije vzor~enja

Second group: anthropogenically
introduced siderophile elements

The second group links mainly siderophi-
le elements: Mo, Ni, Co, W, V, and Cr. As
with the previous group, high values are ob-
served for correlation coefficients (Tab. 3b),
reinforced by results of Cluster analyses (Fig.
2) between analyzed chemical elements.

For these elements it is significant that
their average concentration ratio in topsoil
exceeds the average for Slovenian soil by a
factor of around 2.2. Concentration ratios

Fig. 5. Concentration ratios (attic dust/topsoil)
of groups of elements with regard location of

sampling

Slika 5.Koncentracijska razmerja (podstre{ni
prah/tla) skupin kemi~nih prvin v odvisnosti

od lokacije vzor~enja

Table 3a. Correlation coefficients (r) between
geogenic elements (n=30; P0.05, 28=0.361)

Tabela 3a. Korelacijski koeficienti (r) med
geogenimi kemi~nimi prvinami (n=30;

P0.05, 28=0.361)

Al K Ti La Sc Th

Al 1.00
K 0.90 1.00
Ti 0.75 0.68 1.00
La 0.78 0.79 0.61 1.00
Sc 0.96 0.86 0.74 0.76 1.00
Th 0.95 0.85 0.66 0.77 0.89 1.00
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Third group: anthropogenically introduced
chalcophile elements

This group links Ag, As, Cd, Pb, Zn, Sb,
Sn, Hg, and two siderophile elements Fe and
Mn. In this group, as with the two previous
groups, we observe a strong relationship bet-
ween correlation coefficients (Tab. 3c) and
results of Cluster analyses (Fig. 2) between
analyzed chemical elements.

The highest enrichments are in topsoil, in
attic dust and in ratios attic dust/topsoil. In
topsoil, the average concentration is 4.6 ti-
mes higher than in average Slovenian soil
(highest concentration is in Vare{ and lo-
west in [tore) (Tab. 2, Fig.3). The average of
these elements in attic dust exceeds by a
factor of 11 the average for Slovenian soil
(varying from 1.2 to 100). The highest con-
centration of these elements (22) is found in
the Vare{ area, and basically represents the
maximum for this group (Tab. 2, Fig.4). The
highest ratio between attic dust and topsoil

is found in the [tore area and, as with the
two previous groups, the lowest in the Ilija{
area (Tab. 2, Fig.5).

The high content of the aforesaid group
of elements in the Vare{ area is consequence
of the appearance of Pb-Zn. Metallurgical
processes considerably increased the con-
tent of sulphide elements in all sampled ma-
terials and caused serious environmental
pollution. A few kilometers west of the [to-
re is the town of Celje ([ a j n , 2005), where
there was an old Zn smelter (over 100 years
old), that contributed to a high concentrati-
on of chalcophile elements.

Conclusion

Based on these analyses, we can compare
pollution levels in each of these six iron-
works. We have found that in the cities Ze-
nica and Vare{ there exist high concentrati-
ons of chalcophile and siderophile elements.
Because of this it is very important to conti-
nue with further research on these two loca-
lities. In the Ilija{ area, by contrast, the pol-
lution level is very low and, for now, further
research will be discontinued.

In the Vare{ area there is a very high
concentration of chalcophile elements,
which originate from ore deposits. This iron-
work had a major influence on soil, stream
sediments and stream terraces of the River
Stavnja. My future work will focus more on
this area.

It is also very important to continue with
research in the city of Zenica, because this

Table 3b. Correlation coefficients (r) between
anthropogenically introduced siderophile

elements (n=30; P0.05, 28=0.361)

Tabela 3c. Korelacijski koeficienti (r) med
antropogeno vnesenimi siderofilnimi kemi~nimi

prvinami (n=30; P0.05, 28=0.361)

Co Cr Mo Ni V W
Co 1.00
Cr 0.56 1.00
Mo 0.48 0.84 1.00
Ni 0.70 0.86 0.68 1.00
V 0.53 0.68 0.46 0.58 1.00
W 0.68 0.74 0.85 0.61 0.49 1.00

Table 3c. Correlation coefficients (r) between anthropogenically introduced chalcophile elements
(n=30; P0.05, 28=0.361)

Tabela 3c. Korelacijski koeficienti (r) med antropogeno vnesenimi halkofilnimi kemi~nimi prvinami
(n=30; P0.05, 28=0.361)

Fe Ag As Cd Mn Pb Sb Sn Zn Hg

Fe 1.00
Ag 0.67 1.00
As 0.62 0.53 1.00
Cd 0.65 0.47 0.46 1.00
Mn 0.77 0.72 0.41 0.42 1.00
Pb 0.75 0.80 0.39 0.71 0.75 1.00
Sb 0.67 0.82 0.62 0.43 0.58 0.74 1.00
Sn 0.73 0.69 0.39 0.61 0.56 0.78 0.78 1.00
Zn 0.68 0.62 0.35 0.86 0.60 0.88 0.62 0.77 1.00
Hg 0.66 0.45 0.75 0.34 0.64 0.40 0.48 0.31 0.34 1.00



Influence of ironworks on distribution of chemical elements in Bosnia and Herzegovina and...  131

ironwork is the largest in the Balkans, and
there is a prominent metallurgical tradition.

Based on the results, we can expect high
pollution both siderophile and chalcophile
elements. This two, in Zenica and Vare{ and
several other industrial giants are situated
in the valley of the River Bosna. It would be
very important to check the content of these
elements in its stream sediments, as well as
alluvial plains where there are intensive
agricultural activities. This may have a huge
influence on human health and groundwa-
ter.
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HTTP sources
http://bs.wikipedia.org/wiki/ilijas (Wikipedia,

the free encyclopedia – Basic information about
municipality of Ilija{)

http://bs.wikipedia.org/wiki/vares (Wikipedia,
the free encyclopedia – Basic information about
municipality Vare{)

http://bs.wikipedia.org/wiki/zenica (Wikipe-
dia, the free encyclopedia – Basic information abo-
ut municipality of Zenica)

http://psychcentral.com/psypsych/Jesenice
(Basic information municipality of Jesenice)

http://www.bhsteel.com.ba/istorija (Basic in-
formation about ironworks Zenica)

http://www.geocities.com/suceska2003/aktili-
jas (Basic information about ironworks Ilija{)

http://www.jesenice.si/jeobc (Basic informati-
on municipality of Jesenice)

http://zeljezara-vares.com/onama (Basic infor-
mation about ironworks Vare{)
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Kratka vsebina

Vzorce lupin Mytilus galloprovincialis smo zbrali vzdol‘ celotne vzhodne Jadranske
obale. Analizirali smo izotopsko sestavo ogljika in kisika v kalcitnem in aragonitnem delu
skeleta {koljke M. galloprovincialis. S pomo~jo stabilnih izotopov ogljika in kisika smo
preverili ali so lupine {koljke M. galloprovincialis dober indikator pogojev v okolju (tem-
perature in slanosti). S pomo~jo izmerjene izotopske sestave kisika v {kolj~nih lupinah in
privzete izotopske sestave kisika v vodi smo izra~unali temperature izlo~anja kalcitnega
in aragonitnega skeleta {koljke M. galloprovincialis, ki se dobro ujemajo z izmerjenimi
temperaturami morske vode. Glede na rezultate izotopske sestave ogljika in kisika v
lupinah lahko raziskana obmo~ja razdelimo v tri skupine: z ve~jim vplivom sladke vode,
z manj{im vplivom sladke vode in morska okolja, kjer ni vpliva sladke vode.

Abstract

Samples of Mytilus galloprovincialis were collected from entire Eastern Adriatic coast
to determine δ18O and δ13C performed on calcite and aragonite shell layers. The aim of this
work was to check whether shells of M. galloprovincialis are good environmental indi-
cators (water temperature, salinity). Based on measured isotopic composition of oxygen
in shell layers and assumed isotopic composition in water temperatures of calcite and
aragonite of shell layers were calculated. The calculated temperatures for M. galloprovin-
cialis shell growth of calcite and aragonite shell layer are in good agreement with measured
temperatures of sea water. According to our results of δ18O and δ13C in shell layers we can
separate the locations of the investigated area into three groups: those with more influence
of fresh water, those with less influence of fresh water and those of marine environments.

GEOLOGIJA 49/1, 133–140, Ljubljana 2006

Uvod

Lupino {koljke Mytilus galloprovincialis
sestavljata aragonit in kalcit. [koljka izlo~a
dnevno prirastnice, zato vsebujejo le–te za-
pis fizikalno–kemijskih pogojev morske vo-

de. [koljka se prehranjuje z me{anico mor-
skega planktona in naseljuje obmo~ja bli‘i-
ne sladke vode nizko energijskih okolij, kjer
ni ve~jega vpliva valov. Najve~ lupine izlo~i
v poletnem ~asu od junija do septembra pri
temperaturah morske vode od 22–23 °C, kar
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pomeni, da ve~ji dele‘ lupine vsebuje zapis
pogojev v okolju med poletnimi meseci (M i -
l i { i } , 1991).

Izotopska sestava (δ vrednost) v karbona-
tih je definirana kot relativna razlika raz-
merij (R) koncentracij te‘jega proti la‘jemu
izotopu ogljika (kisika) raziskovanega vzor-
ca (vz.) glede na dolo~en referen~ni material
(RM) in jo izra‘amo v ‰. Izotopsko sestavo
ogljika (δ13C) in kisika (δ18O) v karbonatnih
vzorcih podajamo s slede~o ena~bo (O ’Nei l ,
1979):

  (1)

kjer je:
Rvz - razmerje 13C/12C v vzorcu oziroma (18O/
16O za δ18O v vzorcu)
RRM - razmerje 13C/12C v referen~nem materi-
alu oziroma (18O/16O za δ18O v vzorcu)

Za ogljik je privzet karbonatni standard
V-PDB – Vienna Pee Dee Belemnite (bele-
mnit iz Amerike), kateremu so pripisali δ13C
= 0 ‰. IAEA (Mednarodna agencija za jedr-
sko energijo) je dolo~ila referen~ni material
NBS 19 karbonat s to~no dolo~eno δ13C = +
1,95 ‰ in δ18O = -2,2 ‰ relativno na VPDB
(C o p l e n , 1996). Za merjenje izotopske se-
stave kisika v vodi uporabljamo mednaro-
dni standard V-SMOW (Vienna Standard

Mean Ocean Water – pripravljen iz destili-
rane vode, na tak na~in da odra‘a povpre~-
no izotopsko sestavo globokih vod iz oce-
anov po svetu), ki ga je definirala IAEA.

Morske {koljke izlo~ajo lupino blizu izo-
topskega ravnote‘ja z morsko vodo (M o o k
& V o g e l , 1968). Razmerje 18O/16O v karbo-
natih je dolo~eno z razmerjem 18O/16O v vodi,
v kateri pride do izlo~anja karbonatnega
skeleta (A n d e r s o n  & A r t h u r , 1983). Naj-
vi{je vrednosti δ18O imajo karbonatni skeleti
vrst, ki ‘ivijo v hladnem arkti~nem oceanu
in v velikih globinah, kjer so temperature
zelo nizke. Ve~ina morskih karbonatov odra-
‘a δ13C celotnega raztopljenega ogljika vode,
iz katere izlo~ajo organizmi skelet. Moluski
odra‘ajo t. i. minimalni metaboli~ni efekt,
ki vpliva na δ13C v karbonatnem skeletu,
zato njihove izotopske vrednosti predstav-
ljajo reprezentativne rezultate pogojev v
okolju (J o n e s , 1995).

Namen naloge je preveriti ali so {kolj~ne
lupine dober indikator pogojev v okolju
(temperature vode, dotoka sladke vode oz.
slanosti) obalnih morskih vod vzhodnega Ja-
drana.

Metode dela

Vzor~enje lupin {koljke Mytilus gallopro-
vincialis so izvedli v plitvem obalnem pro-

Slika 1. Karta vzor~nih to~k
{kolj~nih lupin Mytilus

galloprovincilis vzdol‘ vzhodne
Jadranske obale
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storu raziskovalci Centra za raziskovanje
morskega okolja Instituta Ru|er Bo{kovi} z
22 lokacij vzdol‘ celotne vzhodne Jadranske
obale oktobra 1998 (sl. 1). Lokacije pred-
stavljajo goji{~a {koljk kot tudi naravna ob-
mo~ja, kjer se pojavljajo tovrstne {koljke v
ve~jem {tevilu.

Z vsake lokacije smo odvzeli 5 {kolj~nih
lupin, katerim smo izmerili dol‘ino lupine
(tabela 1).

Organske ostanke {kolj~nih lupin smo od-
stranili s plasti~nim no‘em. Za izotopske
analize smo aragonitne in kalcitne lupine
{koljke M. galloprovincialis lo~ili s polira-
njem z uporabo smirkovega papirja in jih
homogenizirali. Pred meritvami stabilnih
izotopov smo organsko snov odstranili iz lu-
pin z dvournim ‘ganjem karbonatnega pra-
hu na 190 eC. Nato smo pribli‘no 40 mg
vzorca prelili z 2 cm3 100 % H3PO4 v vaku-
umu. Reakcija poteka 2 uri pri konstantni
temperature 55 °C (vodna kopel). Nato smo s
teko~im du{ikom zamrznili CO2 v posebne
ampule (M c C r e a , 1950). Izotopsko sestavo

smo izmerili z masnim spektrometrom Vari-
an Mat 250 z dvojnim uvajalnim sistemom
za referen~ni material in za vzorce na Insti-
tutu Jo‘ef Stefan. Pri meritvah smo uporab-
ljali referen~ni material NBS 19. Natan~nost
meritve za δ13C in δ18O v karbonatih je ±0,1
‰.

Podatke izotopskih analiz {kolj~nih lupin
smo obdelali tudi s clustersko analizo, ki se
uporablja za dolo~evanje skupin podatkov s
podobnimi lastnostmi, t.i. grupiranje podat-
kov (Z u p a n , 1992).

Rezultati in razprava

Temperature izlo~anje karbonatnega
skeleta {koljke Mytilus galloprovincialisMytilus galloprovincialisMytilus galloprovincialisMytilus galloprovincialisMytilus galloprovincialis

Neenakomerno izlo~anje skeleta {koljke
M. galloprovincialis v posameznih letnih ~a-
sih povzro~i tudi neenakomerno izotopsko
sestavo, ki je pogojena s temperaturo vode.
Ugotovili so, da nekatere {koljke prenehajo

Tabela 1. Izmerjene vrednosti δ18O in δ13C za kalcitni in aragonitni del {kolj~nih lupin Mytilus
galloprovincialis ter izra~unane temperature izlo~anja skeleta. δ18Ovode so privzete po podatkih

H e r l e c a  (1994).
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z rastjo lupine, ko temperatura pade pod
dolo~eno mejno temperaturo (D e t t m a n n
& L o h m a n n , 1994). Ker rast {koljke M.
galloprovincialis preneha v zimskem ~asu,
najvi{je vrednosti δ18O v karbonatnem ske-
letu niso zapisane.

Ugotovljeno je (R o m a n e k  & G r o s -
s m a n , 1992), da je anorgansko izlo~en ara-
gonit v povpre~ju obogaten za 0,6 ‰ s te‘jim
kisikovim izotopom (18O) pri temperaturi 25
°C napram kalcitu. Razlika v izotopski se-
stavi v ogljikovih izotopih med kalcitnim in
aragonitnim delom lupin mehku‘cev pa je
1,7 ‰ ± 0,4 ‰ in ni odvisna od temperature
izlo~anja skeleta.

V tabeli 1 so podane izmerjene vrednosti
δ18O in δ13C za kalcitne in aragonitne dele
{kolj~nega skeleta. Razpon vrednosti δ18O za
aragonit je od -2,4 do 1,3 ‰ in za kalcit od -
2,8 do 0,8 ‰ (tabela 1). Aragonit je v po-
vpre~ju obogaten za 0,2 ‰ s te‘jim kisiko-
vim izotopom v primerjavi s kalcitom.
Razpon vrednosti δ13C za aragonit je od -5,4
do 0,1 ‰ in za kalcit od -6,3 do -0,8 ‰
(tabela 1). Aragonit je v povpre~ju obogaten
za 1,1 ‰ s te‘jim ogljikovim izotopom. Ara-
gonitni del skeleta je na vseh lokacijah obo-
gaten s te‘jim ogljikovim izotopom.

Temperaturo izlo~anja kalcitnega skeleta
{koljke M. galloprovincialis izra~unamo po
splo{ni ena~bi za izlo~anje karbonatov
(C r a i g , 1965):
T°C = 16,9 – 4,2×(δ18Oc - δ18Ow) +
+ 0,13×(δ18Oc - δ18Ow)2 (2)

kjer je :
δ18Oc - izotopska sestava kisika v kalcitnem
delu skeleta, relativno na VPDB
δ18Ow - izotopska sestava kisika vode, iz ka-
tere se je izlo~il kalcit, relativno na VSMOW

Za aragonitni del skeleta pa se uporablja
slede~a ena~ba (G r o s s m a n  & K u , 1986):
T°C =21,8– 4,96×(δ18Oa - δ18Ow) (3)

kjer je:
δ18Oa - izotopska sestava aragonita, relativ-
no na VPDB
δ18Ow - izotopska sestava kisika vode, iz ka-
tere se je izlo~il aragonit, relativno na
VSMOW

Ker s posameznih lokacij nismo dobili
vzorcev vode za analizo δ18Ow smo privzeli
podatke iz literature (H e r l e c , 1994; 2005),
ki so podane v tabeli 1 skupaj z izra~unani-
mi vrednostmi temperatur izlo~anja arago-
nitnega in kalcitnega dela skeleta M. gallo-
provincialis.

V Jadranskem morju v splo{nem nihajo
temperature od 8°C v zimskih mesecih do
28°C v poletnih mesecih (M i l i { i } , 1991).
[koljke M. galloprovincialis izlo~ajo kalcit-
ni del lupine v temperaturnem razponu od
17,7 do 24,7°C, aragonitni del lupine pa izlo-
~ajo v temperaturnem razponu od 20,5 do
28,3°C (tabela 1). Aragonitni del skeleta se
izlo~a pri vi{ji temperaturi kot kalcitni del
skeleta.

Glede na podatke izmerjenih temperatur
morske vode v mesecu oktobru leta 1998 (In-
stitut Ru|er Bo{kovi}), ki smo jih dobili s
posameznih lokacij v splo{nem velja, da so
temperature v Srednjem Jadranu najvi{je, v
Severnem Jadranu pa najni‘je, kar se ujema
z na{imi izra~unanimi temperaturami po
ena~bah (2) in (3), v kateri so {koljke izlo~ale
karbonatni skelet (tabela 1).

Vpliv slanosti na izotopsko sestavo
karbonatov {koljke M. galloprovincialisM. galloprovincialisM. galloprovincialisM. galloprovincialisM. galloprovincialis

Za {koljke, ki ‘ivijo na ustjih rek in izlo-
~ajo lupine velja, da imajo ni‘je vrednosti
δ18O kot morske {koljke. Njihova δ18O v ske-
letu je pod -2 ‰, v nasprotju z morskimi
{kolj~nimi lupinami, ki imajo vrednost δ18O
nad -2 ‰. Morske karbonate z vrednostmi
δ13C manj od 0 ‰ najdemo na obalnih ob-
mo~jih in estuarijih, kjer povr{inske vode
prena{ajo organski ogljik in raztopljen og-
ljik kopenskega izvora (M o o k  & V o g e l ,
1968).

Iz na{ih rezultatov δ18O in δ13C za arago-
nitni in kalcitni del lupine M. galloprovinci-
alis med posameznimi lokacijami lahko skle-
pamo, da je najve~ji vpliv sladke vode na
lokacijah z najni‘jimi vrednostmi δ18O in
δ13C, minimalen vpliv sladke vode pa na ob-
mo~jih z vi{jimi δ18O in δ13C (sliki 2 in 3). Za
razvrstitev vzorcev {kolj~nih lupin glede na
vpliv sladke vode smo s pomo~jo podatkov
δ18O in δ13C za karbonatni (slika 2a) in ara-
gonitni del (slika 3a) lupin {koljke M. gallo-
privncialis uporabili clustersko analizo, ki
se uporablja za grupiranje podatkov (Z u -
p a n , 1992). Velik vpliv sladke vode je na
lokaciji Sv. Ivan (Ju‘ni Jadran) ob izlivu
reke Neretve v Jadransko morje, proti Plo-
~am se vpliv Neretve manj{a, ker le‘i v ve~ji
oddaljenosti od njenega izliva, in sicer se-
verno od Sv. Ivana (slika 1). Vpliv Neretve
proti jugu, na lokaciji Duba, se na izotopski
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sestavi kisika in ogljika ne odra‘a, saj mor-
ski tok ob izlivu Neretve te~e proti severu
(protiurna regionalna smer morskega toka).
Nadalje imamo velik vpliv sladke vode na
lokacijah Martinska ob izlivu reke Krke v
[ibeni{kem zalivu, njen vpliv se proti izlivu
v morje manj{a, saj dobimo na lokacijah Sri-
ma in Jadrija ni‘je vrednosti δ18O in δ13C.
Velik vpliv sladke vode imamo {e na lokaci-
jah Bakar, zaradi podmorskih sladkovodnih
izlivov in Rijeke Dubrova~ke, kjer so pod-
morski kra{ki izviri ter Limskega kanala
znotraj, ki je bolj sladkovoden, zaradi ome-
jene cirkulacije z morjem. Manj{i vpliv slad-
ke vode imamo na lokacijah Omi{ (vpliv re-
ke Cetine), Gru‘, Srima, Jadrija, Zabla~e,
Rijeka, Inavinil, Vranjic, Duba (Slika 1). Na
lokacijah Brestova, Bajla, Pula Kostrena, Fa-

‘ana, Borik, Ba~vice pa vpliva sladke vode
ni oz. je okolje morsko.

Iz slik 2 in 3 je razvidno, da sladka voda
zni‘uje δ18O in δ13C, saj vsebuje ve~ “prepe-
rinskega” ogljika, ki nastane z razgradnjo
organske snovi na kopnem in je obogaten z
la‘jim ogljikovim izotopom in zato zni‘a δ13C
v karbonatnem (aragonitnem in kalcitnem)
skeletu M. galloprovincialis. Na obmo~jih,
kjer ni vpliva sladke vode (Pula, Brestova,
Bajla, Kostrena, Fa‘ana, Borik, Ba~vice) do-
bimo vi{jo izotopsko sestavo ogljika in kisi-
ka v karbonatnem skeletu. Iz tega lahko
sklepamo, da na izotopsko sestavo kisika v
karbonatnem skeletu M. galloprovincialis
najbolj vpliva dotok sladke vode (spremem-
ba slanosti) in posledi~no na izotopsko se-
stavo ogljika, saj nosi organski ogljik, ki je

Slika 2. δ18O v odvisnosti od δ13C v
kalcitnem delu lupine M.

galloprovincialis; grupiranje
{kolj~nih lupin v razli~ne skupine je

posledica razli~nega vpliva sladke
vode (vzor~ne to~ke ozna~ene kot

na sliki 1)

Slika 2a. Dendrogram clusterske
analize glede na spremenljivki δ13C

in δ18O. Vzorce {kolj~nih lupin
lahko razdelimo v 3 skupine: ve~ji

vpliv sladke vode, manj{i vpliv
sladke vode in morsko okolje

(“Distance” - oddaljenost gledanja
podobnosti med vzorci)
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izotopsko la‘ji. Manj{i vpliv na δ13C ima or-
ganski ogljik, ki je posledica razpada organ-
ske snovi v morju in prav tako zni‘uje δ13C v
karbonatnem skeletu.

Sklepi

Kljub temu, da s smirkovim papirjem ni-
smo uspeli popolnoma lo~iti aragonitnega in
kalcitnega skeleta, smo dobili razlike v izo-
topski sestavi ogljika in kisika med arago-
nitnim in kalcitnim delom lupine M. gallo-
provincialis. Ugotovili smo, da je aragonit v
povpre~ju obogaten za 1,1 ‰ s te‘jim oglji-
kovim izotopom in za 0,2 ‰ s te‘jim kisiko-
vim izotopom na vseh raziskanih lokacijah.

Za izra~un temperaturnih vrednosti izlo-
~anja skeleta M. galloprovincialis smo priv-
zeli podatke iz literature o izotopski sestavi
vode, ki bi jo morali odvzeti in izmeriti na
vsaki vzor~ni lokaciji hkrati z vzor~enjem
{kolj~nih lupin. Izra~unali smo, da {koljka
M. galloprovincialis izlo~a skelet v tempera-
turnem razponu od 17,7 do 28,3°C, kar se
dobro ujema z izmerjenimi temperaturami v
Jadranskem morju na vzor~nih mestih.

Razpon izotopske sestave kisika izmerje-
ne v skeletu ka‘e tako na morska okolja kot
tudi na morska okolja z dotokom sladke vo-
de. Sladka voda prav tako zni‘uje izotopsko
sestavo ogljika v karbonatnem skeletu M.
galloprovincialis, saj dovaja izotopsko la‘ji
anorganski ogljik s kopnega.

Slika 3. δ18O v odvisnosti od δ13C v
aragonitnem delu lupine M.
galloprovincialis; grupiranje

{kolj~nih lupin v razli~ne skupine je
posledica razli~nega vpliva sladke

vode (vzor~ne to~ke ozna~ene kot na
sliki 1)

Slika 3a. Dendrogram clusterske
analize glede na spremenljivki δ13C

in δ18O. Vzorce {kolj~nih lupin lahko
razdelimo v 3 skupine: ve~ji vpliv
sladke vode, manj{i vpliv sladke

vode in morsko okolje (“Distance” -
oddaljenost gledanja podobnosti med

vzorci)
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Za podrobnej{e prou~evanje izlo~anja
skeleta posameznih primerkov mehku‘cev
je potrebno vzor~iti posamezne prirastnice,
ki rastejo tekom leta s starostjo organizma.
Metoda to~kovnega laserskega odvzema mi-
krovzorca, ki je tudi v najsodobnej{ih labo-
ratorijih razmeroma redka, omogo~a tudi
analizo prirastnic debeline pod 10 μm, ki so
bile izlo~ene v zelo kratkih ~asovnih inter-
valih (V a n d e r  P u t t e n  et. al., 2000).

Isotopic characteristics of shells MytilusMytilusMytilusMytilusMytilus
galloprovincialisgalloprovincialisgalloprovincialisgalloprovincialisgalloprovincialis from eastern coastal

area of Adriatic Sea

M. galloprovincialis uses aragonite and cal-
cite to build its shell. Because it deposits daily
accretion growth bands, the shell contains a
continuous record of seawater physical and
chemical conditions. Bivalve M. galloprovin-
cialis forms most of its shell in summer season,
which means it reflects isotopic and geoche-
mical composition conditions in seawater pri-
marily during the summer.

Molluscs, in general are believed to exert
only a minimal vital (metabolic) effects over
their isotopic composition and thus their iso-
topic values are representative of environ-
mental water conditions (J o n e s , 1985). The
18O/16O ratio of carbonate is determined by
the ratio in the water at which the depositi-
on occurs. Most marine carbonates reflect
the δ13C of total dissolved carbon of the wa-
ter in which they form their shell (A n d e r -
s o n  & A r t h u r , 1983).

Samples of M. galloprovincialis were ta-
ken at 22 sampling locations along the E
Adriatic coast. At each site, 5 samples ran-
ging from 2.5 to 5.9 cm in length were col-
lected. Remnant parts of the tissue were re-
moved by plastic knife. For isotopic analysis,
the aragonite and calcite layers of the shells
were separated by careful grinding with em-
ery paper. δ18O and δ13C of both layers were
determined using a dual inlet Varian Mat
250 mass spectrometer. The carbonate was
transformed into CO2 by reacting with anhy-
drous H3PO4 at 55°C under vacuum. NBS 18
and NBS 19 reference materials were used
to report all isotopic signatures in ‰ relati-
ve to the V – PDB (C o p l e n , 1996).

We found out, on average, aragonite is
enriched by 1.1 ‰ in 13C and by 0.2 ‰ in 18O.
The calculated temperatures for M. gallo-

provincialis shell growth from the investi-
gated area range from 17.7 to 24.7°C for
calcite and from 20.5 to 28.3°C for aragoni-
te, which is in good agreement with obser-
ved temperatures. According to our results
of δ18O and δ13C in shell layers of M. gallo-
provincialis we can separate the locations of
the investigated area into three groups: tho-
se of more influence of fresh water, those
with less influence of fresh water and those
of marine environments. Influx of freshwa-
ter into marine environment causes enric-
hment with light stable isotopes (12C and
16O), which is also reflected in carbonate
shells of M. galloprovincialis. The results of
preliminary monitoring showed that shells
are good biomonitors for environmental con-
ditions in water.
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Abstract

A very good landslide susceptibility prediction model was developed for the area in the
perialpine region in the central western Slovenia. Using multivariate statistics the inte-
ractions between spatial factors and landslide distribution were tested, and the importance
of individual factor to the landslide susceptibility was defined. On the basis of the sta-
tistical results several landslide prediction models were developed using the Analytical
Hierarchy Process (AHP) method. These models gave very different results, with a pre-
diction error ranging from 6,89 % to 31,8 %. As a final result of the research, weights of
different spatial factors from the best models calculated with the AHP method were
derived. The results showed that the lithology (31 % variance), the slope inclination (21,2
% variance), land cover type (13,7 % variance), the terrain roughness (10,1 % variance),
and the terrain curvature (8,6 % variance) play an important role in landslide suscepti-
bility in general. Minor roles also play the distance to streams and the distance to struc-
tural elements. These factors weights values were later used as input values in a simple
linear weighted landslide susceptibility prediction model for the area in the Alpine region
(north-western Slovenia). The fact is that the ideal weight’s value of a factor differs from
area to area. Each original weight value used in the new (Alpine) model presented only
the mean of the new weight’s range/distribution, which was used as an input to the linear
model. The analysis of the ideal factors weights in the Alpine area included several
analytical trials, where different factors with different weight distribution were used.
Altogether, almost 65 000 different models were calculated and tested to the landslide
distribution. The best prediction results gave the model, where lithology played the major
role in the landslide susceptibility (30 %), slope inclination contributed less (22 %), and
land cover type contributed 20 % to the landslide susceptibility. The terrain curvature
contributed 16 % to the landslide susceptibility. The distance to streams 10 % and the
distance to structural elements contributed 2 % to the landslide susceptibility. When the
importance of the synchronism of strata dipping and slope aspect was tested, this factor
showed to be very significant (18 % - 22 %). The application of calculated weights from
one area into another showed that general principles of spatial factor significance do exist,
although they differ in some extent. This proof could be effectively used for fast and
relatively inexpensive assessments of landslide susceptibility predictions in the remote and
inaccessible regions such as are Alpine areas, but one should always bear in mind that
some site specific spatial factors, i.e. synchronism of strata dipping and slope aspect, also
play an important role in the landslide susceptibility, especially in the steep areas.

Kratka vsebina

Za obmo~je v predalpskem svetu osrednje Slovenije je bil s pomo~jo multivairatne
statistike razvit kvaliteten model napovedi verjetnosti pojavljanja plazov. Pri izdelavi
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Introduction

The occurrence of spatially distributed
events or phenomena is the result of nume-
rous interacting spatial and temporal fac-
tors. To predict these events is always a
tricky task. Even trickier is the application
of the prediction results from one research
area to another without loosening the rules
that model is based on. It is not very diffi-
cult to apply a model to some other area
than the learning one, if model’s rules are
universal. When predicting landslide suscep-
tibility this is a rare case, since the combina-
tions of different factors that influence the
spatial distribution and those that govern
the triggering conditions are numerous and
site specific. Or aren’t they?

In the most ideal circumstances of course,
only one model for each type of phenomenon
would be enough for a prediction of the same
phenomenon anywhere. There are several re-
asons/obstacles that indicate the restrictions
of model applicability. Those reasons are (1)
spatial and temporal diversity of the pheno-

modela je bil dolo~en vpliv posameznih prostorskih dejavnikov na pojavljanje plazov,
njihovo medsebojno delovanje in pomembnost dejavnikov pri pojavljanju plazov. Na pod-
lagi statisti~nih rezultatov je bilo z uporabo metode Analytical Hierarchy Process (AHP)
izdelanih ve~ modelov napovedi verjetnosti pojavljanja plazov, ki so dali zelo razli~ne
rezultate napovedi. Natan~nost napovedi se je gibala med 6,89 % in 31,8 %. Z metodo AHP
so bili za najbolj{e modele izra~unani dele‘i vpliva prostorskih dejavnikov na pojavljanje
plazov. Rezultati so pokazali, da igra pri napovedi pojavljanja plazov litologija najpo-
membnej{o vlogo (31 % variance), sledijo ji naklon pobo~ij (21,2 % variance), raba tal (13,7
% variance), razgibanost terena (10,1 % variance) in ukrivljenost terena (8,6 %). Manj{i
vlogi pripadata dejavnikoma odda1jenosti od povr{inskih tokov in od strukturnih elemen-
tov (prelomov in narivov). Ti podatki o pomembnosti prostorskih dejavnikov so bili nato
uporabljeni kot vhodni ute‘ni podatki pri izdelavi modela napovedi verjetnosti pojavljanja
plazov za obmo~je v alpskem svetu severo-zahodne Slovenije. Pri~akovati je, da se vre-
dnosti ute‘i prostorskih dejavnikov razlikujejo od lokacije do lokacije, kar postavlja pod
vpra{aj uporabnost modela napovedi oz. vrednosti ute‘i predalpskega obmo~ja pri izdelavi
modela napovedi za alpsko obmo~je. Uporabljene vrednosti ute‘i iz predalpskega modela
so v novem, alpskem modelu linearno ute‘ene vsote predstavljale srednje vrednosti raz-
ponov ute‘i. Iskanje idealnih ute‘i vplivnih dejavnikov na pojavljanje plazov v Alpskem
svetu je bilo sestavljeno iz ve~ analiti~nih poskusov, pri katerih so bili uporabljeni razli~ni
razponi ute‘i za razli~ne prostorske dejavnike. Skupaj je bilo izdelanih in testiranih na
pojavljanje plazov skoraj 65.000 razli~nih matemati~nih modelov. Modeli z najbolj{imi
rezultati napovedi so pokazali, da igra pri napovedi verjetnosti pojavljanja plazov v
alpskem modelu, tako kot pri predalpskem modelu, litologija najpomembnej{o vlogo (30
%), z 22 % ji sledi naklon pobo~ij, z 20 % pa raba tal. Ukrivljenost pobo~ij prispeva k
napovedi 16 %, oddaljenost od povr{inskih tokov 10 % in oddaljenost od strukturnih
elementov 2 %. Pri modelih, v katere je bil vklju~en dejavnik sinhronosti vpadov plasti
z usmerjenostjo pobo~ij, se je izkazalo, da je ta dejavnik vsaj tako pomemben kot raba
tal (18 % - 22 %). Prenos vrednosti ute‘i prostorskih dejavnikov iz enega obmo~ja na drugo
je kljub manj{im odstopanjem pokazal, da obstajajo neka splo{na na~ela vpliva dejavnikov
na pojavljanje plazov, kar bi bila lahko dobra osnova za enostavno in relativno hitro
izdelavo ocene verjetnosti pojavljanja plazov na nedostopnih obmo~jih, ki jih v alpskem
svetu ne manjka. Obenem je nujno upo{tevati dejstvo, da lahko lokalno specifi~ni dejavniki
mo~no spremenijo verjetnost pojavljanja plazov.

menon governing factors, (2) inexact definiti-
ons of phenomena, (3) misclassification of
phenomena, and (4) inaccuracy of the data on
governing factors. Since it is almost impossi-
ble to overcome all the obstacles given above,
the prediction models’ usefulness’ is limited.

The paper will show the development of
linear weighted landslide susceptibility pre-
diction model using multivariate statistics
and Analytical Hierarchy Process (AHP), its
accuracy testing in the same area, and its
application to the non-related, distant area.
The testing of the landslide susceptibility
prediction applicability will be carried out
with numerous models with varying factors’
weights values. The results will show the
level of the applicability of perialpine land-
slide susceptibility model to the Alpine area.

The research will only take into account
the causal factors, since the triggering fac-
tors are rather difficult to predict and to
model, due to their temporal variation. De-
spite their complexity some researchers did
try to tackle the problem (K o j i m a  & O b a -
y a s h i , 2002; 2004).
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Study area and data used

The landslide susceptibility prediction
model was developed in the perialpine area
in the central Slovenia. The area that spre-
ads approximately 1220 square kilometres
(35×35 km) and lies in the central part of
Slovenia, west of Ljubljana, its capital. The
model was later applied to the municipality
of Bovec (367 km2) that lies in the Alpine
region in the north-western part of Slove-
nia. Both areas are shown in Figure 1.

elevation model (DEM) data were obtained
from the national 25 m resolution InSAR
DEM 25 (Survey and Mapping Administra-
tion, 2000). All the additional data on the
terrain morphology (curvature, elevation,
slope, aspect, basins, and primary slope-
units) were derived from the DEM. The “Ba-
sic Geological Map at the scale of 1:100 000”
served as a source for the geologic data of
the perialpine area, and for the Alpine area
the 1:25 000 scaled geological map was used.
For the land use and the vegetation cover in

Fig. 1. Research (perialpine) area and application (Alpine) area.

Slika 1. Obravnavano predalpsko obmo~je in alpsko obmo~je uporabe razvitega modela.

For the purpose of model development
the spatial factors’ data that have already
been proven by many authors (C a r r a r a ,
1983; C a r r a r a , at al. 1991; K o j i m a  et al.,
2000; F a b b r i  et al., 2003; C r o z i e r  &
G l a d e , 2005) to be relevant to the landslide
susceptibility were gathered. The landslide
data were obtained from the landslide data-
base that was constructed at Geological Sur-
vey of Slovenia. For the perialpine area, it
consists of the data on 614 landslides, and
27 landslides for the Alpine area. The digital

the perialpine region, satellite images from
different sources were used and combined,
using PCA (Principal Component Analysis)
merging method, where the first principal
component image from the multi-spectral
satellite data was replaced with the first
principal component image of the high-re-
solution part. The multi-spectral part of the
satellite data was obtained from the Land-
sat-5 TM images, and the high-resolution
part was obtained from the Resurs-F2 MK-
4 images. For the land use and the vegetati-



144 Marko Komac

on cover in the Alpine region, already classi-
fied and interpreted data from orthophoto
were used (Ministry of Agriculture, Forestry
and Nutrition, 2004). The topologic map in
scale 1:50 000 was used as a source of the
surface water data (Survey and Mapping Ad-
ministration, 1994).

Methodology

The whole process was divided into two
phases. In the first phase the models were
developed and tested on the data from the
learning area (perialpine area) and in the
second phase, the developed models were
applied to the Alpine area, and their accu-
racy and applicability was assessed. Figure
2 presents the whole process of model deve-
lopment and its application.

Perialpine area modelling

Univariate statistical analyses (Kolmogo-
rov-Smirnov test and Chi-square test) were
performed to confirm the role of a specific
factor or to rule it out. Prior to the multiva-
riate statistical analysis, the study area was
automatically divided to 78365 slope units
(C a r r a r a , 1983; C a r r a r a  et al., 1991; Van
W e s t e n , 1993; A r d i z z o n e  et al., 2002),
for which 24 new statistical variables were
calculated. The division of the area into the
slope units was necessary step due to the
point nature of the landslide data. Based on
its temporal distribution the perialpine land-
slide data set was divided into the learning
set (65 %) and into the testing set (35 %).
Using multivariate statistical analysis, the
interactions between factors and landslide
learning set distribution were tested. As a
result the importance of individual factors
on the landslide occurrence was defined. The
results from the multivariate statistical
analyses were used for defining the relations
between spatial factors prior to the AHP
(Analytical Hierarchy Process) model deve-
lopment. For the model development, the
results from multivariate analyses, both li-
near regression and factor analysis, were
used. One part of the models was developed
using the values from statistical analyses for
defining subjectively the relationship values
between different factors. The rest of the

models were developed by importing the cal-
culated relationship values between diffe-
rent factors, based on their statistical func-
tion values, into the AHP matrixes. The
application of the AHP method, developed
by S a a t y  (1977), on the landslide predicti-
on has been shown before (B a r r e d o  et al.,
2000; M w a s i , 2001; N i e  et al., 2001) and it
was used to more transparently define the
factors that govern the landslide occurren-
ce. For all the models, where AHP was used,
the CR (Consistency Ratio) was calculated
and those with CR higher than 0.1 were im-
mediately eliminated. For more details refer
to K o m a c  (2005).

Taking into account the normal distribu-
tion of the results, an approximation was
done, where in each of the model, the hig-
hest value represents the highest landslide
susceptibility, and vice versa, the lowest va-
lue represents the lowest landslide suscepti-
bility. Considering the normal distribution,
the mean represents the crude boundary bet-
ween the landslide “safe” and landslide pro-
ne areas. Models were then tested for their
landslide susceptibility accuracy on the te-
sting set. The slope unit(s) with landslide(s)
where the landslide susceptibility was lower
than the model’s mean value represented the
error.

Alpine area modelling

For each spatial factor the weigh value
from the best perialpine model represented
the mean value of the weights’ uniform di-
stribution in the model application phase in
the Alpine area. All the models calculated
for the Alpine area were tested for their ac-
curacy to the known landslide distribution
in the same area. For the test areas, the up-
per 20 % of the landslide area was taken.
The estimation was made that roughly up-
per one fifth of the landslide area represents
the triggering area that actually represents
the area influenced by causal factors. Prior
to the model calculation each spatial fac-
tor’s data were classified according to land-
slide susceptibility and standardised since
the calculations are based on linear weigh-
ted equations. After the model calculation
and prior to the test, all the models were
normalised, like in the case of perialpine
area model testing. Almost 65 000 models
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were calculated and tested. The landslide
cells that occurred in areas below the mo-
del’s mean value represented the error. For
the landslide susceptibility factor classifica-
tion random 2/3 (671 cells) of the Alpine
landslide population was taken. The rest, 1/
3 (269 cells) of the population was used for
the susceptibility model testing.

ble 1 shows the modelling results for the
perialpine area.

Various factor combinations and weight
values for the seven Alpine modelling trials
are presented in the Table 1. There are three
statistical variables used in the perialpine
models that were not applied to the Alpine
are, at least not directly. Variables terrain

Fig. 2. Flowchart of the development and application process.

Slika 2. Diagram procesa izgradnje modela napovedi verjetnosti pojavljanja plazov in prenosa
rezultatov na drugo obmo~je.

Results and discussion

Model’s prediction capability of the land-
slide susceptibility is expressed in the term
of error, in other words, in the term of num-
ber of landslide cells that fall in the areas of
low landslide susceptibility. The errors of
perialpine landslide susceptibility models
ranged from 6,89 % to 31,8 %. The best
model, based on the results of the factor
analysis, showed that lithology plays the
most important role (31 % of variance) in
the landslide susceptibility. Slope inclinati-
on is also important and accounts for 21,2 %
of variance, land cover type accounts for
13,7 % of variance, the terrain roughness for
10,1 % of variance. The terrain curvature is
responsible for 8,6 % of variance, lithologic
diversity for 5,5 %, and land cover diversity
for 3,9 % of variance. Distance to streams
and distance to structural elements (faults
and thrusts) also play a role, but a minor
one. They account for 3,6 % and 2,3 % of
variance respectively. The second row of Ta-

roughness, lithologic diversity and land co-
ver diversity are in the case of Alpine area
incorporated into terrain curvature or slope
inclination, lithology, and land cover respec-
tively. There is also one variable that was
introduced to the Alpine prediction model
and it was not analysed in the perialpine
prediction model, the synchronism between
the strata dipping and slope orientation and
angle. The purpose of the inclusion was to
test the importance of the synchronicity in
the landslide susceptibility modelling.

For every combination the model error
was calculated based on the principle that is
given in the previous chapter. Table 2 lists
the range of error for each trial. The span of
the errors is between 4,07 % and 66,4 %. The
results in Table 2 clearly show that the er-
rors of the Alpine models are smaller in tri-
als, where the weights’ values were similar
to the weights’ values of perialpine area.
Results of the 8th, 9th and 13th trial, where all
the factors used, except the elevation factor
that was used only in the 8th trial, confirm
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Explanation to the Table 1 / Razlaga k Preglednici 1: Perialpine area / predalpsko obmo~je; Alpine
area / alpsko obmo~je; No. models / {t. modelov; Spatial factor / Prostorski dejavnik; Weight / Ute‘; Max
– Maximum value / Najve~ja vrednost; Min – Minimum value / Najmanj{a vrednost; Step / Korak; Litho
– Lithology / Litologija; Slope – Slope inclination / Naklon pobo~ij; LC – Land cover type / Raba tal;
Rough – Terrain roughness / Razgibanost terena; Curv – Terrain curvature / Ukrivljenost pobo~ij; Litho.
divers. – Lithologic diversity / Litolo{ka raznolikost; LC divers. – Land cover type diversity / Raznolikost
rabe tal; Dist. streams – Distance to streams / Oddaljneost od povr{inskih tokov; Dist. struct. el. – Distance
to structural elements / Oddaljenost od strukturnih elementov; Synchro – Strata dip/slope orientation
synchronism / Sinhronost vpadov plasti z usmerjenostjo pobo~ij; Asp – Slope aspect / Usmerjenost
pobo~ij; Elev – Elevation / Nadmorska vi{ina.

Table 1. Weights’ values for perialpine and Alpine area.

Preglednica 1. Vrednosti ute‘i za predalpski model in za alpski model napovedi.

Area
No. 

models
Spatial 
factor

Litho Slope LC Rough Curv
Litho. 
divers.

LC 
divers.

Dist. 
streams

Dist. 
struct. el.

Synchro Asp Elev

Perialpine area 28 Weight 0,31 0,212 0,137 0,101 0,086 0,055 0,039 0,036 0,023 - - -

Alpine area 
– trial 1

2435
Max 0,39 0,34 0,19 - 0,08 - - - - 0,19 - -

Min 0,2 0,15 0,1 - 0,05 - - - - 0,1 - -

Step 0,01 0,01 0,01 - 0,01 - - - - 0,01 - -

Alpine area 
– trial 2

460
Max 0,38 0,33 0,2 - 0,07 - - - - 0,2 - -

Min 0,2 0,15 0,1 - 0,05 - - - - 0,1 - -

Step 0,02 0,02 0,02 - 0,02 - - - - 0,02 - -

Alpine area 
– trial 3

9308
Max 0,5 0,5 - - 0,5 - - 0,5 0,5 0,05 - -

Min 0 0 - - 0 - - 0 0 0 - -

Step 0,05 0,05 - - 0,05 - - 0,05 0,05 0,05 - -

Alpine area 
– trial 4

17654
Max 0,38 0,38 0,38 - 0,38 - - - - 0,38 - -

Min 0,1 0,1 0,1 - 0,1 - - - - 0,1 - -

Step 0,02 0,02 0,02 - 0,02 - - - - 0,02 - -

Alpine area 
– trial 5

12199
Max 1 1 1 - 1 - - 1 1 - 1 1

Min 0 0 0 - 0 - - 0 0 - 0 0

Step 0,1 0,1 0,1 - 0,1 - - 0,1 0,1 - 0,1 0,1

Alpine area 
– trial 6

3219
Max 0,45 0,35 0,3 - 0,15 - - 0,1 0,1 - 0,02 0,15

Min 0,2 0,1 0,1 - 0,05 - - 0 0 - 0 0

Step 0,05 0,05 0,05 - 0,05 - - 0,05 0,05 - 0,01 0,05

Alpine area 
– trial 7

1711
Max 0,4 0,3 - - 0,1 - - 0,1 0,1 0,3 - -

Min 0,2 0,1 - - 0,05 - - 0 0 0,1 - -

Step 0,05 0,05 - 0,05 - - 0,05 0,05 0,05 - -

Alpine area 
– trial 8

909
Max 1 1 1 - 1 - - 1 1 1 1 1

Min 0 0 0 - 0 - - 0 0 0 0 0

Step 0,2 0,2 0,2 - 0,2 - - 0,2 0,2 0,2 0,2 0,2

Alpine area 
– trial 9

3016

Max 0,7 0,7 0,7 - 0,7 - - 0,7 0,7 0,7 1 -

Min 0 0 0 - 0 - - 0 0 0 0 -

Step 0,1 0,1 0,1 - 0,1 - - 0,1 0,1 0,1 0,1 -

Alpine area 
– trial 10

273

Max 1 1 - - 1 - - - - 1 - -

Min 0 0 - - 0 - - - - 0 - -

Step 0,1 0,1 - - 0,1 - - - - 0,1 - -

Alpine area 
– trial 11

273

Max - 1 1 - 1 - - - - 1 - -

Min - 0 0 - 0 - - - - 0 - -

Step - 0,1 0,1 - 0,1 - - - - 0,1 - -

Alpine area 
– trial 12

273

Max - 1 - - 1 - - 1 1 - - -

Min - 0 - - 0 - - 0 0 - - -

Step - 0,1 - - 0,1 - - 0,1 0,1 - - -

Alpine area 
– trial 13

9000

Max 1 1 1 - 1 - - 1 1 1 1 -

Min 0 0 0 - 0 - - 0 0 0,1 0 -

Step 0,1 0,1 0,1 - 0,1 - - 0,1 0,1 0,1 0,1 -

Alpine area 
– trial 14

4872

Max 0,42 0,3 0,2 - 0,2 - - 0,1 0,1 - - -

Min 0,3 0,2 0,1 - 0,1 - - 0 0 - - -

Step 0,02 0,02 0,02 - 0,02 - - 0,02 0,02 - - -
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that the factors’ weights are important, and
that random selection of the values gives
worst results.

Where lithology, slope inclination and
land use cover were excluded or played mi-
nor roles in models, models gave the worst
prediction results with error around 66 %.
Vice versa, the best results of models, where
synchronism was not included but also slope
aspect and elevation factors were included,
showed that in the case of coarse weights (5th

trial) the land-cover factor played the most
important role (80 %) with the lithology pla-
ying a minor role (20 %). When analysis was
done on more precise weight values (6th tri-
al), the results were different. The lithology
accounted for 23 %, the slope inclination for
20 %, the land-cover type for 30 %, the ter-
rain curvature and distance to streams each
for 10 %, the elevation for 5 %, and the slope
aspect accounted for 2 %.

Results of the 14th trial, where the same
factors were used for the susceptibility mo-
del development as for the perialpine land-
slide susceptibility model, showed that the
lithology accounts for 30 % of the suscepti-
bility model, slope inclination for 22 %, and
land cover type for 20 %. The terrain curva-
ture covers for 16 %, and the rest is split
between the distance to streams (10 %) and
the distance to structural elements (2 %).

Where lithology was not included, results
were surprisingly good. In the 11th trial the
land-cover factor accounted for 90 % and
the terrain curvature for 10 %. The results
of the 12th trial show that slope inclination
and distance to streams play an equal role
(50 %).

When the synchronism was included in
the modelling landslide susceptibility, it ac-
counted for the 18 % - 22 % (1st, 2nd and 4th

trial). The rest of the included spatial fac-
tors bore more or less the same importance
as in the model where synchronism between
the strata dipping and slope orientation was
not included. When the two “distance to”
factors were excluded from the model, the
lithology accounted for 12 % - 30 %, the
slope inclination for 18 % - 33 %, the land-
cover type for 18 % - 36 %, and the terrain
curvature for 5 % - 10 %. When the land-
cover factor was excluded from the model,
the lithology accounted for 25 % - 40 %, the
slope inclination for 5 % - 30 %, the terrain
curvature for 10 % - 50 %, the distance to

streams for 5 % - 10 %, and the distance to
structural elements for 0 % - 10 %.

The best overall results (4,6 % - 6,5 %
error) were achieved when the land-cover
factor played the most important role (70 %
- 90 %), and the rest was accounted for the
lithology, the slope aspect, the terrain cur-
vature, or for the synchronism.

The factors’ weights values for the best
models, calculated in 1st, 4th, 7thand 14th trial
are shown in the Table 3 under rows “Alpine
M1”, “Alpine M4”, “Alpine M7” and “Alpi-
ne M14” respectively.

The factors’ weights values of the best
models for the Alpine area are compared in
the Table 3. For comparison also the we-
ights’ values for the best perialpine model
are given (Perialpine PM1). If it is assumed
that the factors “Lithological diversity”,
“Land cover diversity” and “Terrain rough-
ness” can be represented with factors “Lit-
hology”, “Land cover”, and “Terrain curva-
ture” or “Slope inclination” respectively, it
is clear, that the correlation between the
spatial factors of the two comparable mo-
dels exists (Spearman R = 0,942857; for PM1
and M14).

Figure 3 shows the area distribution of
the landslide susceptibility classes for the
model, in which the perialpine factors’ we-
ight values were directly applied to the Al-
pine model (PM1; error = 22,98 %), the best
Alpine models, from trials where the
synchronism factor was included (M1; error
= 17,34 %, M4; error = 6,78 %), the best
Alpine model, from trials where the synchro-
nism was included and land-cover factor was
excluded (M7; error = 21,95 %), and the best
Alpine model, in which the synchronism was
not included (M14; error = 17,07 %). LSP1,
LS1, LS4, LS7, and LS14 represent the cu-
mulative distribution of landslides for mo-
dels M1 to M14 respectively.

The Alpine (M14) model and perialpine
model are shown in Figure 4. Darker areas
represent higher landslide susceptibility.

The results suggest that same spatial fac-
tors with slightly different importance go-
vern the landslide occurrence in the Alpine
region in comparison to the perialpine regi-
on. The role of land-cover factor is defini-
tely an important one, but some facts have
to be considered. The land-cover data was
obtained from the Ministry of Agriculture,
where the importance is focused on agricul-
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tural land and the rest land-cover types are
not defined in detail. Hence the generalisa-
tion effect of the land-cover data and the
resulted over-estimated importance of the
factor. Considering the fact of the over-esti-
mation of the land-cover factor, the best Al-
pine model (M14) gives similar results as the
one developed for the perialpine region. Ne-
vertheless the relations between weights of
spatial factors in the perialpine model (PM1)
and Alpine model (M14) are very similar,
which gives a confirmation to the universa-
lity of the landslide susceptibility model-
ling.

Concluding remarks

It has been shown that some uniform prin-
ciples of interaction between the spatial fac-
tors that govern the landslide occurrence and
the landslide susceptibility do exist, inde-

pendently of the location. If simplified, the-
se interactions can be represented in a form
of linear weighted equations or models.
Landslide susceptibility is governed by nu-
merous spatial factors that can be cut down
to several important ones, the lithological
properties, the slope inclination, the land
use, the curvature, the distance to streams
and the distance to structural elements.
When the synchronism between strata dip-
ping and slope orientation was used in the
modelling of landslide susceptibility, the re-
sults have shown that this factor was as im-
portant as the land-cover type (M1), or as
important as the terrain curvature and the
distance to streams (M14), or even more im-
portant than lithology (M4). In the case of
the Alpine susceptibility models, the inde-
pendency and correlation between spatial
factors were not analysed, but it is clear that
they exist. This is also the important but
unfortunately missing part of most landsli-

Alpine area Error
Error
(%)

Alpine area
Error

Error 
(%)

Trial 1
Poskus 1

Max 90 24,39% Trial 8
Poskus 8

Max 245 66,40%

Min 64 17,34% Min 24 6,50%

Trial 2
Poskus 2

Max 90 24,39% Trial 9
Poskus 9

Max 245 66,40%

Min 55 14,91% Min 24 6,50%

Trial 3
Poskus 3

Max 162 43,90% Trial 10
Poskus 10

Max 174 47,15%

Min 24 6,50% Min 68 18,43%

Trial 4
Poskus 4

Max 116 31,44% Trial 11
Poskus 11

Max 154 41,73%

Min 25 6,78% Min 15 4,07%

Trial 5
Poskus 5

Max 176 47,70% Trial 12
Poskus 12

Max 145 39,30%

Min 24 6,50% Min 51 13,82%

Trial 6
Poskus 6

Max 101 27,37% Trial 13
Poskus 13

Max 245 66,40%

Min 36 9,76% Min 24 6,50%

Trial 7
Poskus 7

Max 96 26,02% Trial 14
Poskus 14

Max 102 27,64%

Min 81 21,95% Min 63 17,07%

Model Litho Slope LC Curv
Dist.

struct. 
el.

Dist.
streams Asp Elev Synchro Rough. Litho. 

divers.
LC 

divers.

Perialpine
PM1 36,5 % 26,25 % 17,6 % 13,65 % 3,6 % 2,3 % - - - In Slope

& Curv
In

Litho In LC

Alpine M1 28 % 30 % 18 % 6 % - - - - 18 % - - -

Alpine M4 12 % 5 % 50 % 10 % - - - - 22 % - - -

Alpine M7 40 % 30 % - 10 % 0 % 10 % 0 % - 10 % - - -

Alpine M14 30 % 22 % 20 % 16 % 2 % 10 % - - - - - -

Table 2. Error range
for each trial.

Preglednica 2. Razpon
napak napovedi za
posamezni analti~ni

poskus

Explanation to the
Table 2 / Razlaga k
Preglednici 2:Error -
Prediction error of
model / Napaka

Table 3. Weight values of best models for perialpine and Alpine area.

Preglednica 3. Vrednosti ute`i pri najbolj{ih modelih napovedi (predalpski in alpski).

The acronyms are the same as in Table 1. / Razlaga je enaka tisti za Preglednico 1.
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de susceptibility analyses done in recent ye-
ars by numerous researchers. The analyses
for the purpose of assessment of model ap-
plicability were done based on the absolute
simplification of the landslide susceptibility
model. The interaction or correlation betwe-
en the synchronism and other spatial factors
remains to be analysed.

The results would be even more realistic
and reliable if more landslides would be in-
cluded in the study, since the landslide po-
pulation would be more representative.

The rock-fall phenomena was not analy-
sed in this research since it is clearly gover-
ned by slightly different spatial factors’ in-
teractions and by additional spatial factors,
like frosting/thawing process etc.

The results of the research are interesting
from several aspects. They give a good over-
view of the models’ inter-spatial applicabi-
lity, and at the same time give an overview
of factor’s influence to model errors due to
the change in the factor’s value.

Successful inter-spatial application of the
landslide susceptibility models to some ex-
tent has been shown. The differences betwe-
en diverse regions still pose problems to mo-
del’s simple application from one region to
another. To a certain degree of error, these
inter-spatial models are applicable. For mo-
re accurate or even for a universal landslide
susceptibility model these obstacles will pro-
bably be overcome only when really abun-
dant, detailed and sufficient spatial data will

Fig. 3. Distribution of area for
susceptibility models (PM1, M1,

M4, M7 and M14) and
cumulative distribution of

landslides (LSP1, LS1, LS4, LS7
and LS14) according to the

normalised landslide
susceptibility classes of models

PM1, M1, M4, M7 and M14
respectively.

Slika 3. Porazdelitev povr{in
razredov verjetnosti pojavljanja

plazov za modele (PM1, M1, M4,
M7 in M14) in kumulativna

porazdelitev plazov (LSP1, LS1,
LS4, LS7 in LS14) glede na

normalizirane razrede verjetnosti
pojavljanja plazov za modele

PM1, M1, M4, M7 in M14.

Fig. 4. Alpine landslide susceptibility model M14 (left) and perialpine landslide susceptibility model
(right).

Slika 4. Alpski model napovedi verjetnosti pojavljanja plazov M14 (levo) in predalpski model
napovedi verjetnosti pojavljanja plazov (desno).
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be available. Until then the uncertainty of
the interpolated spatial data is too big and
the phenomena observed too complex to eas-
ily overcome the problem of its diversity in
space and time.
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Ali smo ogro‘eni kadar tvegamo? Pojmi in izrazje teorije tveganj
zaradi naravnih, geolo{ko pogojenih nevarnosti

Are we under threat when we risk? Notions and terminology of risk theory due
to geological hazards
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Klju~ne besede: naravne nesre~e, rizi~ni mened‘ment, nevarnost, ranljivost, tveganje,
ogro‘enost, tveganost, preventivno delovanje, izrazoslovje

Key words: natural disasters, risk management, hazard, vulnerability, risk, specific
risk, total risk, preventive action, terminology

Kratka vsebina

Dobra terminolo{ka opredelitev pojmov s podro~ja naravnih in drugih nesre~ omogo~a
kakovostno strokovno razpravo in poglobljeno izmenjavo znanj razli~nih strokovnjakov
na tem interdisciplinarnem podro~ju. Iz svetovne literature je povzeto pojmovanje temelj-
nih izrazov kot so nevarnost, tveganje in nesre~a. V nadaljevanju je podrobno opisan
pomen tudi {tevilnih drugih relevantnih izrazov na podro~ju rizi~nega mened‘menta, na
primer ranljivosti in ogro‘enosti. Predlagana je enotna raba pojmovnega in izraznega
sosledja “nevarnost-ogro‘enost-tveganost”.

Abstract

Well explained terminology in the field of natural and other disasters makes possible
qualitative professional discussion and full exchange of knowledge between different
professionals in this interdisciplinary field. From literature we extract definitions of terms
hazard, risk and disaster. Additionally, we show also the detailed meaning of a sequence
of other relevant terms in the field of risk management such as vulnerability and specific
risk. Unified use of the conceptual and terminological sequence “hazard-specific risk-
risk” is suggested.

Uvod

Vedno znova se potrjuje dejstvo, da kako-
vostna presoja tveganj v zvezi z naravnimi
in drugimi nesre~ami ni mogo~a brez upora-
be nedvoumno opredeljenih temeljnih poj-
mov in ustrezno izbranih pripadajo~ih izra-
zov. [tevilni izrazi s tega podro~ja, na primer
tveganje, hazard, nevarnost, riziko, ogro‘e-
nost, ranljivost, vulnerabilnost in podobno,

se pogosto uporabljajo kot sopomenke, kar
zamegljuje natan~nost sporazumevanja in
ostrino strokovne razprave. Problem posta-
ne akuten zlasti pri prenosu strokovnih
znanj iz tujih govornih podro~ij ter usklaje-
vanju definicij z doma~im razpolo‘ljivim iz-
razjem. Tako ‘e desetletja govorimo o
“upravljanju s tveganjem”, kot se pogosto
prevaja angle{ki izraz “risk management”,
~eprav s tveganjem te‘je upravljamo kot ga
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na primer obvladujemo, in {e vedno lahko
zasledimo od avtorja do avtorja razli~ne raz-
lage pojmov in pripadajo~ih izrazov. To sa-
mo po sebi sicer ni problemati~no dokler se
nahajamo znotraj enotnega izraznega siste-
ma, vedno ve~ja potreba po multidiscipli-
narnosti pa nas postavlja pred dejstvo, da je
treba poiskati enotno dogovorno re{itev gle-
de izrazja s podro~ja ti. “rizi~nega mened‘-
menta (!)”.

Razvitje modela tveganj zaradi naravnih
nevarnosti ni enostavno, ve~inoma zaradi
ujetosti v lastno izrazje, saj pomenu posa-
meznih besed ve~inoma manjka potrebna
natan~nost. Te‘avno je {e zlasti zato, ker ti
pojmi nastopajo tudi v vsakdanji jezikovni
rabi, da ne omenjamo prevajanja v razne
jezike, pri ~emer ti termini prevzamejo {e
{ir{i obseg definicij (V a r n e s , 1984). ^eprav
so naravni dogodki, nevarnosti in nesre~e od
nekdaj globoko vplivali na dru‘bo, se je mo-
derna analiza nevarnosti za~ela {ele v prvi
polovici prej{njega stoletja. Ker je popular-
nost raziskav v zvezi z nevarnostmi nara{~a-
la, so v sedemdesetih White in drugi raz-
iskovalci razvili {tudijsko podro~je, ki je
izzvalo znanstvenike vsega sveta k nadalj-
njemu razvijanju modela naravnih nevarno-
sti (S m i t h , 2004).

Nevarnost in “hazard”

Raziskovanje pojma naravne nevarnosti
se je verjetno za~elo kot preu~evanje dru‘-
beno kulturolo{kih zaznav izjemnih dogod-
kov, ki se pojavljajo v naravi. Samo preu~e-
vanje naravnih nevarnosti verjetno sega v
leto 79, ko je bil detajlno zabele‘en izbruh
Vezuva, vendar je od tistega ~asa znanje na-
predovalo predvsem na podro~ju obravna-
vanja naravnih pojavov kot izoliranih geofi-
zikalnih dogodkov, ki niso v zvezi z dru‘bo,
njeno stopnjo ranljivosti in sposobnosti od-
ziva na nevarnost. [tevilni znanstveniki so
dogodke videli kot nekaj, kar lahko kontro-
liramo s spremembo krajine in in‘enirskimi
re{itvami (Smith 2004). Znotraj tega je ob-
stajala dilema med idejo, da se geofizikalni
dogodki v sedanjosti pojavljajo z enako frek-
venco, jakostjo in u~inki kot so se v prete-
klosti in skozi celotno zemeljsko zgodovino
ter idejo, da zgodovino Zemlje lahko tolma-
~imo kot serijo katastrofi~nih dogodkov
(A l e x a n d e r , 2000).

Naravni dogodek (geolo{ki, geomorfo-
lo{ki, klimatolo{ki, … ) je preprosto naravni
pojav ali proces oziroma kot navaja W h i t e
(1974): “katerikoli dogodek v geofizikalnem
sistemu, ki izkazuje relativno visoko varian-
co”, medtem ko je naravna nevarnost poten-
cialno nevarna ~love{kim `ivljenjem in ma-
terialnim dobrinam ali povedano druga~e:
“Naravna nevarnost je objektivno groze~a
nesre~a zaradi nevarnega procesa v naravi
in povezuje vse poteke in vplive narave, ki
so lahko {kodljivi za osebe in/ali stvari” (K i -
e n h o l z  et al., 1998).

Najbolj raz{irjena je definicija nevarnosti
kot “verjetnost nastopa potencialno nevar-
nega pojava v dolo~enem ~asovnem interva-
lu in na nekem obmo~ju“ (V a r n e s , 1984).

Ameri{ki geolo{ki in{titut opredeljuje ne-
varnost kot “geolo{ko stanje ali pojav, ki se
pojavlja v naravi ali ga je povzro~il ~lovek,
in predstavlja tveganje oziroma je potenci-
alno nevaren za `ivljenja ali lastnino” (A l e -
x a n d e r , 1993).

“Nevarnost je najopaznej{a kot proces, ki
se pojavlja v naravi ali ga je spro`il ~lovek
oziroma kot dogodek s potencialom ustvari-
ti izgubo” (S m i t h , 2004).

“Nevarnost je stanje, razmere ali potek,
iz katerega lahko nastane {koda. Je mo`nost
nastopa nevarnega procesa s povzro~itvijo
{kode. Obstajajo tri vrste nevarnosti: izpe-
ljana (ni dokazana za neko mesto), pogojna
(v sedanjih okoli{~inah ne obstaja) in doka-
zana (ponekod deluje in pu{~a sledi, kakor
je dokazano)” (K i e n h o l z  et al., 1998).

Ve~ina avtorjev se strinja, da mora defi-
nicija nevarnosti vklju~evati interakcijo med
ljudmi in dogodkom:

– “Nevarnost vklju~uje ~love{ko popula-
cijo, ki je podvr`ena tveganju zaradi geofizi-
kalnih dogodkov“ (A l e x a n d e r , 1993).

– “Nevarnost je naravni dogodek, ki ogro-
`a `ivljenja in lastnino” (W h i t t o w , 1980).

– “Je potencialna gro`nja ljudem in nji-
hovim dobrinam” (S m i t h , 2004).

Vendar pa te definicije ne upo{tevajo po-
membnosti razli~ne percepcije pojma nevar-
nosti s strani posameznika in/ali dru‘be, ki
v razli~nih svetovnih regijah izjemne dogod-
ke razli~no zaznava in jih torej tudi razli~no
klasificira. W h i t e  (1975) meni, da naravne
nevarnosti ne morejo obstajati lo~eno od
~love{ke prilagoditve tem nevarnostim, po-
enostavljeno re~eno, ~love{ka prisotnost ust-
varja nevarnost. S tem se strinjajo tudi B u r -
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t o n  et al. (1978): “Nesre~ ne povzro~ajo le
fizikalni pojavi sami, raba tal in gostota po-
selitve sta tudi glavna dejavnika, ki prispe-
vata k nesre~am”. V preglednici 1 so oprede-
ljene osnovne zna~ilnosti nevarnosti.

Trditev, da ~love{ka prisotnost ustvarja
nevarnost, je vezana na dihotomijo natura-
kultura in spro‘i vpra{anje, ali z antropo-
centri~nega gledi{~a dopu{~amo obstoj ne-
varnosti, ki ne u~inkuje na kulturo, je pa
objektivna v naravnem okolju, na primer
u~inek vulkanskega prahu, pepela in drugih
snovi na lokalni ‘ivalski in rastlinski ekosi-
stem. ^e taka nevarnost obstaja in je kulturi
lahko nevarna le posredno, potem je narav-
na nevarnost objektivni del nature, ki pa
ima v zvezi s potencialom vplivanja na kul-
turo tudi svojo subjektivno plat. Torej lahko
s tega stali{~a zaklju~imo, da je nevarnost
sama po sebi objektivna, ~love{ka ogro‘e-
nost pa subjektivna. Tako definirana narav-
na nevarnost torej obstaja tudi kadar je po-
tencialno nevarna le (!) ‘ivalskim ‘ivljenjem
in njihovemu naravnemu okolju, torej je ob-
jektivnega zna~aja in {ele dru‘ba jo subjek-
tivizira v smislu ogro‘anja te iste dru‘be,
neposredno ali posredno.

Opomba: Angle{ko besedo haz·ard
(1. risk; danger; H o r n b y , 1998) prevajamo
kot nevárnost (2. razmere, okoli{~ine, zaradi
katerih lahko pride do nesre~e, {kode ali
~esa slabega, neprijetnega sploh 5. lastnost,
zna~ilnost nevarnega; SSKJ, 1994), ker se
pojem nevarnost v sloven{~ini (pomensko na-
mesto angle{kih ustreznikov: fire hazard,
earthquake hazard, ...) ‘e uporablja v uve-
ljavljenih besednih zvezah s podro~ja var-
stva pred naravnimi nesre~ami: poplavna ne-
varnost, potresna nevarnost, po‘arna
nevarnost, nevarnost sne‘nega plazu ipd.
Slovenski izraz hazard se uporablja izklju~-
no v smislu igranja iger na sre~o.

Tveganje in “riziko”

Pojem tveganje pogosto zamenjujemo s
pojmom nevarnost in del krivde lahko pri-
pi{emo lai~nemu prevajanju strokovnih be-
sedil: “Zlasti na{i francoski kolegi svetujejo,
da je francoska beseda risque sopomenka
angle{ke besede hazard, ki se uporablja za
nastop dogodka namesto za posledi~no {ko-
do ali izgubo” (V a r n e s , 1984). Verjetno pa
jezikovni problem te vrste igra manj{o vlogo
v splo{ni pojmovni zmedi med tveganjem in
nevarnostjo.

S m i t h  (2004) opredeli tveganje kot “ver-
jetnost nastopa nevarnosti”, medtem ko
V a r n e s  (1984) definira nevarnost kot “ver-
jetnost nastopa potencialno {kodljivega po-
java”. Ti dve definiciji sta prakti~no iden-
ti~ni, kar se odra`a v nezanesljivosti
terminologije in napeljuje na natan~nej{i
premislek o tem, ali sta tveganje in nevar-
nost le dve razli~ni besedi za isti pojem. Na
primer, oblak kumulus je nevarnost za letal-
stvo, morski greben je nevarnost za plovbo
in poledica je cestna nevarnost. Dokler te
nevarnosti pu{~amo ob strani in ne morejo
interaktirati z letalom, ladjo ali avtomobi-
lom, tudi ni tveganja, ~eprav nevarnost ob-
staja. Tako lahko zmotno pridemo do za-
klju~ka, da pojma nevarnosti sploh ne
rabimo in se lahko osredoto~imo le na tve-
ganja. A temu ni tako, ker nevarnost opisuje
vrsto pogojev, ki lahko nastopijo na razli~-
nih lokacijah v oblaku in vzdol` grebena ali
ceste. Za kvalifikacijo oziroma kvantifika-
cijo tveganja pa je potreben dobro definiran,
detajliran prostorsko-~asovni scenarij. Med
tveganjem in nevarnostjo lahko lo~imo tudi
po analogiji s primerom o dveh osebah, ki
pre~kata morje, ena na ladji in druga v ~ol-
nu. Glavna nevarnost (globoka voda in viso-
ki valovi) je za obe osebi enaka, toda tvega-

Preglednica 1. Zna~ilnosti nevarnosti in njihove opredelitve (B u r t o n , 1978).

Table 1. Hazard characteristics and their definitions (B u r t o n , 1978).

Zna~ilnost nevarnosti Definicija
magnituda izjemni so le tisti nastopi, ki presegajo neki obi~ajni nivo magnitude
frekvenca kako pogosto lahko pri~akujemo, da bo neki dogodek dane magnitude nastopil

v dolgotrajnem povpre~ju
trajanje ~as trajanja vrhunca nevarnega dogodka
podro~na razse‘nost prostor, ki ga pokriva nevarni dogodek
hitrost za~etka ~as med prvim nastopom in vrhuncem dogodka
prostorska razpr{enost vzorec porazdelitve po prostoru, v katerem lahko nastopijo

njegovi u~inki
~asovni interval naklju~no do periodi~no razporejeno zaporedje dogodkov vzdol‘ kontinuuma
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nje (verjetnost utopitve) je ve~je za osebo v
~olnu. Zveza med tveganjem in verjetnostjo
je v literaturi pogosto prisotna in opisuje
tveganje bodisi kot verjetnost dogodka,
pomno`enega s posledicami, ~e se dogodek
pojavi, bodisi kot funkcijo verjetnosti na-
stopa naravne nevarnosti in ranljivosti
dru`benih entitet. Kot `e re~eno, so kulture
v svoji zaznavi izjemnih dogodkov in v svo-
jih `ivljenjskih vrednotah razli~ne. Zazna-
vanje vrednot in prilagajanje izjemnemu
dogodku naredita ranljivost spremenljivo
od kulture do kulture in posledica tega je
mo`nost variiranja opredelitve tveganja
glede na razli~ne stopnje ranljivosti. Teme-
ljita definicija tveganja mora vklju~evati
verjetnost izgube in spoznati je treba, da se
stopnje ranljivosti spreminjajo s tem, kar
ljudem predstavlja vrednost. “Tveganje je
dejanska izpostavljenost nevarnosti ne~e-
sa, kar je za ~loveka vredno, in se pogosto
smatra kot kombiniranje verjetnosti in iz-
gube” (S m i t h , 2004).

Poskus ureditve izrazja s podro~ja anali-
ze tveganj sega v leto 1982, ko je UNDRO
(United Nations Disaster Relief Organizati-
on; zdaj UNDHA, United Nations Depart-
ment of Humanitarian Affairs) razmejila iz-
raz nevarnost od izraza tveganje z
definicijama, ki sta bili mi{ljeni za univer-
zalno uporabo, a se je njuna narava ‘al izka-
zala za ne dovolj splo{no, saj so bili avtorji
{e vedno prisiljeni uporabiti lastne definici-
je. UNDRO podaja kvantitativno definicijo
tveganja z mno‘enjem verjetnosti nastopa
nevarnosti (H), ranljivosti (V) in socialnih
elementov (E), torej (A l e x a n d e r , 1993): Rt

= E * (H * V). Definicije pojmov po UNDRO
povzemamo po L a p a j n e  (1987):

– Nevarnost (hazard) je (naravna ali dru-
ga ustrezna) danost za kateri koli neugoden
pojav, ki je povezan z mogo~o nesre~o in
lahko povzro~i neugodne u~inke. Govorimo
o potresni, poplavni, po‘arni itd. nevarnosti.
Nevarnost je verjetnostni pojem in jo opre-
deljujemo z “verjetnostjo prekora~itve”, to-
rej z vrednostmi med 0 in 1.

– Ogro‘enost (specific risk) so mogo~e
dru‘bene in ekonomske posledice bodo~ih
nesre~. Govorimo o potresni, poplavni, po-
‘arni itd. ogro‘enosti. Ogro‘enost je verjet-
nostni pojem in jo lahko opredelimo z “ver-
jetnostjo prekora~itve”. Odvisna je od
nevarnosti, ranljivosti in od ~asa izpostav-
ljanja. Dolo~ujejo jo vrednosti med 0 in 1.

– Ranljivost (vulnerability) je pri~akova-
na stopnja izgub (ali po{kodb) danega ogro-
‘enca ali skupine ogro‘encev ob morebitni
nesre~i. Govorimo o potresni, poplavni, po-
‘arni itd. ranljivosti. Ocenjujemo jo nava-
dno z vrednostmi med 0 in 1.

– Tveganje (acceptable risk) je tista ogro-
‘enost, ki jo zavestno sprejmemo kot spre-
jemljivo. Natan~neje je to “verjetnost pre-
kora~itve”, ki jo jemljemo kot osnovo za
dolo~itev projektnih zahtev v graditeljstvu
ali pri dru‘benoekonomskih posegih.

– Ogro‘enci (elements at risk) so vse se-
stavine ‘ivljenjskega prostora, npr. prebi-
valstvo, dru‘bena in zasebna lastnina, dru‘-
bene in ekonomske aktivnosti, ki so ogro‘ene
na danem obmo~ju.

– Ogro‘ena vrednost (value at risk) so mo-
go~e ekonomske izgube na danem obmo~ju.

– Verjetnost prekora~itve (exceedance
probability) je verjetnost, da bo v danem ob-
dobju na danem kraju ali obmo~ju prekora-
~ena dolo~ena vrednost zna~ilne fizikalne
oz. geofizikalne (lahko tudi statisti~ne) veli-
~ine, ki za dane potrebe sprejemljivo koli-
~insko opredeljuje nesre~o, ali verjetnost, da
bodo prese‘ene dolo~ene dru‘bene in eko-
nomske posledice nesre~e. Ima vrednost med
0 in 1.

– ^as izpostavljanja (exposure time) je
doba, ki jo upo{tevamo pri ocenjevanju ne-
varnosti ali ogro‘enosti. Pri projektiranju je
to navadno ‘ivljenjska (amortizacijska) do-
ba objekta.

– [koda (damage) obsega ekonomske iz-
gube, ocenjene po nesre~i.

Navedimo in komentirajmo {e nekaj kon-
kretnih razli~ic vrednotenja tveganja. Pre-
cej splo{no raz{irjena je opredelitev tvega-
nja, ki jo podaja UNESCO (United Nations
Educational, Scientific and Cultural Orga-
nization):

tveganje = nevarnost * ranljivost * potenci-
alna izguba

V tej ena~bi ka‘e ranljivost obna{anje ob-
jekta pod vplivom nevarnosti in v zvezi s
{kodo. Nekateri avtorji pomotoma ena~ijo
ranljivost s stro{ki {kode (~eprav velja:
stro{ki {kode = ranljivost * potencialna iz-
guba) in zato uvajajo bolj standardno defi-
nicijo tveganja (USDOE, US Department Of
Energy in USNRC, US Nuclear Regulatory
Commission):
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tveganost scenarija = verjetnost * posledice

Tu predstavlja verjetnost mero frekvence
ali verjetnosti nastopa dolo~enega scenarija,
tj. zaporedja dogodkov in posledice mero izi-
da tega scenarija. Pri tem je za dovolj veliko
{tevilo scenarijev skupna tveganost enaka
vsoti posameznih tveganosti scenarija:

skupna tveganost = Σ tveganost scenarija

To lahko pomeni precenitev tveganja (saj
preprosto se{tevanje tveganosti scenarijev ne
pove ni~ o scenarijih, ki se prekrivajo) ali
njegovo podcenitev (saj scenariji, ki so iz-
klju~eni iz ti. dovolj velikega {tevila scena-
rijev, lahko predstavljajo pomembno tvega-
nje).

Francosko verzijo Unescove definicije ve-
~inoma uporabljajo Evropejci na podro~ju
naravnih nesre~ in opisuje tveganje kot pro-
dukt mo‘nosti nevarnosti in ranljivosti:

tveganje = mo‘nost nevarnosti * ranljivost

^e vzamemo francosko verzijo in jo smi-
selno prevedemo v angle{~ino, se znova znaj-
demo nedale~ od prej navedene definicije
(tveganost scenarija ...), z edino pripombo,
ki se nana{a nanjo, in sicer glede ~lena ver-
jetnost, ki ga prej ne bi smeli omejiti zgolj na
mero frekvence ali verjetnosti scenarija, saj
bi to izlo~ilo alternativne pristope (npr. meh-
ka logika). Francoska beseda “aléa” se na-
na{a na mo`nost nevarnosti, torej na mo`-
nosti, ki bi morale vklju~evati verjetnosti in
se lahko nana{ajo tudi na alternativne ma-
temati~ne pristope. Tako B e s s o n  (1996)
opredeljuje tveganje kot rezultat zveze med
dolo~enim naravnim pojavom, imenovanim
“mo`nost nevarnosti” (fr. aléa; nevarnost,
ob raz{iritvi osnovnega pomena besede /eko-
nomija: borzni riziki/, je tudi mo`nost /ali
ne/ nastopa naravnega pojava kot posledice
dejavnikov ali ~loveku, vsaj delno, nerazum-
ljivih procesov), in ~love{ko zasedbo prosto-
ra (dobrine ali osebe):

tveganje = mo‘nost nevarnosti * dru‘beno-
ekonomski vlo‘ki

V nadaljevanju {e navaja, da zavaroval-
nice vrednotijo ranljivost vlo‘kov z vpeljavo
njihove vrednosti, po Unescovi definiciji:

tveganje = mo‘nost nevarnosti × ranljivost

Po tem na~elu torej ne bi smeli uporablja-
ti izraza tveganje, ne da bi se ‘e poprej lotili
problema ranljivosti ter rezervirali izraz
mo‘nost nevarnosti izklju~no za naravne po-
jave brez upo{tevanja njihovih posledic na
dru‘beno-ekonomske vlo‘ke.

Kakorkoli ‘e, obstajajo dolo~eni zadr‘ki
glede definicije nevarnosti, saj imata defini-
cija in pristop do takega termina lahko raz-
li~en pomen glede na interesno podro~je. ^e
nevarnost ne {tejemo za verjetnost nastopa
dogodka, ampak za dogodek sam, tedaj je
tveganje verjetnost nastopa dogodka in iz-
gube ‘ivljenj (ali dobrin), torej posledice te
nevarnosti. Termin dogodek je bolj uporab-
ljan zato, da ne bi pozabili, da analiza tve-
ganja ni le analiza “slabih” dogodkov (ali
nevarnosti), ampak lahko pripelje do anali-
ze potencialnih prilo‘nosti. Vrednost ali pre-
mo‘enje je skupna koli~ina analiziranih ele-
mentov, ranljivost odstotek teh elementov,
ki bodo verjetno izgubljeni ob nastopu ne-
varnosti in verjetnost tveganje, da ta nevar-
nost nastopi. To je dejansko le vpra{anje
terminologije. Tveganje je prej bilo opisano
kot koli~ina izgube po izra~unu, medtem ko
ga zdaj vzamemo kot verjetnost, da dogodek
nastopi. Po taki definiciji bi se obrazec gla-
sil:

posledice = vrednost * ranljivost * tveganje

Definicija, ki jo lahko zasledimo v {vicar-
ski literaturi, za nas zanimivi zlasti zaradi
podobnosti naravnih nevarnosti v alpskem
prostoru: “Tveganje je kakovostna ali koli-
~inska ozna~itev dolo~ene {kode glede na
mo`nost nastopa in doseg {kodnega delova-
nja. Pogosto uporabimo kar zmno`ek obeh
veli~in (kadar ju lahko koli~insko vrednoti-
mo)” (H e i n i m a n n  et al., 1998). K i e n h o l z
et al. (1998) opredeljuje tveganje na mestu
nevarnosti kot velikost in verjetnost mogo~e
{kode, ki je odvisna od magnitude in verjet-
nosti nastopa nevarnosti na mestu nevarno-
sti ter od vrednosti in izpostavljenosti (ver-
jetnosti obstoja {kodnega potenciala - oseb,
stvari - na obmo~ju delovanja nevarnega
procesa) potencialnih {kodnih objektov na
tem istem mestu nevarnosti. V tako postav-
ljeni definiciji je o~itno izpu{~ena ranljivost
teh potencialnih {kodnih objektov.
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Na koncu zapi{imo {e splo{no ena~bo
UNDMTP-a (United Nations Disaster Ma-
nagement Training Programme) za izra~un
specifi~nega tveganja:

Rij = Hj × Vij

kjer za element tveganja i v enoti ~asa
velja:

Rij - specifi~no tveganje, ogro‘enost; ver-
jetna izguba za element i zaradi nevarnosti
intenzitete j,

Hj – nevarnost; verjetnost do‘ivetja ne-
varnega dogodka intenzitete j,

Vij – ranljivost; stopnja izgube na elemen-
tu i kot posledica nevarnosti intenzitete j.

S se{tetjem tveganj iz vseh stopenj nevar-
nosti (min ≤ j ≤ max) lahko izpeljemo celotno
specifi~no tveganje katerega koli posame-
znega elementa. Tveganje je nato zmno‘ek
specifi~nega tveganja in vrednosti elementa
tveganosti.

Opomba: Obstajajo torej dolo~ene defini-
cije pojmov, ki niso nujno v skladu z defini-
cijami iz slovarja, medtem ko so analiza,
vrednotenje in obvladovanje tveganja sve-
tovno raz{irjena, ve~jezi~na dejavnost. Tako
se angle{ki ustreznik risk (1. (instance of)
possibility or chance of meeting danger, suf-
fering loss, injury, etc; H o r n b y , 1998), ki je
bodisi arabskega (risq) bodisi latinskega iz-
vora (risicum) in je nastal preko francoskega
~rkovanja (risque), prvi~ pojavi sredi 17. st.
Okrog leta 1830 se pojem v svoji moderni
verziji za~ne pojavljati pri zavarovalni{kih
transakcijah. S~asoma se prvotni pomen, ki
je preprosto opisoval katerikoli nepri~ako-
van izid, dober ali slab, spremeni v pomen v
zvezi z ne‘elenimi izidi. V sedanji obi~ajni
rabi angle{~ine ima negativen pomen: “run
the risk of...” ali “at risk”. V sloven{~ino ga
je mogo~e prevesti kot tveganje (glagolnik
od tvegati; 1. za dosego cilja iti v nevarnost,
da se do‘ivi kaj neza‘elenega, slabega: tve-
gati nevarnost – izpostaviti se nevarnosti;
SSKJ, 1994), tvéganost (lastnost, zna~ilnost
tveganega; SSKJ, 1994), riziko (1. tveganje,
nevarnost 2. ekon. mo‘nost, da pride do {ko-
de, izgube v poslovanju; jur. mo‘nost, da se
zavarovana oseba ponesre~i, zavarovani
predmet po{koduje, uni~i; SSKJ 1994). Pred-
lagamo uporabo splo{nega slovenskega ter-

mina tveganje kot ustreznika za angle{ko
besedo risk in francosko risque, na podro~ju
analize tveganja in kartografije v zvezi s tem
pa termin tveganost (tvéganost, lastnost,
zna~ilnost tveganega; SSKJ, 1994) in sicer
zaradi pomenske analogije s terminom ne-
varnost (nevárnost, lastnost, zna~ilnost ne-
varnega; SSKJ, 1994), kakor tudi zaradi na-
daljnje mo‘nosti njune uporabe npr. v
besednih zvezah potresna nevarnost (earth-
quake hazard) → potresna ogro‘enost (earth-
quake danger) → potresna tveganost (earth-
quake risk).

Nesre~a

Ve~ina avtorjev se strinja, da nesre~a na-
stopi, kadar je nevarnost realizirana. Te‘ava
pri taki definiciji je, da pojmuje nevarnost
kot univerzalen pojem z malo odstopanji; od
prej pa vemo, da je definicija nevarnosti od-
visna od razli~nih dru‘benih zaznav izje-
mnega dogodka. S m i t h  (2004) ponuja {ir{o
definicijo nesre~e, ki implicira ~ut za per-
cepcijo: “Nesre~a je v splo{nem posledica
interakcije fizi~ne izpostavljenosti nevarne-
mu procesu in ranljive ~love{ke populacije v
~asu in prostoru.” Kot je bilo ‘e prej re~eno,
je ranljivost odvisna od tega, kaj ljudje {te-
jejo za vrednost, ki posledi~no vpliva na nji-
hovo zaznavo. Vklju~itev ranljivosti v Smit-
hovo definicijo nesre~e ne samo da implicira
dru‘beno zaznavo, ampak tudi sugerira, da
morata biti tveganje, kakor tudi nevarnost,
realizirani. Zaklju~imo, da bi bilo najbolj
pravilno re~i, da nesre~a nastopi, kadar je
ogro‘enost realizirana.

Dvoumnost pojma nesre~a le‘i znotraj
vpra{anja: ~e je za nastop nesre~e potrebno,
da verjetnost {kode postane tudi dejanska
{koda, kolik{na {koda je potemtakem enaka
nesre~i? Definicija nesre~e je odvisna od kul-
ture in njene zaznave izgub oziroma {kode.
Lahko tudi re~emo, da je “nesre~a dogodek
(naravnega ali tehni~nega izvora) z izjemnim
{kodnim obsegom po vrednotenju posame-
znikov ali skupnosti; nezgoda (redko upo-
rabljan izraz v zvezi z naravnimi nevarnost-
mi) pa dogodek, ki pripelje do takoj{nje in
neza‘elene {kode (K i e n h o l z  et. al., 1998).”
Isti avtor lo~uje med nezgodo in nesre~o s
pomo~jo kriterija {tevila smrtnih ‘rtev (> 20
mrtvih) in ocenjene vrednosti {kode (> 10
milijonov CHF); zna~ilne vrednosti {kod pri
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nezgodi, nesre~i in katastrofi so prikazane v
preglednici 2, pri ~emer so mo‘ni teko~i pre-
hodi med podanimi vrednostmi.

Ranljivost in “vulnerabilnost”

Ranljivost je pomemben pojem za razu-
mevanje analize tveganja. Definicija ranlji-
vosti se je okoli leta 1975 mo~no razpr{ila po
posameznih raziskovalnih podro~jih
(S m i t h , 2004). Geologi, hidrologi in grad-
beniki so preu~evali znanstvene re{itve v
zvezi z naravnimi nevarnostmi, medtem ko
so sociologi, antropologi in dru‘bene vede
poudarjale ~love{ko obna{anje, odzive in
pripravljenost na nesre~e (A l e x a n d e r ,
2000; S m i t h , 2004). Naravne nevarnosti
pridobivajo na jakosti in verjetnosti nastopa
zato, ker se manj{a oziroma izginja vmesnik
med dru‘benimi in naravnimi sistemi, tj.
ranljivost. Dru‘bena ranljivost je hkrati
funkcija nevarnostnega in {kodnega poten-
ciala, torej povezovalen in lo~evalen dejav-
nik hkrati. Soobstoj naravnega in dru‘bene-
ga okolja pogojuje nastanek ogro‘enosti, ki
je tako dolo~ena z medsebojno interakcijo
naravnih in dru‘benih ekosistemov. Pouda-
riti moramo, da se ogro‘enost dru‘benega
okolja in njegovega {kodnega potenciala lah-
ko pojavi le v tistem delu prostorsko-~asov-
nega kontinuuma, kjer se isto~asno nahaja
tudi naravna nevarnost iz naravnega okolja.

S m i t h  (2004) uporablja naslednjo defi-
nicijo ranljivosti: “Ranljivost je stopnja do
katere sistem ali del sistema lahko reagira
proti nastopu nevarnega dogodka”. Kako
konceptualizirati termin ranljivosti? Obsta-
jata dva pogleda na ranljivost. Prvi, “domi-
nantna paradigma”, obravnava ranljivost
kot nivo izpostavljenosti naravni nevarno-
sti. Na primer, A l e x a n d e r  (2000) definira

ranljivost kot “potencial za `rtve, uni~enje,
{kodo, prekinitev ali drugo oblika izgube
glede na posamezen element”. Predpostav-
lja, da so ljudje ranljivi, ker zasedajo ob-
mo~je tveganja. Drugi, “strukturalna para-
digma”, obravnava ranljivost kot funkcijo
socialne in ekonomske situacije izpostavlje-
ne dru`be.

B l a i k i e  et al. (1994) opredelijo ranlji-
vost kot “karakteristike osebe ali skupine v
smislu njihove sposobnosti predvidevanja,
ravnanja, upiranja in okrevanja od u~inkov
naravne nevarnosti”, kar predpostavlja da
so nekatere skupine znotraj dru`be bolj nag-
njene k temu, da utrpijo {kodo in izgubo
zaradi dane naravne nevarnosti. Podoben
razmislek lahko uporabimo na primeru ran-
ljivosti vozil. Ranljivost dodatno konstruk-
cijsko oja~anega vozila je veliko manj{a kot
ranljivost navadnega – pri enaki jakosti ne-
varnosti. Torej, pri fiksni jakosti imamo raz-
li~ne stopnje ranljivosti za razli~ne vrste vo-
zil, pri fiksni vrsti vozila pa pri razli~nih
stopnjah jakosti razli~ne ranljivosti – ob
predpostavki seveda, da je mera ranljivosti
{koda, ki nastane ob realizaciji nevarnosti z
dolo~eno jakostjo.

Nevarnost – ogro‘enost – tveganost

Sodobna dru‘bena ureditev implicira od-
govornost dr‘ave pri varovanju ~love{kih
‘ivljenj in materialnih dobrin. S skokovitim
nara{~anjem stopnje izkori{~enosti in izrab-
ljenosti ‘ivljenjskega prostora so se zlasti v
zadnjih stotih letih poleg pozitivnih za~eli
pojavljati tudi negativni stranski u~inki, ki
se ka‘ejo v nastanku konfliktnih obmo~ij
(slika 1) in jih je treba obravnavati z vidika
dru‘beno-kulturolo{kih zaznav naravnih ne-
varnosti in naravnih nesre~. Znova opozori-

Preglednica 2. Kriteriji uvr{~anja {kodnih pojavov v nezgode, nesre~e in katastrofe (H e i n i m a n n  et
al., 1998).

Table 2. Criteria for classifying damaging events into accidents, disasters and catastrophes
(H e i n i m a n n  et al., 1998).

                                                                    Nezgoda               Nesre~a Katastrofa
Vrednost motnje 0 0.2 0.4 0.6 0.8 1.0
[tevilo smrtnih ‘rtev med ljudmi 4 20 100 500 2.500
[tevilo mrtvih ve~jih ‘ivali 200 1.300 8.000 50.000 350.000
Po{kodovana povr{ina ekosistema (km2) 1 10 100 1.000 10.000
Diskontirana vrednost (mio CHF) 20 80 400 2.200 10.000



158 Bla‘o Ðurovi} & Matja‘ Miko{

mo, da pomeni naravna nesre~a (angl. natu-
ral disaster, fr. catastrophe naturel, nem. Na-
turkatastrophe, it. disastro naturale) ‘e ude-
janjeno ogro‘enost elementov prostora
zaradi dolo~ene naravne nevarnosti (potres,
plaz, drobirski tok, sne‘ni plaz), ki jo sprem-
lja dejanska {koda, medtem ko je naravna
nevarnost (angl. natural hazard, fr. aléa na-
turel, nem. Naturgefahr, it. pericolo natura-
le) potencialnega zna~aja in vedno nastopa v
relaciji z dolo~enim {kodnim potencialom.
Zaznavanje in odnos posameznika ali skupi-
ne posameznikov ter vrednostni sistem so
klju~ do pravilnega razumevanja tveganja
(angl. risk, fr. risque, nem. Risiko, it. risc-
hio), ki nastane na konfliktnih obmo~jih.

Med posameznimi pojmi najla‘je lo~uje-
mo po analogiji s primerom dveh oseb, ki
plujeta po morju in sta namenjeni iz prista-
ni{~a A v pristani{~e B. Nevihtna nevarnost
lahko nastopi nekje na poti med A in B,
verjetnost nastopa in jakost nevarnosti na
mestu nevarnosti med pristani{~ema A in B
pa sta odvisni od meteorolo{kih in klimato-
lo{kih dejavnikov. Torej, ko osebi zaplujeta
na odprto morje (obmo~je nevarnosti), po-
staneta ogro‘eni osebi (ogro‘enca). Tvega-
nje, ki ga sprejmeta (na primer po{kodba,
smrt) ob podajanju na obmo~je nevarnosti –
in s tem izrabita prilo‘nost (na primer hi-
trej{ega prihoda v pristani{~e B kot po ko-
pnem) - dolo~a {e njuna ranljivost, ki je od-
visna od tehni~nega stanja plovil, njunih
sposobnosti, na~ina plovbe in drugega. K

ranljivosti lahko {tejemo tudi njuno izpo-
stavljenost (verjetnost, da se nahajata na me-
stu nevarnosti v trenutku nastopa nevihtne
nevarnosti). Vrednost plovila, predmetov in
potnikov v njem je vrednost ogro‘encev.
Opozorimo naj, da sta bistvena parametra
verjetnost nastopa in jakost nevarnosti na
mestu, kjer se isto~asno nahaja tudi ogro‘e-
nec, saj v~asih prihaja do napa~nih inter-
pretacij in se verjetnosti in jakosti ra~unajo
le na obmo~jih nastanka nevarnosti.

Nevarnost je za obe osebi enaka, njuna
ogro‘enost in sprejeto tveganje pa ne! Na
primer, za osebo 1 tveganja (izgube materi-
alne dobrine, ne ‘ivljenja!) prakti~no ni, saj
ta svoje plovilo zaznava kot “‘e odslu‘eno in
amortizirano”, a {e vedno konstrukcijsko do-
volj zanesljivo in tehni~no brezhibno. Pri
osebi 2, ki pluje s popolnoma novo jadrnico
enake velikosti (in brez kasko zavarovanja
vodnih plovil!), se tveganje za izrabo prilo‘-
nosti mo~no pove~a, ~eprav je ranljivost ena-
ka. ^e bi oseba 1 plula z veliko manj{o in
tehni~no neizpravno jadrnico, bi se njeno
tveganje opazno pove~alo. Pri nespremenlji-
vi nevarnosti se torej tveganje lahko mo~no
spreminja v odvisnosti od ranljivosti in vre-
dnosti ogro‘enca.

Primer napeljuje na misel, da je tveganje
odvisno od treh dejavnikov: nevarnosti, ran-
ljivosti in vrednosti ogro`enca. Ena~be, ki po-
vezujejo te {tiri parametre, so praviloma last-
ne posameznim avtorjem. Navedimo eno izmed
njih in jo komentirajmo (CENAT, 2004):

Slika 1. Parametri dolo~itve tveganja (R o m a n g , 2004).

Figure 1. Parameters of risk determination (R o m a n g , 2004).
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.
T (tveganje): Pri~akovane izgube (smrtne

`rtve, po{kodovanci, {koda na premo`enju
in motnje v ekonomski dejavnosti) zaradi
dolo~ene nevarnosti in za neko povr{ino ter
referen~no obdobje. Na podlagi matemati~-
nih izra~unov je tveganje zmno`ek nevarno-
sti, ranljivosti in vrednosti ogro`encev.

N (nevarnost): Dogodek ali fizikalno sta-
nje, ki je potencialen vzrok smrtnih `rtev,
po{kodovancev, {kode na premo`enju, {ko-
de na infrastrukturi, izgub polj{~in, okolj-
skih {kod, prekinitev poslovanja ali drugih
vrst po{kodb ali izgub. Magnituda pojava,
verjetnost njegovega nastopa in razse`nost
ter jakost njegovega u~inka lahko variirajo,
~eprav jih je v {tevilnih primerih mogo~e
predvideti ali oceniti.

R (ranljivost): Zna~ilnost ~love{kega ob-
na{anja, socialnih in fizikalnih okolij, ki opi-
suje stopnjo dovzetnosti (ali odpornosti)
u~inkom npr. naravnih nevarnosti. Ranlji-
vost je dolo~ena s kombiniranjem zavedanja
o nevarnosti, stanja ~love{kih naselbin in
infrastrukture, javne politike in administra-
cije in organizacijske mo~i pri obvladovanju
nesre~. Rev{~ina je v mnogih krajih sveta
eden glavnih vzrokov ranljivosti.

V (vrednost ogro`encev): Vrednost narav-
nih in dru`benih prostorskih elementov je

stvar subjektivne presoje ali objektivnega
ekonomskega vrednotenja.

V tej definiciji se znotraj ~lenov N in R
skrivata dva verjetnostna parametra, ki sta
lastna nevarnostnemu in {kodnemu potenci-
alu. Gre za:

– verjetnost nastopa nevarnosti z dolo~e-
no jakostjo PM na mestu ogro`enca ter

– verjetnost prisotnosti ogro`enca PO na
tem istem mestu.

Verjetnost kolizije nevarnosti in ogro-
`enca dolo~a mo`nost interakcije med
obema, med nevarnostnim in {kodnim po-
tencialom, ter pogojuje nastanek konflikt-
nega obmo~ja in s tem tudi tveganja:

. Produkt nevarnosti  in
ranljivosti  iz ena~be  je speci-
fi~no tveganje ali ogro`enost , produkt
ranljivosti in vrednosti ogro`enca pa {kodni
potencial . K i e n h o l z  et al. (1998) opre-
delijo {kodo kot negativno vrednoteno po-
sledico dogodka ali poteka, ki je lahko nepo-
sredna ali posledi~na; {kodni potencial pa
pomeni skupek mogo~e {kode v nevarnem
procesu, velikost tak{ne {kode in vsoto ogro-
`enih ali {kodno ogro`enih vrednosti v opa-
zovanem okolju; {kodni proces opredeljuje
kot naravni potek, ki lahko povzro~i {kodo.

Izpostavljenost ogro`enca  lahko obrav-
navamo tudi lo~eno od ranljivosti ogro`enca
- v tem primeru ranljivost dolo~ajo le dejav-
niki v zvezi z odpornostjo na nevarnost (npr.
konstrukcijski materiali, starost, vzdr`eva-
nost ipd.).

Sprejetje tveganja za izrabo prilo`nosti s
strani ~loveka-ogro`enca lahko kvalificira-
mo kot tveganost ogro`enca, podobno kot
govorimo na primer o tveganosti nalo`be za
investitorja. Navidez paradoksalna situacija
se pojavi, kadar imamo nevarnost in objek-
tivno ogro`enost, tveganosti pa ni. Primer:
voznik je kasko zavaroval svoje vozilo, ki je
na cesti objektivno ogro`eno, subjektivne
tveganosti vozila pa za lastnika ni, saj kljub
nesre~i (z izklju~no materialno {kodo), tj.
udejanjeni objektivni ogro`enosti, lastnik
dobi povrnjeno {kodo. Torej je tveganost
ogro`enca (vozila) za lastnika z materialne-
ga stali{~a ni~na, z emocionalnega ali
kak{nega drugega stali{~a pa morda ne. Pri
opazovanju pojavov z antropocentri~nega
gledi{~a vedno lahko dolo~imo tveganost, z
aspekta vozila pa lahko govorimo le o ogro-
`enosti. Tako opredeljeni pojmi nas postavi-

Slika 2. Odnosi med parametri analize
tveganja.

Figure 2. Relationships between the parameters
of risk analysis.



160 Bla‘o Ðurovi} & Matja‘ Miko{

jo pred dejstvo, da za ogro`enost lahko trdi-
mo, da je merljiva objektivna lastnost neko-
ga ali ne~esa, tveganost pa predstavlja sub-
jektivno lastnost in je konstrukt ogro`enih
ljudi ter kot taka objektivno ne more obsta-
jati brez ljudi. “Tveganost” je vedno dru`-
beno konstruirana s strani ljudi in objektiv-
no ne obstaja. J a s a n o f f  (1998) navaja:
“Vse percepcije tveganja, bodisi lai~ne bodi-
si ekspertne, predstavljajo parcialne ali se-
lektivne poglede na zadeve in situacije, ki
nas ogro`ajo.” V skladu s tem je tudi obser-
vacija, da “empiri~ni rezultati ka`ejo, da so
dru`beni procesi, ki ustvarjajo in vzdr`ujejo
tveganje v o~eh javnosti, vsaj toliko po-
membni kot fizikalne in psiholo{ke dimen-
zije tveganja” (R o g e r s , 1997).

Vrnimo se k ravnanju s konfliktnimi ob-
mo~ji. Ob prevladujo~em mnenju, da je na-
ravne procese mogo~e “regulirati” in s tem
pose~i zgolj v parameter magnitude nevar-
nosti na konfliktem obmo~ju, v~asih celo v
parameter verjetnosti nastopa nevarnosti na
istem obmo~ju, se je nemoteno pove~eval ob-
seg dejanskih {kod ob nastopu naravnih ne-
sre~. Druga re{itev, v dana{njem ~asu veliko
bolj aktualna in v skladu s konceptom traj-
nostnega in celovitega re{evanja problemov
na konfliktnih obmo~jih, se pojavi pozneje.
Gre za zmanj{evanje {kodnega potenciala
znotraj konfliktnih obmo~ij. Iz ena~be je raz-
vidno, da je za zmanj{anje tveganja treba
zmanj{ati bodisi nevarnost ali {kodni poten-
cial bodisi oboje hkrati. Optimizacija teh
razmerij je odvisna od stopnje sprejemljive-
ga tveganja Tdop, ki pa je mo~no odvisna od

vrednostnega sistema posameznika ali sku-
pine posameznikov in ga dolo~amo znotraj
procesa vrednotenja tveganja.

Torej, ~e je T > Tdop, je z zmanj{anjem
~lenov N, R in/ali V treba izni~iti razliko ΔT
= T - Tdop. Limitni postopek ΔT → 0 imenuje-
mo preventivno obvladovanje tveganja!

Po K i e n h o l z u  et al. (1998) se obvlado-
vanje tveganja lahko izvaja preventivno (z
zmanj{anjem verjetnosti ali {kod na nivo
sprejemljivega tveganja), reaktivno (z ukre-
panjem ob nesre~i) ter inaktivno (s prepro-
sto ohranitvijo in nadzorom statusa quo),
cilj obvladovanja tveganja pa je najvi{ja
mo`na efektivnost (mera za stopnjo dose`e-
nosti cilja, brez upo{tevanja porabe sred-
stev) in eficienca (razmerje med dose`enim
delovanjem ukrepa in porabljenimi sredstvi).

Pomensko ustrezni prevodi so klju~nega
pomena za poenotenje izrazja s podro~ja ana-
lize tveganja, kar bi omogo~ilo bolj{e spora-
zumevanje med strokami (preglednica 3).

Zaklju~ki

Primerjava definicij nekaterih najpomemb-
nej{ih izrazov s podro~ja presoje tveganj zara-
di naravnih nevarnosti je pokazala, da zaradi
dru`bene dimenzije problema prakti~no ni po-
enotenega pristopa k analizi in da obstaja pre-
cej{nje neskladje med posameznimi opredelit-
vami pojmov. Z navajanjem prevodov tujih
deficinij in splo{no rabo nekaterih izrazov v
sloven{~ini smo poudarili pomenske in vse-
binske razlike med najpomembnej{imi izrazi

Preglednica 3. Osnovni termini analize tveganja, prevedeni v pet evropskih jezikov.

Table 3. Basic terms of risk analysis, translated into five European languages.

oznaka SL EN DE FR IT
M jakost nevarnosti magnitude Magnitude magnitude magnitudo
PM verjetnost nastopa occurence Eintretenswahrscheinlichkeit probabilité probabilità di

nevarnosti probability d’occurence occorenza
D dovzetnost za susceptibility Suszeptibilität susceptibilité suscettibilità

nastanek nevarnosti
R ranljivost ogro‘enca vulnerability Vulnerabilität, vulnerabilité vulnerabilità

Verwundbarkeit
PO izpostavljenost exposition Präsenzwahrscheinlichkeit exposition esposizione al

ogro‘enca rischio
V vrednost ogro‘enca value of valeur de valore degli

element at risk Wert vom Risikoelement l’enjeu elementi a rischio
N nevarnost hazard Gefahr aléa pericolosità
T tveganost (total) risk (totales) Risiko risque (totale) rischio (totale)
K verjetnost kolizije impact probability Kollisionswarscheinlichkeit, probabilité probabilità di

Treffwahrscheinlichkeit d’impact, impatto
[P {kodni potencial damage potential Schadenspotential dommage potentiel danno potenziale
OG ogro‘enost (specific) risk (spezifisches) Risiko risque (specifique) rischio (specifico)
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kot so nevarnost, ogro`enost, ranljivost, tve-
ganje, tveganost in nesre~a. Primer uporabe
nekaterih pojmov rizi~nega mened`menta pa
smo `e prikazali na primeru analize potenci-
alne ogro`enosti zaradi odlomne nevarnosti
(\ u r o v i }  et al., 2005).

Zahvala

V prispevku zbran pregled izrazoslovja s
podro~ja teorije tveganj zaradi naravnih ne-
sre~ je za~el nastajati v okviru dela na Cilj-
nem raziskovalnem programu »Metodologija
za dolo~anje ogro`enih obmo~ij in na~in
razvr{~anja zemlji{~ v razrede ogro`enosti za-
radi zemeljskih plazov«, ki so ga v letih od
2002 do 2004 financirala naslednja ministrst-
va Republike Slovenije: Ministrstvo za {ol-
stvo, znanost in {port, Ministrstvo za okolje,
prostor in energijo ter Ministrstvo za obram-
bo – Uprava RS za za{~ito in re{evanje.
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Abstract

During the late 1980s and early 1990s almost 100 nations introduced new or revised
existing, mineral policies and laws. We are now in another period of revision, particularly
in the Eastern European nations. National mineral policies in these countries are being,
or recently have been, reconsidered for several reasons. First, policies from the prior
political era were not consistent with market driven economic policies. Second, they did
not reflect the regulatory framework or policy directives of the new, integrating Europe.
Finally, old policies did not address the concerns, issues and needs of societies today,
primary among these being the desire for a sustainable future. In this paper we argue that
each country’s mix of imported and domestically produced minerals should be economi-
cally profitable, socially acceptable, and in compliance with sustainable development
principles. In this paper we focus on the ongoing revision of mineral policies in Eastern
European countries transitioning to market-driven economies. We first review basic policy
concepts, placing emphasis on the purpose and scope of mineral policies. We then briefly
describe EU positions on sustainability, and economic and mineral policy. This is followed
by a general review of the mineral policies and management situation in the transition
economies of Eastern Europe. We conclude that of number of the current policies have
the potential to limit the availability of minerals to countries in this region rather than
ensuring their supply. We also identify several policy trends that are inconsistent with
sustainability principles.

Kratka vsebina

Koncem osemdesetih in v za~etku devetdesetih let prej{njega stoletja je skoraj 100
dr‘av spremenilo, obnovilo svoje politike in zakonodajo na podro~ju rudarstva. V za~etku
novega tiso~letja smo, predvsem v Vzhodni Evropi, ponovno v fazi prenove. Nacionalne
rudarske politike so bile obnovljene zaradi razli~nih razlogov. Prvi~, politike izpred de-
vetdesetih, niso bile primerljive s politikami tr‘nega gospodarstva, drugi~, politike niso
ustrezale zakonodajnem okviru integrirane Evrope, kon~no stare politike niso upo{tevale
skrbi, potreb in odprtih vpra{anj dana{nje dru‘be, predvsem ‘elje po prihodnosti temelje~i
na na~elih trajnostnega razvoja. V ~lanku smo se osredoto~ili na potekajo~o revizijo
rudarskih politik v Vzhodni Evropi v prehodnem obdobju, na poti k tr‘nem gospodarstvu.
Prvo smo pregledali temeljne koncepte politik, s posebnim ozirom na namen in podro~je
delovanja rudarskih politik. Potem na kratko opi{emo stali{~a Evropske Unije v zvezi s
trajnostnim razvojem, gospodarsko in rudarsko politiko. Temu sledi splo{en pregled ru-
darskih politik in gospodarjenja z mineralnimi surovinami v gospodarstvih Vzhodne Evro-
pe. Zaklju~ujemo z ugotovitvijo, da {tevilne rudarske politike vsebujejo usmeritve, ki
lahko na regionalni ali dr‘avni ravni bolj omejujejo dostopnost do mineralnih surovin kot
oskrbo z njimi. Poleg tega tudi ugotavljamo, da {tevilni trendi rudarskih politik niso
skladni z na~eli trajnostnega razvoja.
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INTRODUCTION

In the last twenty years, Eastern Europe
has experienced changes that were unfore-
seeable in their magnitude before they
began. During this period nations disinte-
grated (Soviet Union, Yugoslavia, Czecho-
slovakia), which in some cases led to war.
Eastern European countries embraced de-
mocracy as the social system. There was a
shift to market-based economic policies. In
2004, ten mostly Eastern European countri-
es joined the European Union (EU); some
countries in the southeast of Europe are now
in the process of joining the EU.

Accession to the EU necessitates adopti-
on of EU legislation. It has also led to an
increasingly free flow of capital, labor, pro-
ducts and information among nations of the
enlarged European Union (EU). The under-
standing of sustainability principles and a
desire for sustainable futures is spreading.
The impacts of such major events permeate
virtually all aspects of these societies. Poli-
cies are changing, albeit at different rates
and to different degrees in each accessioning
country.

In this paper we focus on the ongoing revi-
sion of mineral policies in Eastern European
countries transitioning to market-driven eco-
nomies. We first review basic policy concepts,
placing emphasis on the purpose and scope
of mineral policies. We then briefly describe
EU positions on sustainability, and economic
and mineral policies. This is followed by a
general review of the mineral policies and
management situation in the transition eco-
nomies of Eastern Europe. Finally, we con-
clude with a discussion of the potential im-
pacts of selected Eastern European mineral
policies on the availability of minerals.

POLICY CONCEPTS

Policies reflect the values and goals of the
people involved in their creation. In the best
of circumstances, they articulate the desires
of a society and their perspectives about im-
portant issues of the day. They codify objec-
tives about the kind of world people want to
live in and the means they considerable ac-
ceptable in achieving those specified end-
states, and do so in a manner consistent with
the social and political system of the coun-

try (S h i e l d s  et al., 2002a). This is true for
all policies, be they economic, environmen-
tal, or mineral.

An economic system is the set of policies,
mechanisms, rules and institutions that a
society uses to make decisions about econo-
mic issues and implement those decisions.
The environment of the economic system in-
cludes the level of development, resource en-
dowment, and the stocks of human and built
physical capital, and consumer preferences.
The economic system in Eastern Europe has
been shifting from the central-planning mo-
del, which existed previously in countries
belonging to Council for Mutual Economic
Assistance, to the market-directed model
existing in the EU. Production levels will no
longer be dictated by the state, but rather
will vary in response to market demand.  Pri-
ces will not be prespecified; they will be the
outcome of agreements between willing bu-
yers and sellers.

In Europe, and other parts of the world,
policies are being reconsidered in light of
sustainability principles. G i b s o n  (2005)
lists requirements for progress towards su-
stainability: 1) socio-ecological integrity, 2)
livelihood sufficiency and opportunity, 3) in-
tra-generational equity, 4) intergenerational
equity, 5) resource maintenance and effici-
ency, 6) socio-ecological civility and demo-
cratic governance, 7) precaution and adap-
tation, and 8) immediate and long term
integration. They provide a way to look at
whether or in what areas we are or are not
making progress toward sustainability. As
we discuss later in this paper, the EU has
placed considerable emphasis on sustaina-
bility and has created a Sustainable Deve-
lopment Strategy.

Development, sustainable or otherwise,
requires raw materials. A case in point is
infrastructure development in Eastern Euro-
pe, which will require large volumes of con-
struction materials. Because of the impor-
tance of raw materials to societies, most
countries have official minerals policies. In
the next section we consider the basis for,
and necessary content of, mineral policies.

Mineral Policies

Mineral policy is complex because of the
range of resources involved. Each commo-
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dity has its own economic, military, social,
and environmental considerations. Some
authors have gone so far as to suggest that
no minerals policy beyond ‘pious generali-
zations that compromise a number of con-
flicting private interests and national objec-
tives’ has been achieved (M i k e s e l l , 1987,
p. 1). That inherent complexity has only be-
en increased by the addition of sustainable
development concerns. Achieving goals of
environmental protection, intra- and inter-
generational equity, and economic growth
and stability, will require tradeoffs across
space and time, and among objectives.

Sustainable mineral policies can provide
a framework for balancing benefits and costs
to society with regard to minerals. The main
benefits are supplying a material basis for
society, wealth creation by mining activiti-
es, tax revenues to the state, and employ-
ment; major costs are environmental pollu-
tion, social disturbance in local communities,
and land use conflicts. Priorities with re-
spect to benefits and costs differ from coun-
try to country.

One major governmental role in sustaina-
ble development policy for minerals is to
create an enabling economic environment
that aligns a country’s investments with its
underlying comparative advantage, so as to
improve the use of scarce capital and human
resources (A u t y , 2003). More generally, the
foundational concepts of sustainable mine-
ral policies are: 1) facilitating the transfor-
mation of natural mineral capital into built
physical, economic, environmental or social
capital of equal or greater value; 2) ensuring
that environmental and social impacts of mi-
ning are minimized; 3) addressing the trade
offs that society needs to make; and 4) ta-
king all relevant scale hierarchies into con-
sideration (S h i e l d s  & [ o l a r , 2004). It is
also essential that a sustainable mineral po-
licy be correlated and consistent with other
governmental policies (S h i e l d s  et al.,
2002a).

Mineral policy should endeavor to ensure
adequate mineral supply, comprised of a mix
of domestically produced and imported ma-
terials that has been produced in ways that
are compatible with sustainable develop-
ment principles. We term this a sustainable
supply mix.

National minerals policies also need to
provide the regulatory certainty necessary

to foster investments in mineral develop-
ment that have been designed to achieve so-
und economic, environmental and social ob-
jectives (C a r p e n t e r , 2005). In particular,
mineral policy must deal with allocation of
rights to subsurface resources. Europe has a
tradition of predominately state ownership
of mineral rights, whereas in the United Sta-
tes many mineral rights are held by private
individuals. Regardless of who holds that
right to a mineral deposit, surety about who
holds them is essential. Private investors will
not explore for, develop and extract mine-
rals in the absence of clear, enforceable and
enforced ownership rights.

Competitiveness of the minerals sector
has been, and continues to be an important
issue for policy makers. In the past, compe-
titiveness was believed to be a function of
deposit quality: mines with high grade ores
would have a cost advantage in the market-
place.  The resulting mineral policies focu-
sed on land access and exploration to repla-
ce depleting high quality reserves. It is now
recognized that ore is defined economically
and that technological innovation can lower
cut off grade. Thus, newer mineral policies
often include language supporting research
and development, and encouraging the im-
plementation of innovative practices.

Overall, a country’s national mineral po-
licy should include: policy scope, sovere-
ignty, economics, quality of life, legislative
framework, and regulatory agencies (O t t o ,
1997). It should also clearly define types of
acceptable mineral activity and types of mi-
nerals that can be exploited. These elements
will be addressed further in the section on
mineral policies in transition economies.

POLICIES IN THE EUROPEAN UNION
AND TRANSITION ECONOMIES

Policies in the European Union

At meeting in Lisbon in March 2000, the
European Council adopted a strategy inten-
ded to inform all EU policy initiatives (Lis-
bon European Council, 2000). The goal of
the Lisbon Strategy was to enable the Union
to become, by 2010, the most competitive
and dynamic knowledge–based economy in
the world, capable of sustainable economic
growth with more and better jobs and gre-
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ater social cohesion. The Lisbon Strategy
was revised in the spring of 2005 with a
stronger focus on jobs and growth (EU,
2005a). An Integrated Guidelines Package
was negotiated for the 2005-2008 period and
key areas for achieving Lisbon objectives
were identified. These include: free and fair
trade, improving European infrastructure,
and boosting innovation among others.

The EU Treaty requires the integration of
sustainable development into all European
policies, so they are designed in a balanced
and mutually reinforcing way to meet eco-
nomic, environmental and social objectives.
The EU adopted the Brundlandt Commissi-
on’s sustainable development definition as a
basic guideline. Building on the Lisbon stra-
tegy, the Gothenburg summit adopted “A
European Union Strategy for Sustainable
Development” in 2001 (EU, 2001). It repre-
sented the first EU Sustainable Develop-
ment Strategy and focused on environmen-
tal protection, social equity and cohesion,
economic prosperity and active promotion
of sustainable development worldwide. It
proposed headline objectives and a series of
policy measures. Priorities relevant to our
discussion here included:

• Combat poverty and social exclusion,
• Ensure sustainable transport, and
• Manage natural resources more respon-

sibly.

Since the adoption of the strategy in 2001,
significant changes have occurred: the en-
largement of the European Union to 25
Member States; increased instability due to
the terrorist threats and violence; further
globalisation and changes in EU and world
economy; persistent and increasingly appa-
rent signs of environmental problems.  In
response, the Commission published “On the
review of the Sustainable Development Stra-
tegy: A platform for action” (EU, 2005b).
The updated strategy focuses on a number
of key challenges, including:

• Social exclusion, demography and mi-
gration;

• Global poverty and development;
• Sustainable transport; and
• The management of natural resources.

Prior to the 21st century, the mineral poli-
cies of EU nations tended to be fragmented
and inconsistent, with more emphasis on en-

vironmental protection than on ensuring suf-
ficient supply or supporting competitiveness.
This occurred in part because until recently
EU mineral policies were influenced by three
assumptions:

1. That there will always be total access
to the worlds mineral supplies;

2. That world mineral production will ke-
ep pace not only with increasing mineral
requirements of established industrial co-
untries as well as the newly industrialized
economies, but also with the dynamic growth
of world population; and

3. That the EU will always find the means
to pay increased mineral imports” (S c h e f -
f o l d , 1997).

Clearly, these assumptions are no longer
valid given the current world situation no-
ted above and are inconsistent with the ori-
ginal and reconsidered Lisbon Strategies. A
strong and competitive EU mineral industry
is needed. It can contribute to the interests
of Europe by helping to insulate the EU eco-
nomy from major disruptions in the world
market that might restrict access to essenti-
al raw materials (A l l e g r e , 1991). A policy
framework for sustainable resource mana-
gement will be required both to guarantee
the material basis and energy supply for EU
economy and safeguard the natural resource
basis in future (B r i n g e z u , 2002).

The Communication from the Commissi-
on entitled “Promoting sustainable develop-
ment in the EU non-energy extractive indu-
stry” begins to address this issue (EU, 2000).
The objective of the Communication was to
set out broad guidelines for a sustainable
development-based mineral policy that wo-
uld promote both pollution control and re-
duction, and also industry competitiveness.
Priority issues include a high level of envi-
ronmental protection, land access for explo-
ration, worker health and safety, and rese-
arch and development. The impact of
Communication 265 on national mineral po-
licies is currently being evaluated (TEEC,
2006).

The Strategies and Communications dis-
cussed above not withstanding, the EU has
no declared and agreed upon mineral policy.
(The Constitution that was recently voted
upon specifically stated that the EU would
not have a mineral policy). To date, the EU
has various guidelines that are dispersed in
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many EU documents. For example, indu-
strial policy can promote heavy industry,
transportation infrastructure development,
and export promotion, each of which have
the potential to impact the pattern and level
of mineral material consumption. (H e w e t t ,
1980). Recent policy advice on EU industrial
policy highlights competitiveness. The Com-
munication on Industrial Policy COM474
(EU, 2005c) looks at:

• Screening of competitiveness of 27 sec-
tors (including the non-energy extrac-
tive industry),

• Main policy challenges,
• Setting of cross-sectoral policy initiati-

ves, and
• Setting of sector-specific initiatives.

These and other documents point out cha-
racteristics of sustainable societies, i.e., they
attempt to acknowledge, address and balan-
ce social, economic and environmental con-
cerns. In setting policies for the minerals
sector, EU nations will have to consider the
following several issues in detail as they de-
velop and revise their mineral policies (A n -
c i a u x , 2005):

• Land access,
• Levels of investment,
• Legal framework,
• Human resources and skills,
• Research and development, and
• Access to markets and globalization.

Analysis of Mineral Policy Elements in
Eastern Europe

Mineral policies are usually part of indu-
strial policies of transition countries. While
not typically written in stand-alone docu-
ments, they are firmly coded in mining laws
that have been revised at least twice in re-
cent years. The first revision was a consequ-
ence of the change of socio-economic sys-
tem, i.e., from state planned to free market
economy.  The second change was related to
harmonization to EU legislation in period
prior to uniting with the European Union.

Countries joining the EU go through a
process in which their existing legislation is
screened.  In the case of mining, certain re-
quests are made, for example that mining
legislation be translated into English. Spe-
cific policy and legislative areas are scruti-

nized, including subsidies to the mining sec-
tor, provisions for worker health and safety,
and royalties and concessions. The EU is
particularly interested in ensuring that all
EU members have equal opportunities to in-
vest in the country minerals sector and that
capital can flow freely between EU nations.

It will take years, perhaps several deca-
des, for well-integrated systems of law to
emerge that address the many regulatory
matters associated with mining. Surveys of
EU member states national mineral (plan-
ning) policies were done in 1994 (Land Use
Consultants et al.) and 2004 (W a g n e r ). The
following discussion is based both on these
documents and the knowledge of the aut-
hors. Policy elements introduced by O t t o
(1997) are useful cornerstones for observati-
on of the status and trends of mineral policy
in transition-economy EU member states.
We identify the contents of each of Otto’s
categories, providing detail in selected are-
as; however, comprehensive discussion here
of policy status for all Eastern European
nations is precluded by space limitations.

Policy Scope has following sub-sections:
a) types of mineral activity, b) types of mi-
nerals, and c) relationship of mineral policy
to other national policies.

Types of mineral activity –  –  –  –  – In pre-trans-
ition Eastern Europe, all stages of the mine
cycle, i.e., exploration, mine development,
operation, closure and reclamation, were
typically present wherever there was a mi-
ning industry. Further, there were well esta-
blished linkages to beneficiation, processing
and/or smelting. These phases logically pro-
ceeded to manufacturing, sales, use and dis-
posal of products, including even some recy-
cling. Industry systems were complete in
terms of material flow, but inefficient with
regard to competitiveness, material use, and
environmental protection.

Parts of the mine and product cycles had
been very profitable, either due to the failu-
re to account for externalities or to other
market imperfections. For example, not all
costs, particularly environmental ones, were
included in the production costs. In other
cases, parts of the system were subsidized
either by direct monetary transfers or were
profitable because the state-mandated mar-
ket price of their product was intentionally
set in excess of their costs. Without these
special circumstances, many of the large sta-
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te-owned companies were not able to com-
pete under the open market conditions.

At the beginning of the transition period
the state ceased to regulate or plan materi-
als supply and demand. In many cases, the
state focused on maintaining employment
levels and gave no special attention to the
minerals industry. Previously, the state had
ensured that every activity necessary to mo-
ve minerals from a mine to a product in the
market would be present and linked toget-
her. With, the downfall of central planning,
mineral industry systems broke apart to
small companies. The uncompetitive subsi-
diaries, or business segments, went ban-
krupt. Many of the rest were marketed to
western companies, often at low prices, and
subsequently were reorganized, and down-
sized, in an effort to make them economi-
cally viable. Links in the supply chain di-
sappeared as some newly independent firms
went out of business and others changed
their focus to activities that their new ow-
ners thought would be more profitable than
activities designed to support the minerals
sector had been. Inevitably, mineral produc-
tion and mineral activities in general has
decreased substantially from the pre-trans-
ition era. For example, between 1992 and
2000 mineral extraction in Lithuania redu-
ced to 15 – 22 % of former annual volume
(G a s i u n i e n e , 2000).

Types of minerals – Prior to transition, the
types of minerals produced in Eastern Euro-
pean countries was a function of known na-
tional mineral wealth and planned state ma-
terial demand. Deposits of minerals that
would be considered uneconomic in a market
economy were developed, and production
subsidized, if the resource was deemed ne-
cessary for fulfillment of the central plan. As
noted in the previous section, after the chan-
ge in early 1990s, overall mineral production
decreased; however, the situation was not the
same for all mineral commodities.

Previously, metal production had been
done mostly by large companies, industrial
mineral production by both large and small
companies, and construction materials
mostly in small companies or subsidiaries of
larger companies (construction, brick indu-
stry, cement, etc.). The state usually oversaw
the disposition of large mineral firms, which
were either closed, rehabilitated and/or pre-
pared for privatization, depending on the

quality of the deposit, amount of remaining
reserves, and other factors. Smaller compa-
nies were more or less left to new market
conditions, meaning that they either went
bankrupt or were privatized. In the end, re-
gardless of the size of the firm, only those
commodities that can be sold at a profit will
continue to be produced. However, as is dis-
cussed in a later section, some subsidized
state-owned minerals firms do continue to
exist for the time being.

Over time, as free market supply and de-
mand conditions have taken hold, the eco-
nomies in many Eastern European countries
have begun to recover. That recovery has led
to increased demand for minerals. The mar-
ket response has been a combination of hig-
her prices, selected instances of increased
domestic production, and increased imports.
In the case infrastructure reconstruction and
expansion, and particularly for transporta-
tion infrastructure, the increased demand
for minerals (aggregates) has been met by
domestically extracted resources due to the
low ratio of market value to transportation
costs.

Relationship of mineral policy to other
national policies -     As mentioned above, in
the first half of 1990s economic policy do-
minated other policy priorities in the indu-
strial and mineral sectors. Privatization,
unemployment, and restructuring were the
main issues of concern. In many cases, sec-
toral policies were in conflict. Implementing
one policy would have unintended consequ-
ences, or even generate negative or undesi-
rable outcomes, that would make other
policy goals unachievable. This has parti-
cularly been the case with industrial and
environmental policies (S h i e l d s  et al.,
2002b).

Sovereignty     includes these elements: a)
role of government in investment decision-
making, b) role of State enterprises, c) mine-
ral ownership, d) foreign participation, e)
state equity requirement, and f) local joint
venture or other equity requirements.

Role of government in investment decisi-
on-making –     Most state investments in East-
ern Europe are now  being directed into the
enterprise reorganization, environmental re-
habilitation, and reducing social pressures
(unemployment). Substantial prior explora-
tion by state agencies identified potentially
economic deposits in some countries. Efforts
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to market these deposits through bidding
processes have met with generally unfavo-
rable results (O t t o , 1999).

Regulatory and fiscal frameworks sup-
port investments, but circumstances in East-
ern Europe can make the investment climate
for non-governmental entities challenging.
Often prior-existing mining companies have
past environmental burdens that will make
it difficult, if not impossible, and certainly
costly for them to comply with environmen-
tal regulations posed by European regula-
tory framework. In addition, some Eastern
European governments are attempting to
pass historic environmental burdens on to
privatized mining companies making invest-
ment in those firms less attractive. Invest-
ment climate is also affected by governmen-
tal assumptions about the value of mineral
properties, which has led them to over-valu-
ed certain properties relative to what inve-
stors are willing to pay. In some cases, in-
vestment is also being slowed or stopped by
policies and legislation that is being pro-
mulgated in non- mining areas such as land
use planning.

Role of State enterprises -     New EU mem-
ber states are not founding new state mining
enterprises. All new firms are being esta-
blished by private investors with or without
(mostly) a state share. However, the idea of
keeping state owned (or controlled) enter-
prises has returned to public debate, especi-
ally with regard to strategic mineral or en-
ergy resources. Some countries are now
seeking to continue State mining but under
market-based objectives (O t t o , 1999). This
reemerging thinking is in part a reaction to
market shortages and insufficient supply
that followed the closure of some state firms
and rise of prices that occurred during the
initial transition period.

In addition, state enterprises are in a pri-
vileged position with respect to private sec-
tor because of subsidies and better access to
state agencies services. Subsidies ease their
market position; access to state agencies can
provide additional state assistance in the
areas of exploration, environment perfor-
mance and monitoring and can ensure sales
of minerals to state projects such as infra-
structure construction or building mainte-
nance, or to other state enterprises.

Mineral ownership -     All strategic and high
value, as well as some other, mineral resour-

ces are state owned in Eastern European
nations. In a few countries (Poland, Latvia,
Estonia), bulk materials and construction
materials are owned by the landowner or
other private individuals (W a g n e r , 2004).
In the 1990’s each country re-introduced a
process for granting mining rights. Most re-
quire the payment of fees for the right and
the payment of some form of royalty to the
state.

Foreign participation – Many foreign
companies have participated in the privati-
zation of the mining sector. The nature of
their participation has depended on the le-
gislation of the specific country. In some
Eastern European countries foreign compa-
nies could not mine as stand alone firms
during the early 1990s. They could partici-
pate as part of joint ventures with domestic
companies, which were in many cases esta-
blished with foreign capital. Later, in phase
of joining the EU, foreign companies were
allowed to enter the mining sector directly
(without joint ventures) and many of them
have performed sectoral concentration by
buying smaller companies dealing with the
same or similar commodities. The aggrega-
tes (construction materials) sector was par-
ticularly affected by concentration of pro-
duction capacities.

Economics have an important role in ev-
ery policy. With regard to mineral policy
economic issues include: a) taxation types,
levels and distribution, b) export restricti-
ons, costs, incentives, c) import restrictions,
costs, d) role in economic development, e)
employment requirements, f) conservation
and efficiency, and h) land use.

Export restrictions, costs, incentives -----
Most restrictions on the export of minerals
resources were removed during the first pha-
se of privatization, immediately after the
change from planned to market economy.
Many states are beginning to rethink export
and self-sufficiency policy concepts for parts
of or even for the entire mineral sector. The-
re remains a strong feeling that mineral re-
sources are part of the country’s patrimony
and should be kept for the benefit of the
nation. This attitude, when combined with a
strong preference for exporting value-added
products versus primary materials, has cre-
ated almost an unofficial ban on exporting
raw materials. The issue remains open and
controversial in some countries.
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Employment requirements -     Full employ-
ment was an important policy goal in pre-
transition economies. This led to over-em-
ployment in some sectors, including in the
minerals sector. As state owned enterprises
have been privatized, employment levels ha-
ve decreased to the levels seen in the indu-
stry in other regions of the world. The closu-
re of some firms and decreases in mineral
production has further reduced employment
in the sector. Unemployment was, and re-
mains, a serious social problem in transition
countries.

Land use -     Land use planning is an im-
portant development tool that takes into ac-
count a range of spatial components, such as
environmental protection, biodiversity, pro-
tection of national heritage, etc.). Previously,
mining had priority as a land use due to
overall societal priorities. That is no longer
the case. Obtaining land use permits has be-
come a major obstacle in the mine permit-
ting process in transition economies. When a
mine site has been placed in the local land
use plan, it is a sign that the mine has passed
a major step in obtaining the social license
to mine. There will minimal obstacles to its
continued operation, or its development, as-
suming that the proper environmental per-
mits can be obtained. Conversely, in many
countries it is difficult, if not impossible, to
operate or open a mine that is not in an
approved land use plan.

Quality of life looks at impacts on a) soci-
ety and b) environment.

Social impact –     In transition economy co-
untries, governments finance, or are deeply
involved, in mine closure and restoration. In
these areas the most visible negative social
impacts are unemployment, and other nega-
tive consequences related to unemployment,
such as alcoholism, crime, and family vio-
lence. Substantial money from national bud-
gets is being directed to these areas in order
to help impacted citizens and minimize soci-
al unrest. The state is typically not involved
in the operational phase of most mines and
is much less likely to be dealing directly
with the social impacts of ongoing operati-
ons.  Unfortunately, many mines and open
pits are having little positive impact on local
communities. Employment, if any remains,
is low; contributions to the local economy
are insignificant; and the relationship bet-
ween the mining company and the local com-

munity is often tense. Here the negative im-
pacts have to do with quality of life issues.

Legislative Framework includes: a) ap-
plicable laws, b) exploration/mining rights
regulatory approach, c) exploration and mi-
ning application priority, and d) security of
tenure.

Exploration and mining application pri-
ority – In the past, national geological sur-
veys performed geologic research, conduc-
ted exploration, and collected mineral
information that was used by mining autho-
rities. This information is insufficient for
current uses and is mostly out of date due to
a lack of resources to fund these agencies.
Investments are going into mining operati-
ons and social programs; very little is being
invested by governments in exploration. Co-
untries in Eastern Europe have not formally
identified areas with high mineral potential
for exploration that could and lead to the
tendering of mining rights and subsequent
exploitation. In cases where mining authori-
ties have little or no information on mineral
wealth, areas are chosen by industry and
investors and proposed to mining authoriti-
es for development.

Security of tenure -     Security of tenure is
less assured now by mining policies and le-
gislation than was the case in the past. Ot-
her policies are taking precedence, such as
those related to environmental protection
and the management of other natural reso-
urces. Security of tenure is also endangered
also by pubic opposition to mining. Public
opposition is two-fold: concern about envi-
ronmental protection, and opposition to fo-
reign exploitation of countries’ natural we-
alth. And as is the case in many parts of the
world, legal license to mine is no longer ade-
quate to ensure tenure. Social license to mi-
ne is also necessary and that is granted by
the public rather than the state (S h i e l d s
et al. 2006).

Regulatory agencies are a) governmental
agencies or organizations mandated for b)
mineral information.

Information availability -     Official mine-
ral information is obtained from government
agencies. Some countries have official infor-
mation support organizations such as geolo-
gical surveys or mining institutes. Reporting
of minerals and mining information both
obligatory and voluntary. Obligatory infor-
mation is typically related to mineral pro-
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duction and economic reserves, and is col-
lected annually. Voluntary information col-
lection usually relates to specific projects
and is collected over the duration of the pro-
ject. Support organizations also collect and
disseminate other data such as research re-
sults. Much existing mineral information is
neither adequate nor sufficient for the needs
of policy makers, land managers, investors,
NGO’s, and the general public.

CONCLUSIONS

Policies are typically judged on their cost-
effectiveness, equity, administrative flexibi-
lity and feasibility, and efficiency. These cri-
teria interact and also vary in importance
depending upon the issues being addressed
(S t e r n e r , 2003). A more over-arching crite-
rion against which to judge a policy is the
degree to which it facilitates achievement of
societal goals. Granted, the legislation codif-
ying policies may inadequately capture the
policy intent; the regulatory frameworks may
encourage behavours that are at odds with
the original goals; and the implementing and
enforcing agencies may have their own con-
flicting, or at least different, agendas. All
that not withstanding, the fundamental qu-
estion is whether a policy has the potential to
generate desired outcomes. This is not a sim-
ple question to answer. Policies intended to
produce a specified result almost always ha-
ve other results as well. Sometimes pursuing
one goal precludes reaching another. But, so-
metimes the policy is simply insufficient to
the task or poorly crafted.

The countries of Eastern Europe are go-
ing through a period of major changes. Their
economies are transitioning toward free
markets and ten have already joined the EU.
A process of policy revision is ongoing. Re-
garding minerals, governments main functi-
on is promulgating policies and facilitating
mineral resource management in ways that
are consistent with general and specific so-
cietal objectives. The goals of interest here
are mineral sector competitiveness, mine-
rals availability and sustainable develop-
ment. Unfortunately, some of the policies
currently being implemented are inconsi-
stent with the precepts of free markets, will
hamper the country’s ability to achieve ot-
her goals, or are in conflict with the princi-

ples of sustainable development. The exam-
ples below are representative of these pro-
blems.

Policies protecting national mineral we-
alth and precluding exports are inconsistent
with EU goals of greater economic integra-
tion. Mining companies diversify sources of
supply as a means of improving their reserve
position and as a protection against supply
interruptions, i.e., so as to ensure mineral
availability.  If countries limit the free flow
of materials they limit minerals availability.

Policies that insist on the utilization of
domestic resources, or that promote self suf-
ficiency, may decrease the likelihood of sup-
ply interruptions at the potential cost of pro-
ducing a resource that is neither the most
economically efficient nor the least environ-
mentally damaging. Such an outcome is in-
consistent with both goals of competitive-
ness and sustainability.

Infrastructure reconstruction and expan-
sion is occurring in all transition economies,
but to date policy revisions have largely fo-
cused on metallic and industrial minerals.
Minimal effort has been put into developing
policies for construction materials. This si-
tuation will make achieving the EU’s goals
for sustainable transport even more challen-
ging. Moreover, mineral policies in isolation
will not ensure availability of aggregates ne-
eded for transportation infrastructure. Only
by comprehensively addressing the interac-
tions of the minerals sector with other sec-
tors will nations be able to ensure adequate
supply. This is not currently being done.

Mineral policies in Eastern Europe as they
now stand will not ensure adequate and suf-
ficient mineral supply provided in a manner
that is consistent with sustainable develop-
ment principles. There is a need for new
mineral policies that are consistent with EU
legislation and directives covering a vast
multitude of topics. This process will ne-
cessarily be different for each country. De-
spite the fact that significant political, eco-
nomic, technological and social obstacles
will need to be overcome, there is a clear call
for a minerals policy framework on the EU
level and minerals policy on member state
level.

Paper was presented in Sarajevo, BIH, at
the “5th Pan-European Conference on Plan-
ning for Minerals and Transport Infrastruc-
ture: the way forward!” in May 2006.
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Nove knjige – New books

Uro{ PREMRU, 2005: TEKTONIKA IN TEKTOGENEZA SLOVENIJE Geolo{ka zgradba
in geolo{ki razvoj Slovenije (Tectonics and tectogenesis of Slovenia); pp 518; format A4;
prilo‘enih 5 kart: Narivna in nagubana zgradba Slovenije (81 × 59 cm), Shematski preseki
narivne in nagubane zgradbe (67 × 47 cm), Karta pomembnej{ih prelomov (67 × 47 cm),
Obdobja glavnih deformacij v Sloveniji (67 × 47 cm) in Palinspasti~na karta Slovenije (60 × 49
cm); prevod v angle{~ino Simon Pirc; naklada 300 izvodov. Izdajo knjige sta finan~no podprla
Ministrstvo za visoko {olstvo, znanost in tehnologijo ter Geolo{ki zavod Slovenije. Izdal in
zalo‘il Geolo{ki zavod Slovenije.

Pred nami je te‘ko pri~akovano in obse‘no delo Uro{a Premruja, tektonika v skupini
raziskovalcev za izdelavo slovenskega dela Osnovne geolo{ke karte Jugoslavije 1 : 100.000. Ta
sestavek je obvestilo o izidu knjige in na kratko seznanja zainteresirane z njeno vsebino.

Knjiga Tektonika in tektogeneza Slovenije je zasnovana sistemati~no in obse‘no in ima tri
razdelke. V prvem so uvodna poglavja (strani 5-51). Uvod, metode raziskav, kjer avtor pred-
stavi osnovne podatke ter kriti~no analizo podatkov, ki je zajela facialno analizo sedimentnih,
magmatskih in metamorfnih kamnin, analizo pred-, med in postdeformacijskih tektofaciesov
ter analizo prelomnih sistemov, narivne zgradbe, nagubane zgradbe in globokih struktur.
Seznani nas z metodologijo sinteze zbranih podatkov. Nato predstavi dosedanje raziskave in
na kratko poda splo{ni prikaz geolo{ke zgradbe in tektogeneze slovenskega prostora.

Drugi razdelek je najobse‘nej{i (strani 52-382). V njem je obravnavana Tektonika raziska-
nega ozemlja. Opisane so posamezne tektonske ere s pripadajo~imi strukturno- facialnimi
enotami ali conami. Najprej predstavi strukturno-facialne enote Bajkalske (?) in Kaledonske
tektonske ere v Avstroalpidih in v Ju‘nih Alpah, nato strukturno-facialne enote varisci~ne
(hercinske) tektonske ere v Avstroaplidih, Ju‘nih Alpah, Dinaridih in Panonidih; strukturno-
facialne enote staro alpidske tektonske ere v Avstraloalpidih, Ju‘nih Alpah in Dinaridih;
strukturno-facialne enote staro alpidske in srednje alpidske tektonske ere v Dinaridih; struk-
turno-facialne enote srednje alpidske in mlado alpidske tektonske ere v Panonskem bazenu in
Jadranskem bazenu, poleg pa opi{e {e miocensko-pliokvartarne     kontinentalne tektofaciese     v
osrednjih Dinaridih, jugovzhodnih Dinaridih, Ju‘nih Alpah in Avstroalpidih ter sredogorne
udorine miocensko-pliokvartarne starosti ter {tevilne pliokvartarne udorine, npr. Ljubljansko
in druge. Strukturno-facialnim enotam sledi poglavje o narivni in nagubani zgradbi, kjer so
opisane deformacije obdelanega ozemlja, obdobja deformiranja in tipi deformiranja. Pred-
stavljena je narivna zgradba Avstroalpidov (Vzhodnih Alp), Severnih Karavank, vplivnega
obmo~ja Periadriatskega lineamenta, Ju‘nih Alp (narivi Julijskih in Savinjskih Alp, Ju‘nih
Karavank, Posavskih gub), Dinaridov, Balatonskega pasu in Panonskega bazena. Posebej so
opisane  antiforme in sinforme, osi gravimetri~nih anomalij, osi magnetnih anomalij, obro~a-
ste strukture in prelomni sistemi. Ti so razdeljeni po tektonskih erah, posebni poglavji pa sta
posve~eni neotektonskim prelomnim sistemom in seizmotektoniki.

Tretji razdelek je Tektogeneza (strani 383-452) obravnavanega ozemlja skozi geolo{ko
zgodovino, kjer je v lu~i tektonike plo{~ pojasnjen ~asovni potek in stil deformiranja ter
zakonitosti razmestitve strukturno-facialnih con. Tu je prvi~ v na{i geolo{ki literaturi obdelan
proces geneze slovenskega ozemlja na enem mestu. Tako kot faktografska sistematika je tudi
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dogajanje opisano v poglavjih Kaledonska in Varisci~na tektonska era (500-225 milijonov let),
Staro alpidska tektonska era (225-65 milijonov let), Srednje alpidska tektonska era (65-20
milijonov let) in Mlado alpidska tektonska era (20 milijonov let do danes).

Sledi prevod v angle{ki jezik (strani 453-473), ki ga je pripravil prof. dr. Simon Pirc,
Literatura (strani 474-485) in Kazalo stvarnih in geografskih imen (strani 487-518).

Pred nami je obse‘no in sistemati~no koncipirano geolo{ko delo o tektoniki slovenskega
ozemlja, prvo te vrste, ki zajema napore in znanje cele generacije geologov, raziskovalcev pri
izdelavi Osnovne geolo{ke karte. Z ob‘alovanjem pa ugotavljam, da knjiga pred izidom ni
do‘ivela strokovne recenzije, zaradi ~esar je predstavljena ideja o tektonski zgradbi in tekto-
genezi Slovenije avtorjev osebni pogled na to pomembno naravoslovno vpra{anje, ki pa bo
vsekakor moral prestati strokovni pretres. V naravi stvari je, da tektonske interpretacije, tako
kot vse hipoteze v znanosti, nikoli niso dokon~ne. Vendar pa iz osebnega poznavanja avtorje-
vega dela lahko trdim, da vsebuje TEKTONIKA IN TEKTOGENEZA SLOVENIJE {tevilne
faktografske podatke in interpretacijske re{itve, ki so bile in so {e vedno inovativne.

Ladislav Placer

Marko KOMAC, 2005: Napoved verjetnosti pojavljanja plazov z analizo satelitskih in
drugih prostorskih podatkov, 232 strani in 52 strani prilog, format 17 x 24 cm, trda vezava.
Izdal in zalo‘il Geolo{ki zavod Slovenije, naklada 300 izvodov.

Knjigo dr. Marka Komaca lahko uvrstimo v tisti del obrambe pred zemeljskimi plazovi, ki
sodi v prou~evanje in napoved posledic tega pojava na okolje in za ~loveka.

Osnovna tema knjige je napovedovanje verjetnosti pojavljanja plazov. Avtor z uporabo
modernih statisti~nih orodij, uporabljenih na prostorskih podatkih iz razli~nih virov, za
osrednje obmo~je Slovenije napoveduje stopnjo tveganja zaradi plazov. Bralcu knjige poka‘e,
kako naj se med seboj statisti~no pove‘ejo razli~ni viri prostorskih podatkov in kako se na tej
osnovi izdela napoved verjetnosti pojavljanja plazov.

Na uporabljenih podatkih z metodami univariatne statistike najprej dolo~i vplive posame-
znih dejavnikov, kot so litolo{ka zgradba in naklon terena, na pojavljanje posameznih tipov
plazov. Sledi ugotavljanje mo‘nosti napovedovanja plazov s pomo~jo podatkov daljinskega
zaznavanja z visokospektralnimi satelitskimi podobami Landsat-5 TM in visoko-lo~ljivimi (8
metrov) satelitskimi podobami Resurs-F2 MK-4. Medsebojne odnose med vplivnimi dejavniki
razi{~e z metodami multivariatne statistike in poda njihov posamezni relativni prispevek k
nastanku oz. pojavu posameznih tipov opazovanega pojava. Kon~no preu~i ve~je {tevilo
modelov za napoved potencialnih plazovitih obmo~ij in na osnovi najprimernej{ega izbranega
napovedovalnega modela izdela karto verjetnosti pojavljanja plazov na obravnavanem ob-
mo~ju ter oceni ogro‘enost zaradi njihovega pojavljanja. Prakti~en rezultat tega dela je
dobljena karta tveganja za obmo~je osrednjega dela Slovenije v velikosti 35 x 35 km.

Skozi celotno delo je avtor razvil uporabno metodologijo za izdelavo kart verjetnosti
pojavljanja plazov. Dobljena metodologija ima lahko {iroko uporabo pri izdelavi razli~nih
prostorskih aktov, pri na~rtovanju vzdr‘evalnih del za ceste, ‘eleznice, plinovode in drugo
infrastrukturo, pri dolo~evanju zavarovalni{kih premij za nepremi~nine, itd.

Mihael Ribi~i~
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Evgen DERVARI^, Uro{ HERLEC, Jakob LIKAR, Uro{ BAJ@ELJ & Vojko STAHOVNIK,
2005: Rudniki in premogovniki v Sloveniji, 175 str., 24 x 32 cm

Slovenija je od nekdaj slovela po mineralnih surovinah. Rude so za~eli kopati in topiti ‘e
pred rimskimi ~asi, v Idriji so v pol tiso~letja obratovanja pridobili ve~ kakor desetino
svetovne proizvodnje ‘ivega srebra, in na{i strokovnjaki so razvili slovito velenjsko metodo
odkopavanja premoga na ~elu, {irokem do 150 m. Ob 150-letnici velenjskega premogovnika so
izdali knjigo, v kateri je nad dva ducata strokovnjakov zbralo {tevilne zanimive podatke, da
bo pritegnila tudi bralca, ki mu sicer ta problematika ni dosti mar. Uredil jo je Vojko
Strahovnik, uvod pa je napisal Evgen Dervari~.

Lepo izdelana in ilustrirana knjiga formata 24 x 32 cm ni samo fotografska monografija,
kakr{ne pogosto natisnejo ob raznih jubilejih, marve~ poljuden uvod v stroko in v njen razvoj
ter uporaben zbornik podatkov o zgodovini rudarstva v Sloveniji. Te‘i{~e knjige je na premo-
gu in manj na rudah. Opisani so tudi muzeji in zbirke, izobra‘evalne ustanove, in ni pozabljen
vpogled v rudarsko izro~ilo. Bralec dobi predstavo o pomembnem vplivu te dejavnosti na
industrijski razvoj, nastanek delavstva in rast gospodarske mo~i Slovenije.

Zanimiva sta poljudna sestavka o nastanku premogov iz organskih ostankov in o nastanku
poglavitnih rud na Slovenskem. Ne ka‘e spregledati poudarka, da je poznavanje mineralnih
surovin potrebno vzdr‘evati in dopolnjevati, saj najbr‘ {e pride prav v prihodnosti. Dodana
sta zemljevida z nad sto nekdanjimi rudniki in nahajali{~i premoga – od {ote prek lignita,
rjavega in ~rnega premoga do antracita - in prek dvesto, zdaj opu{~enih rudnikov in nahaja-
li{~ svin~evo-cinkove, bakrove, piritne, boksitne, ‘elezove, manganove, uranove, ‘ivosrebrove,
antimonove in arzenove rude ter zlata.

Podrobneje so opisani premogovniki, edina {e delujo~a Velenje in Trbovlje-Hrastnik ter
opu{~eni La{ko, Kani‘arica, Senovo, Zabukovica-Liboje ter Le{e in nekateri manj{i na Koro-
{kem. Zanimiv je podatek, da je v Sloveniji {e okoli 2 milijardi ton mo‘nih zalog raznih vrst
premoga, predvsem na obmo~ju Velenja, Kr{kega in v Prekmurju. Izmed rudnikov so {ir{e
predstavljeni ‘ivosrebrov rudnik Idrija, svin~evo-cinkov Me‘ica in uranov rudnik @irovski vrh.

@al se je prikradlo v vsebinsko bogato knjigo nekaj pomanjkljivosti. Viri podatkov, kart in
slik niso navedeni, zato bralcu knjiga ne more pomagati do izvirne in bolj poglobljene
informacije. Likovna oprema ni najbolj posre~ena. Srebrne ~rke naslovov poglavij in opisov
na temni osnovi so slabo berljive; osnova sama je pa videti zanimiva – posnetki kamnin, rude,
mineralov ali ~esa, vendar tega ne zvemo, ker ni opisov. Slednji~ bi zaslu‘il poseben komentar
slovar rudarskih izrazov na koncu knjige. Gre namre~ zve~ine za germanizme iz ~asov, ko je
v rudarstvu krojil usodo Nemec. Po nekaj generacijah na{ega rudarskega {olanja se je tudi v
jami uveljavilo slovensko izrazje.

Na{tete pripombe knjigi ne jemljejo njene temeljne vrednosti: opozoriti javnost na zelo
pomembno vlogo rudarstva na Slovenskem v preteklosti. Zdaj tu klasi~nega rudarstva skoraj
ni ve~, izjemi sta kot re~eno le {e premogovnika v Velenju in Zasavju. Je pa rudarstvo v {ir{em
pomenu {e vedno zelo pomembna gospodarska panoga, predvsem za dobivanje gradbenih
surovin: gline, peska, proda in gradbenega kamna.

Knjiga je vsekakor lepa obogatitev, sicer skromne police knjig o rudarstvu in geologiji na
Slovenskem.

Simon Pirc
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Josip TI[LJAR, 2004: Sedimentologija klasti~nih i silicijskih talo‘enja, Institut za geolo{ka
istra‘ivanja, Zagreb, 426 str., bro{irano, 18,5 x 24,4 cm.

Akademik prof. dr. Josip Ti{ljar je po izdaji knjige »Sedimentologija karbonata i evaporita«, ki
je iz{la leta 2001, napisal drugo knjigo z naslovom Sedimentologija klasti~nih i silicijskih talo‘e-
nja. Obe knjigi obravnavata dopolnjeno in posodobljeno vsebino, ki jo je avtor podal v u~beniku
»Sedimentne stjene«, ki ga je leta 1994 izdala Univerza v Zagrebu in predstavlja raz{irjeno in
dopolnjeno drugo izdajo u~benika »Petrologija sedimentnjih stjena«, ki je iz{el leta 1987.

Knjiga Sedimentologija klasti~nih i silicijskih talo‘enja je razdeljena na pet delov.
V prvem delu obravnava nastanek klasti~nih sedimentov in njihove teksturno-strukturne

zna~ilnosti. Podana je razprostranjenost, vloga in pomembnost sedimentov in sedimentnih
kamnin v Zemljini skorji ter njihova osnovna razdelitev. Slede procesi nastanka klasti~nih
sedimentov: preperevanje, transport, sedimentacija in diageneza. Teksturne-strukturne zna-
~ilnosti in sestava klasti~nih sedimentov in sedimentnih kamnin obravnava sedimentne teks-
ture, med katerimi so podani razli~ni tipi plastnatosti in primarnih ter sekundarnih sediment-
nih tekstur, sestavo zrn, njihovo velikost, morfologijo ter zna~ilnosti zloga (orientacije in
zgo{~enosti). Podrobneje so opisane metode dolo~anja velikosti zrn ter nekateri vidiki inter-
pretacije njihove porazdelitve.

Drugi del obravnava sistematiko in diagenezo klasti~nih kamnin. Pri~enja se z debelozrna-
timi kamninami - konglomerati in bre~ami, slede srednjezrnate kamnine - pe{~enjaki in
drobnozrnate, muljaste kamnine ter rezidualne kamnine – lateriti, rezidulane gline, rde~a
zemlja (terra rossa) in boksiti ter na koncu vulkanoklasti~ne kamnine.

Tretji del je posve~en nastanku in diagnezi kremeni~nih sedimentov in sedimentnih kamnin
- ro‘encev.

V ~etrtem delu so na kratko obravnavani organogeni sedimenti – premogi.
Peti del je posve~en mehanizmom, pogojem in okoljem sedimentacije ter metodologiji

zbiranja relevantnih podatkov, na temelju katerih je mo‘no podati interpretacijo faciesov in
vseh drugih sedimentacijskih pogojev klasti~nih, vulkanoklasti~nih in kremeni~nih sedimen-
tov. Najprej obravnava odnos med sedimentacijskimi okolji in faciesi na splo{no, nato pa
podrobneje kontinentalna – pu{~avska in eolska, ledeni{ka, re~na, jezerska in mo~virska ter
prehodna - deltna sedimentacijska okolja ter kon~no razli~na morska – klasti~ne obale,
plitvomorska – {elfna, globokomorska sedimentacijska okolja klasti~nih sedimentov ter njiho-
ve faciese.

Na koncu je navedena obse‘na literatura, tolma~ angle{kih izrazov in stvarno kazalo. Zelo
koristen je tolma~ (slovar~ek) angle{kih pojmov, ki so bili uporabljeni zaradi pomanjkanja
doma~e (hrva{ke) strokovne terminologije.

Tekst je pisan jasno in razumljivo ter je bogato ilustriran z risbami, terenskimi in mikro-
skopskimi fotografijami. Ve~ina ilustrativnega materiala izvira iz raziskav hrva{kega ozem-
lja, risbe pa so delo avtorja.

Knjiga naj bi slu‘ila kot usmeritev in pomo~ raziskovalcem, {tudentom in vsem geologom,
ki raziskujejo klasti~ne in kremeni~ne sedimente in sedimentne kamnine za izdelavo geolo-
{kih, in‘enirsko-geolo{kih in hidrogeolo{kih kart ter za potrebe raziskovanja in izkori{~anja
mineralnih surovin. Koristna pa bo tudi strokovnjakom drugih, predvsem geotehnolo{kih in
okoljevarstvenih strok, ki se ukvarjajo s posegi v obmo~ja, kjer nastopajo klasti~ni sedimenti
in sedimentne kamnine.

Dragomir Skaberne
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Gertrud BARI^, 2006: Naftna geokemija

Pred nami je obse‘na knjiga dr. Gertrud Bari}. Ker poznam znanje in izku{nje avtorice ‘e
vrsto let, me ne presene~a tudi kakovost vsebine. Z raziskavami in analitiko organskih
derivatov, od mati~nih kamnin do naftnih polj ter iz~rpane nafte in plina, se ukvarja ‘e od leta
1968, ko se je zaposlila v INA-Naftaplin. Doktorirala je v Ljubljani na Fakulteti za naravo-
slovje in tehnologijo s podro~ja organske kemije. Takrat smo za~eli tudi sodelovati na po-
dro~ju izotopske geokemije. Njena bibliografija je mednarodno bogata, kar nam zagotavlja
visok nivo in mednarodno usklajenost podanih vsebin.

Knjiga ima 253 strani in je iz{la spomladi leta 2006 pri INA INDUSTRIJA NAFTE, d.d. Zagreb,
Kigen, d.o.o. Zagreb. Tehni~no je zelo lepo urejena. Grafi~ne priloge so za tip izdaje – mehka
vezava – dodelane in pregledne. Literatura je obse‘na in zajema zelo {irok ~asovni interval, kar
nam omogo~a, da dobimo vpogled v napredek poznavanja razvoja naftne geokemije.

Avtorica nas popelje od organskih faciesov, preko dozorevanja organske snovi v kerogene,
do nastajanja in migracije nafte in plina. Potem se posveti sekundarnim procesom in opredeli
naftni sistem s klasifikacijo. Njej najbli‘ji je tisti del, kjer obravnava geokemijo izvornih
kamnin in biomarkerje z vso analitiko. Vse to spet zdru‘i v genetski karakterizaciji ogljikovo-
dikov. Zadnji poglavji sta seveda posve~eni izvornim kamninam in ogljikovodikom na
Hrva{kem, saj je tam naftna industrija pomembna in visoko razvita, tako raziskovalno kot
tehnolo{ko.

Nespecializiranemu bralcu, kakor tudi poglobljenemu {tudiju njenega dela o genezi in
prepoznavanju ekonomsko pomembnih ogljikovodikov bo v veliko pomo~ obse‘en slovar
strokovnih izrazov na koncu knjige.

Torej, knjigo Gertrud Bari}, ki sem jo prebral z veseljem, priporo~am vsem, ki se ukvarjajo
z geokemijo organske snovi, pa tudi tistim, ki se ukvarjajo z raziskavami sedimentacijskih
bazenov, ki so praviloma bogati z organsko snovjo. Zvedeli boste kar precej stvari, ki dajejo
pomembnost dozorevanja biomase v naftne derivate. Obenem ‘elim poudariti, da je prisotnost
organske snovi v sedimentih izjemno pomembna pri diagenezi sedimentacijskih bazenov,
~eprav rezultat niso vedno ekonomske zaloge.

 Jo‘e Pezdi~
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Recenzije – Reviws

Meta DOBNIKAR, Edo FERME, Marjeta HUMAR, Simona JARC, Miha JER[EK, Drago
MLAKAR, Borut RAZINGER & Marko [TURM, 2005: Gemolo{ki terminolo{ki slovar, 230
str., format 14,4 x 21,5 cm, trda vezava.

Pred kratkim smo dobili slovenski gemolo{ki terminolo{ki slovar. S tem je zapolnjena vrzel
v zanimivi vedi o dragih in okrasnih kamnih ter je tako vlo‘eni trud vse pohvale vreden.

Kot pri vsaki znanstveni ali strokovni razpravi pa prihaja do razlik v mi{ljenjih, do
nerodnih formuliranj pri definiciji neke-ga pojma, do neza‘elenih napak itd. V naslednjem
‘elim prikazati take neskladnosti.

1. V vsem slovarju uporabljajo avtorji izraz  “kamen” v smislu “dragi kamen”. Ta pojav, ki
se imenuje elipsa t.j. izpu{~anje enega ali ve~ stav~nih ~lenov, je opravi~ljiv samo takrat,
kadar je popolnoma jasno, zakaj ta ~len izpu{~amo. Nemogo~ pa je ta izraz n.pr. na str. 103 z
izto~nico NAHAJALI[^E KAMNOV z razlago, da je to “obmo~je......kjer je ve~ja koli~ina
kamnov primerna za izkori{~anje”. Navedeni angle{ki izraz »gem deposit« je popolnoma
jasen, do~im je po slovenski razlagi lahko tako nahajali{~e vsako prodi{~e; isto velja za na str.
79 dano izto~nico KAMEN z razlago, da je to »naravna .....snov, ki se vgrajuje v nakit«.
Smatram, da je treba zadr`ati izraz »dragi kamen«.

2. Skozi ves slovar se vle~e nejasen in dvosmiseln pogled na velikost zrn ali kristalov v
nekem mineralnem agregatu. Dosledno se uporablja izraz »drobnokristalen kremen« za kalce-
don, ki je kriptokristalen agregat kremena. V slovarju najdemo na str. 50 pod DROBNOKRI-
STALNA SNOV, da je to snov, katere kristali so vidni z opti~nim mikroskopom.« in da je ang.
»microcrystalline substance«. Pod KRIPTOKRISTALNA SNOV (str. 86) je razlaga, da je
»snov, katere kristali niso vidni z opti~nim mikroskopom«  in da je ang. cryptocrystalline
substance«. Razlaga za kriptokristalno snov odgovarja kalcedonu, za drobnokristalno snov pa
ne. Vendar pa je ravno ta pogre{ana razlaga prevladujo~a v slovarju. @e sam izraz » kriptokri-
stalen« pomeni »skrito« in torej nima zveze z «drobno«. Kako moremo primerjati n.pr. alaba-
ster, ki je drobnozrnata sadra s kalcedonom?

3. Namen slovarja je, da nam pojasni, kaj pomenijo posamezne izto~nice. Pred to razlago
stoji v~asih v mali pisavi vrednostni ozna~evalnik kot trg., napa~no, zastar., in tu smo ve~krat
v zadregi. N.pr. INDIJSKI @AD...napa~no «zelen aventurinski kremen«. Pod izto~nico INDIJ-
SKI TOPAZ imamo celo 3 razlage pomena in pred vsemi tremi stoji napa~no. Kaj torej
pomenita ti dve izto~nici? [e bolj o~ividno je to n.pr. pri izto~nici KALIFORNIJSKI RUBIN.
napa~no »rde~ granat«. Kaj je torej KALIF0RNIJSKI RUBIN?

V~asih sploh ni jasno, na kaj se nana{a vrednostni ozna~evalnik: n.pr. KALCEDONOV
ONIKS...trg. »dvoplastni sivo-bel kalcedon«. Kam spada torej trg., k izto~nici ali k razlagi. Pri
ozna~evalniku - napa~no« se nana{a obi~ajno na razlago, pri “trg” pa kot zgleda na izto~nico,
a oba sta pisana na istem mestu.

4. Problem je tudi foneti~na izgovorjava raznih izto~nic; ne moremo jih namre~ vse po vrsti
izgovarjati kot da so angle{kega izvora. N.pr. str. 53 EBAV[IRANJE. Beseda je nastala iz
francoske »ébaucher« ter se torej izgovarja »ebo{iranje«. Nemci izgovarjajo au kot au, ne pa
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kot av. Mineral HAUSMANNIT se izgovarja torej kot »hausmanit« ne pa kot »havsmanit«.
FRAUNHOFERJEVE ^RTE so torej »fraunhoferjeve...« ne pa »fravnhoferjeve..«.

5. Skozi ves slovar se vle~e izraz “lik” pri kristalografskih opisih in razlagah. Kot nas u~i
geometrija so liki omejene ploskve kot n.pr. trikotnik, ~etverokotnik, krog itd. in so torej
dvodimenzionalen pojem. Razne oblike kristalov t.j. tridimenzionalne geometrijske oblike so
pa telesa. Prav tako je napa~no n.pr. na str. 153 pod TETRAGONALNA PIRAMIDA, da naj bi
bila “lik.., katerega ploskve se sekajo v skupni to~ki...”. Pravilno bi moralo biti, telo teloka-
terega ploskve pla{~a se sekajo...”.

6. V slovarju je med izto~nicami navedena kopica mineralov, predvsem obarvanih, obi~ajno
z nizko trdoto in ki niso niti dragi, niti okrasni kamni n.pr. amesit, halit, halloysit, paligorskit
itd. ^e je vzrok temu ‘elja, da se zadovolji zbiratelje barvnih mineralov brez ozira na njihovo
gemolo{ko vrednost, je v redu, sicer pa je nepotreben balast. Ni pa jasno, s kak{nim namenom
navaja slovar n.pr. ~rne minerale kot hromit, magnetit, maghemit, manganit itd.

7. Posamezne va‘nej{e pripombe k izto~nicam so slede~e:
Str. 16 ALABASTER – V smislu slovarja bi bilo umestno pojasniti, da se lepo obarvani

alabaster uporablja za izdelavo okrasnih predmetov.
Str. 18 ALOKROMATSKI MINERALI – Nerodna formulacija, da je “brezbarven mineral,

razli~no obarvan...”
Srt. 20 ANGLEZIT – Ni karbonat, temve~ sulfat; formula pa je pravilna.
Str. 20 ANIOLIT – Podro~je rabe ni “trg”, temve~ strokovno. V sestavu kamnine ni omenjen

beli plagioklaz. Nepravilno je tudi, da je sestavni del “neprosojen rubin”. Al2O3 nastopa
namre~ v aniolitu delno kot neprosojen korund, v glavnem pa kot prosojen do prozoren rubin;
`al pa je zadnji dostikrat ve~ ali manj razpokan, tako da so ve~ji primerki rubina redki.
Tanzanijski rudnik rubina Longido dobiva rubin izklju~no iz aniolita. Izbrani kosi te kamnine
slu`ijo tudi kot lep okrasni kamen.

Str. 21 APATIT – Ni “eden od skupine mineralov.. “, ampak je splo{no ime za skupino. IMA
(International Mineralogical Assotiation) naziv apatit  ne priznava ve~, Strunz pa ga uporab-
lja kot skupinsko ime.

Str. 24 BARIT – Pri opisu barv manjka »brezbarven« . (Glej krasne primerke v septiolarijih
na avtocest Maribor-[entilj)

Str. 26 BERIL – V smislu slovarja bi morali dodati, da so njegovi razli~ki akvamarin,
smaragd itd.

Str. 37 CEYLONIT – Nejasna je navedba... z razmerjem Mg:Fe= 3:1 in 1:1. Po Ramdohrju je
naziv minerala ceylanit.

Str. 37 CIBJO – Prevod je treba popraviti v »Mednarodna organizacija za nakit, draguljar-
stvo, zlatarstvo, diamante, bisere in drage kamne«.

Str. 41 ^RNI KRISTAL OPAL – Razlaga je nerodna: »prozoren brezbarven dragi opal s
temno osnovno barvo«.

Str. 47 DIASPORESCENCA – Namesto »...diaspora v rubinu« je bolj umestno »...diaspora
na korundu«.

Str. 59 FOSILNI BISER – naj bi bil »okamenel biser«, ~eprav ni jasno, kaj naj to pomeni.
Str. 61 GEMA – V prvotnem smislu je gema vbo~ena reliefna podoba (intaglio), kameja (str.

79) pa izbo~ena.
Str. 63 GLINICA – Angle{ki izraz je »alumina«, ne pa »hydrated alumina«.
GROSULARIT – Ni mineral grosular, temve~ kamnina sestavjena prete‘no iz grosularja.
Str. 70 HRIZOLIT – Nepravilna je razlaga, da je zastarel naziv za hrizoberil, peridot,

turmalin. Pravilno je, da ja hrizolit ime za mineral olivin ali peridot. Hrizoberil in turmalin sta
druga minerala.

Str. 70 HRU[KA – Ni »...hru{kast sinteti~ni kristal...«. Je le oblika sinteti~nega minerala,
dobljenega z Verneuilijevim postopkom.

Str. 80 KAMENA STRELA – Kot sinonim bi morali navesti: napa~no »cerkni{ki diamant«.
Str. 81 KARNEOLOV ONIKS – Dvoplasten oran‘no - bel kalcedon je sardoniks. Izto~nica

pa je nesmiselna tako kot kalcedonov oniks (str. 78), saj pomeni isto kot n.pr. korundov rubin.
Str. 82 KIMBERLIT – kot sinonim je navedena »modra zemlja«. Ta izraz ni pravilen, ker se

nana{a na kamnino kimberlit v sve‘em stanju. Ta je tedaj modrozelene do modrosive barve ter



181

so jo zato v Kimberleyu imenovali »blue ground«, kar bi bolj odgovarjalo na{emu izrazu
modra osnova ali podobno, ne pa izrazu zemlja. V povr{inskem delu kimberlit preperi v
rumeno preperino »yelow ground«; ta pa je prstena

Str. 85 KORUND – V smislu slovarja bi bilo potrebno navesti drage razli~ke rubin, safir itd.
Str. 95 MAGHEMIT – Ne dr‘i, da je neobstojen mineral, pa~ pa ga je te‘ko prepoznati. Prav

tako ne dr‘i, da je spinel; va‘na njegova lastnost pa je, da je magneten.
Str. 98 MELILIT – Strunz uporablja v novi klasifikaciji to ime samo {e kot skupinsko ime

za 10 mineralov.
Str.101 MODRI KREMEN – Kaj naj pomeni, da je »...modro obarvan zaradi neoksidiranega

krokidolita, rutila...« Ni jasno, kaj naj bi bil oksidirani krokidolit, rutil itd...
Str. 101 MOISSANIT - Ni samorodna prvina, ampak spojina SiC.
Str. 104 NEFRIT Naj bi bil ‘ilav drobnozrnat razli~ek aktinolita ali tremolita. V resnici je

mikrokristalen, mo~no prepleten, vlaknat agregat aktinolita in je zato tako ‘ilav.
Str. 109 OKRASNI KAMEN – ^udna je razlaga, da je v naravi pogost kamen..., katerega

masa se meri v karatih in gramih«. Prvi~ niso pogosti, drugi~ pa ne dr‘i, da se meri njihova
masa samo v ct in gr. N.pr. za malahit kot zelo cenjen okrasni kamen navaja Sinkakas (Van
Norstrand Standard Catalog of Gems) ceno v librah, isto za amazonit, lepo obarvani alabaster
itd. Tehtanje z manj{imi enotami ostaja za redkej{e in vrednej{e okrasne kamne, kot so
nekatere vrste kalcedona, kremena itd.

Str. 112 ORGANSKA SNOV – Je po slovarju »...snov.., ki se uporablja za izdelavo nakita...«.
Ker je izto~nica splo{en pojem, je definicija neumestna.

Str. 113 ORTOHRIZOTIL – kot sinonim navaja slovar »serpentinski ‘ad«. To dr‘i samo v
premeru, ko gre za plemeniti serpentin.

Str. 113 ORTOROMBSKA PIRAMIDA – Razlaga velja samo za ploskve pla{~a piramide.
Str. 116 PALIGORSKIT – Slovar navaja kot sinonim »gorsko usnje«. Po Ramdohrju je

gorsko usnje hrizotilazbest, deloma pa aktinolit. Paligorskit je drug mineral.
Str. 125 PRIMERJALNI BARVNI SET - ^e definiramo BREZBARVNI DIAMANT (str. 31)

kot diamant, ki ni obarvan, je nelogi~na razlaga, da slu‘i ta barvni set »pri presoji barvne
stopnje brezbarvnih bru{enih diamantov.«

Str. 127 PSEUDOSEKUNDARNI VKLJU^EK – Razlaga je nelogi~na: »... vklju~ek, nastal
po kon~ani rasti kristala gostitelja, ki se je kasneje {e nadaljevala«. Isto velja za SEKUNDAR-
NI VKLJU^EK (str. 135)

Str. 129 RAZLI^EK MINERALA – Razlaga, da je ».. eden od mineralov iste skupine...«  je
neustrezna, ker bi lahko rekli, da je grosular razli~ek granata; v resnici pa je vrsta granata.
Pravilno je » eden od na~inov nastopanja istega minerala, n.pr. rubin je razli~ek korunda. Prav
tako ne velja, da morajo imeti razli~ki minerala »nekoliko razli~no kemi~no sestavo«, razen ~e
avtor razlage smatra, da je prisotnost nekega slednega elementa, ki je spremenil barvo minerala,
vzrok spremembe kemi~ne sestave. To pa v izto~nici SLEDNA PRVINA (str. 143) zanika.

Str. 131 RODOLIT – Ni razli~ek piropa, temve~ vmesni ~len vrste pirop – almandin. Poznan
je po zelo lepi rde~i barvi.

Str. 134 SADRA – Kot sinonim je naveden gips, ki pa je v na{i nomenklaturi ‘gana sadra
CaSO4x1/2H2O.

Str. 134 SAGENITNI KREMEN – Naj bi bil v obliki mre‘e oblikovan igli~ast rutil; manjka
pa »v kremenu«.

Str. 149 SVILA – Naj bi bila posledica mikrovklju~kov rutila ali hematita, nastalih »z
delnim taljenjem iz kristala gostitelja...«. Taka razlaga je nerazumljiva.

Str. 152 TANZANIT – Morali bi dodati, da je prozoren ter da je drag kamen.
Str. 155 TETRAGONTRIOKTAEDER – Predstavljena slika 40 ni tetragontrioktaeder tem-

ve~ deltoidikozitetraeder. Tetragontrioktaeder ni sestavljen iz »{tiriindvajsetih ploskev v
obliki trapeza« temve~ iz 24 enakokrakih trikotnikov.

Str. 155 TETRAGONTRITETRAEDER – Prikazana slika 41 ni tetragontrioktaeder temve~
deltoiddodekaeder. Tetragontritetraeder ni sestavljen iz »dvanajstih ploskev v obliki trape-
za«, temve~ iz 12 enakokrakih trikotnikov.

Str. 159 TRIGONTRITETRAEDER- prikazana slika 45 ni trigontritetraeder temve~ delto-
iddodekaeder.
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8. Ker prevzemamo novo Strunzovo mineralo{ko klasifikacijo, bi morali spremeniti pri
spodaj navedenih mineralih kemi~no formulo:

iridij, iridijev allanit, kanasit, klinozoisit, liddiocoatit, magnezijev ferit, magnezijev foitit,
manganit, magnezijev kromit, margarit, marialit, melifanit, paligorskit, pargasit, purpurit,
riebeckit, simpsonit, sogdianit, stilpnomelan, tinaksit, torit, uvit.

Spremembe za te minerale so ve~ ali manj malenkostne, zato niso pomembne. Ve~je razlike
v formuli pa so za:

kornerupin, lazurit, piroksmangit, saponit, skapolit, stavrolit, {orlomit, vezuvianit.
IMA ne priznava lantanov allanit in skapolit; v Strunzovi klasifikaciji pa ni naveden

neodimijev parizit (glej str.105).
9. Nekateri pojmi oz. izto~nice so premalo pojasnjeni, n.pr.str. 148- STRONCIJEV TITA-

NAT- Razlaga pove, da je to SrTiO3, ne omenja pa, da je to sinteti~ni dragi kamen, niti pa da
je njegov sinonim fabulit. Po drugi strani na str. 57 navaja pojem FABULIT kot stroncijev
titanat, ne omenja pa, da je to sinteti~ni dragi kamen.

10. V gemolo{ki slovar vsekakor sodijo razli~ni brusi dragih kamnov, predvsem diamantov.
V na{em slovarju jih najdemo ve~je {tevilo. Ker moramo pri nas skozi zgodovinski razvoj
poznati brusne oblike, ki so se razvijale v nem{kem in francoskem svetu, pa pogre{amo bruse,
ki jih najdemo lepo prikazane v ~lanku Misiorowski E.B. »Eine funkelnde Geschichte« (Extra-
lapis No. 18, str. 94 -103). ^e zasledujemo vrste brusov od 12. stoletja navzgor, potem vidimo,
da manjkajo v slovarju slede~i brusi: Point Cut, Knob ali Nail Cut, Table Cut, Chiffre Cut,
Hogback in {e moderni brusi Spirit Sun, Barion Cut, Context Cut in Lion Cut.

Prav tako manjkajo nazivi oblik diamantnega nakita v zvezi z razvojem mode skozi stoletja
kot so n.pr. Rosette, Aigrette, Sevigné, Brandenbourg, Girandole itd.

11. Ni~ ~udnega ni, ~e pri sestavljanju takega slovarja uide nek bolj ali manj pomemben
izraz brez ozira, ~e je pravilen ali napa~en. Nekaj primerov: amazonit, cerkni{ki diamant,
damascenca, marmorni oniks (trg., Tearce pri Tetovu), sardoniks.

Kljub na{tetim pomanjkljivostim in spodrsljajem je slovar prvi tovrstni slovenski slovar, ki
je zajel precej obse‘no problematiko gemologije. Je dokaz pridnega dela na{ih mlaj{ih stro-
kovnjakov in je vreden pohvale.

Marjan Dolenc

Odgovor na recenzijo Gemolo{kega terminolo{kega slovarja

Veseli nas, da smo v pregled prejeli neodvisen, kriti~en in natan~en pregled Gemolo{kega
terminolo{kega slovarja s strani spo{tovanega kolega Marjana Dolenca. Bralcem ‘elimo poja-
sniti nekatere razlage posameznih gesel, ki jih je v objavo uredni{tvu Geologije poslal nave-
deni recenzent.

Ad 2: V strokovni literaturi je kalcedon definiran kot vlaknat razli~ek mikrokristalnega
kremena (Cornelis, K. & Hurlbut, 1999; Wenk, H. R. & Bulakh, 2004).

Ad 4: Pri ebav{iranju je bila upo{tevana raba. Ta pa je pri tako redkem izrazu lahko tudi
razli~na. V navedenih primerih (hausmannit, Fraunhoferjeve ~rte) se fonem v ne izgovarja niti
kot u niti kot v, tudi ne v obeh primerih enako. V prvem nezvene~e, v drugem zvene~e. Mi smo
ga zapisali z v (prim. J. Topori{i~ Slovenska slovnica, str. 74–76).

Ad 5: Izraz lik ima v kristalografiji poseben pomen in se v slovarju uporablja kot sinonim
za kristalni lik, kar je v slovarju tudi razlo‘eno (str. 93, 87): kristálni lík -ega -a m vse
ponovitve ene ploskve, ki izhajajo iz simetrijskih elementov S: lík

(Bloss, F. D., 1994; Phillips, F. C., 1986; Cornelis, K. & Hurlbut, C. S., 1999)
Tetragonalna piramida je torej (kristalni) lik, ki ga sestavljajo {tiri enake ploskve, ki se

sekajo v skupni to~ki.
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Ad 6: Recenzent navaja, da je med izto~nicami navedena kopica mineralov, predvsem
obarvanih, obi~ajno z nizko trdoto, ki niso niti dragi niti okrasni kamni, npr. amesit, halit itd.

V Gemolo{ki terminolo{ki slovar smo uvrstili precej mineralov, tudi zbirateljskih. Nekateri
minerali morda na prvi pogled res nimajo »gemolo{ke vrednosti«, a so za gemologa lahko zelo
pomembni. [tevilni minerali so lahko v dragulju kot vklju~ki in prav vklju~ki so lahko eden
najpomembnej{ih znakov za prepoznavanje draguljev. Tako je kromit zelo prepoznaven vklju-
~ek v olivinu in serpentinitu, magnetit je kot vklju~ek v diamantu in cordieritu, maghemit je
kot vklju~ek v skapolitu, manganit v rodohrozitu itd (Gübelin & Koivula, 1997). Tovrstni
vklju~ki so izjemno pomembni za ugotavljanje razmer, pri katerih so minerali (draguljarske
kakovosti) nastali. Velika ve~ina znanstvenih ~lankov s podro~ja gemologije natan~no opisuje
vklju~ke v draguljih in zato smo v slovar uvrstili tudi nekatere manj pogoste minerale, ki se
negemologu morda zdijo odve~. Najbolj strnjen pregled vklju~kov in njihov pomen si lahko
ogledamo v fotoatlasu vklju~kov, ki ga na tem mestu tudi citiramo (Gübelin & Koivula, 1997).
Monografija ni samo atlas, ampak izjemen vir podatkov dveh izjemnih gemologov, ki sta
priznana v svetovnem merilu.

Glede halita: seveda ni cenjen kot dragulj. Vendar pa so zelo pogosti okrasni predmeti iz
tega minerala (himalajska sol ipd.). Halit torej sodi med okrasne kamne.

Ad 7:
Str. 16 – Alabaster se res uporablja za izdelavo okrasnih predmetov in je lahko tudi

brezbarven. Glede na to, da je slovar namenjen dragim in okrasnim predmetom, je opis
namena uporabe posameznih mineralov na tem mestu odve~, ker bi tako rabo morali navajati
pri ve~ini.

Str. 18 – Vzrok obarvanosti alokromatskih mineralov so primesi ionov, ki so v dragulju
obi~ajno pod 0,1 mas % in jih v formulah ne pi{emo. Primer: korund s kemi~no formulo Al2O3,
ki ne vsebuje prav nobenih primesi niti vklju~kov, je brezbarven. Primes kroma ga obarva
rde~e, titana modro itd. Alokromatski minerali so torej v osnovi brezbarvni, ‘e majhna
koli~ina (< 0,1 mas %) primesi kemi~nih prvin ali strukturne napake pa so lahko vzrok za
obarvanost teh mineralov.

Str. 20 – Anglezit je seveda sulfat, in to napako bomo v prihodnje popravili.
Str. 21 – Aniolit je kamnina, sestavljena iz zoisita in prete‘no neprosojnega rubina (Ma-

nutcher-Danai, 2000). V strokovni geolo{ki literaturi (Blatt & Tracy, 1996) imena nismo
zasledili, zato smo ga ozna~ili kot trgovsko.

Str. 37 – Ceylonit – v strokovni literaturi (de Fourestier, J., 1999) so sinonimi za imenovani
mineral: ceylonit, ceylanit, zeylanith in zeylanit ter pleonast.

Str. 41 – ^rni kristal opal. Recenzent meni, da je razlaga nerodna, ne pove pa zakaj. Zato
navajamo razlago:

~ŕni kristál opál -ega — -a m trg. prozoren, brezbarven dragi opal s temno osnovno barvo
Obrazlo‘itev: Vrednotenje opalov temelji predvsem na njihovi pojavni obliki, barvi, barv-

nem vzorcu itd. Za la‘je razumevanje, kaj sploh je ~rni kristalni opal, si poglejmo kar
neposredno iz slovarja, kaj pomeni kristal opal in kaj ~rni opal. ^rni opal je dragi opal z
osnovno temno barvo. Kristal opal pa je prozoren brezbarvni opal z igro barv. ^rni kristal
opal je torej prozoren, brezbarven dragi opal s temno osnovno barvo, kakor smo zapisali v
slovarju. Verjetno recenzenta moti osnovna barva, zato si poglejmo, kaj v slovarju pi{e za
osnovno barvo. To je barva, dolo~ena neposredno z valovno dol‘ino elektromagnetnega valo-
vanja. To so rde~a, rumena, zelena, modra, vijoli~asta ... V praksi zgleda ~rni kristal opal
temen, ~e ga gledamo v odbiti svetlobi. ^e ga opazujemo v presevni svetlobi, je prozoren.
Njegova igra barv, ki je svojevrsten opti~ni pojav, pa ga naredi plemenitega in zato je na videz
lahko zelo barvit. Pri opalih je torej pomembno lo~iti osnovno barvo in barvo, ki jo daje igra
barv, ki odlikuje ta edinstveni dragulj.

Str. 47 – Diasporescenca
Obrazlo‘itev: V tem primeru ne vemo, kaj ‘eli recenzent povedati, zato navajamo razlago

termina:
diasporescénca -e ‘ opti~ni pojav, pri katerem nastane na povr{ini kamna bel odsev svetlobe

na orientirano prera{~enih kristalih diaspora v rubinu
ang.: diasporescence
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Diaspor ni samo na kristalih korunda temve~ se diaspor in korund orientirano prera{~ata.
Zato je smiselno diaspor v rubinu in ne na rubinu (oziroma korundu).

Str. 59 – Fosilni biser je v slovarju prikazan takole: fosílni bíser -ega -a m okamenel biser
Recenzent meni, da ni jasno kaj to pomeni. Okamenel biser je biser v fosilnem stanju.

Procesa fosilizacije na tem mestu verjetno ni potrebno razlagati.
Str. 61 – Gema po Gemolo{kem terminolo{kem slovarju: géma -e ‘ 1. v kamen vgravirana

vbo~ena ali izbo~ena podoba  2. intaglio ali kameja
Obrazlo‘itev: Gema je droben predmet iz okrasnega kamna ali stekla z reliefno podobo, ki

je bil prvotno namenjen pe~atenju. Geme delimo na kameje, ki imajo upodobitev v pozitivu
(dvignjenem reliefu) in na intalije oz. geme v o‘jem pomenu, ki imajo upodobitev v negativu
(v vrezanem reliefu) (Nestorovi}, 2005).

Str. 63 – glinica – pravilno je, da je angle{ki izraz alumina (hydrated alumina je napa~no)
Str. 63 – Grosularit je sinonim (sopomenka) za mineral grosular in tudi ime za kamnino,

sestavljeno prete‘no iz grosularja (de Fourestier, 1999).
Str. 70 – Hrizolit – razlaga v slovarju je povzeta po Manutcher-Danai, 2000.
Str. 70 – Hru{ka je v slovarju prikazana takole: hrú{ka -e ‘ valjast ali hru{kast sinteti~ni

kristal, nastal s postopkom taljenja v plamenu z Verneuilijevim postopkom
 Dodatna razlaga ni potrebna.
Str. 80 – Kamena strela: Izrazi kot npr. cerkni{ki diamant so v praksi prepovedani, saj

zavajajo kupce kamnov. Cerkni{ki diamanti namre~ nimajo ~isto ni~ in prav ni~ skupnega z
diamanti. V slovarju smo taka imena ozna~ili kot napa~na, saj nismo sodniki o tem, kaj je
dovoljeno, kaj pa ne. Z odkritjem kremenov v zadnjem ~asu v Sloveniji bi potem lahko imeli
celo poplavo diamantov: hal{ki, crngrobski, turja{ki ... Res je, da so cerkni{ke diamante
poznali ‘e v Zoisovem ~asu, vendar se v sodobni strokovni literaturi ta izraz ne uporablja za
kameno strelo. Takih ljudskih imen bi lahko navedli veliko, kar pa k jasnosti poimenovanj ne
bi ni~ prispevalo.

Str. 81 – Izrazi, kot so karneolov oniks, kalcedonov oniks in podobni, so v slovarju preprosto
zato, ker so v gemolo{ki praksi pogosti, najdemo pa jih tudi v poljudni literaturi. Gre za
trgovske izraze in tako je tudi zapisano. Namenjeni so torej potro{nikom, ki morda ne vedo,
kaj kupujejo.

Str. 82 – V gemolo{ki praksi v Sloveniji se kot sinonim za kimberlit uporablja izraz modra
zemlja. O primernosti izraza naj presodi bralec sam.

Str. 85 – Pri mineralih nismo navajali njihovih draguljarskih razli~kov. Smo pa vedno pri
draguljarskem razli~ku povedali, za kateri mineral gre. Primeri iz slovarja:

korúnd -a m raznobarven mineral, trigonalni oksid, Al2O3, G = 4–4,1, T = 9, n = 1,762–1,770,
lahko z opti~nim pojavom ma~jega o~esa, asterizmom, spreminjanjem barv, diasporescenco S:
napa~no orientálski mése~ev kámen (2)

rubín -a m rde~ razli~ek korunda
safír -ja m raznobarven, navadno moder razli~ek korunda
Str. 95 – Maghemit res ni spinel, ima pa enako strukturo, zaradi katere ga uvr{~amo v

skupino spinelov (Strunz, H. & Nickel, E. H., 2001).
Str. 101 – Modri kremen. ^ist kremen brez primesi je brezbarven. Vklju~ki nekaterih

mineralov ga lahko obarvajo. Krokidolit je modrikasto siv in ~e je kot vklju~ek v kremenu,
potem ima tak{en dragulj na videz modro barvo. Oksidirani krokidolit je rumen in zato takrat
ne govorimo o modrem kremenu. Kot je razvidno iz slovarja, pa so na{teti minerali obi~ajno
modri in kot modri vklju~ki v kremenu dajo kremen na videz modre barve.

Prikazi v slovarju:
módri krêmen -ega kreména m neprozoren zrnat drobnokristalni kremen, modro obarvan

zaradi neoksidiranega krokidolita, rutila, lazulita, hrizokole, indigolita ali drugih modrih
mineralov S: safírni krêmen

Str. 101 – Moissanit sodi v skupino samorodnih prvin (Strunz, H. & Nickel, E. H., 2001)
zaradi narave kemi~nih vezi, ~eprav je spojina. Zna~aj vezi Si-C v moissanitu je zelo podoben
zna~aju vezi med enakimi prvinami, kot je na primer vez C-C v diamantu.

Str. 104 – Nefrit je razli~ek aktinolita in tremolita (Cornelis, K. & Hurlbut, C. S., 1999;
Strunz, H. & Nickel, E. H., 2001; Manutcher-Danai, 2000)
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Str. 109 – okrásni kámen -ega -mna m v naravi pogost kamen razli~nih barv, srednje trdote
in z ni‘jim lomnim koli~nikom, katerega masa se meri v karatih in gramih S: neustr. pôldrági
kámen

V naravi pogost smo zapisali v primerjavi z dragimi kamni.
Str. 112 – Organska snov je v slovarju opisana takole: orgánska snôv -e snoví ‘ naravna ali

umetna snov iz ogljika, vodika, du{ika, kisika in nekaterih drugih prvin, ki se uporablja za
izdelavo nakita in okrasnih predmetov.

V slovar je bila uvr{~ena, ker se pogosto pojavlja v razlagah. Slovar pa naj bi bil samora-
zlagalen.

Str. 113 – Ortorombska piramida – razlaga velja za kristalni lik, imenovan ortorombska
piramida

Str. 116 – Paligorskit – gorsko usnje je sinonim za vlaknat razli~ek paligorskita (de Foure-
stier, 1999;  Strunz, H. & Nickel, E. H., 2001). Ime gorsko usnje pa se uporablja tudi za
vlaknate razli~ke drugih mineralov, npr. aktinolit, tremolit, sepiolit.

Str. 125 – Brezbarvni diamant je na videz brezbarven. Vendar pa bo izku{en strokovnjak
lahko lo~il vsaj pet stopenj rahle obarvanosti pri presoji obarvanosti brezbarvnih diamantov
(po ameri{ki lestvici in{tituta GIA so to: D, E, F, G, H). Te razlike se najla‘je dolo~ajo z
omenjenim primerjalnim barvnim setom. Razlike so res zelo majhne, vendar pa vplivajo na
kakovost diamanta in s tem na njegovo ceno.

Str. 127: Psevdosekundarni vklju~ek in str. 135 sekundarni vklju~ek
Iz slovarja: psévdosekundárni vkljú~ek -ega -~ka m teko~inski vklju~ek, nastal po kon~ani

rasti kristala gostitelja, ki se je kasneje {e nadaljevala
sekundárni vkljú~ek -ega -~ka m teko~inski vklju~ek, nastal po kon~ani rasti kristala

gostitelja
Proces kristalizacije minerala v naravi je povezan s {tevilnimi dejavniki, ki vplivajo na

videz kristala, njegovo kakovost, velikost, obarvanost itd. Vemo, da procesi ne potekajo v
idealnih razmerah. Vemo na primer, da lahko robovi kristalov kremena rastejo hitreje kot
osrednji deli istega kristala. Pri tem lahko kristal kremena zajame primarni teko~inski vklju-
~ek, ki ostaja ujet v njem. Ko razmere za kristalizacijo niso ve~ primerne za nadaljnjo rast
kristala, se proces kristalizacije ustavi. Zaradi P/T sprememb lahko kristal razpoka, v te
razpoke pa se ujame teko~a faza. Tako lahko nastane sekundarni vklju~ek. Glavna razlika
med primarnimi in sekundarnimi teko~inskimi vklju~ki je ta, da so primarni vklju~ki obi~ajno
vzporedni smerem rasti kristala v ~asu njegove rasti. Sekundarni vklju~ki pa sekajo te smeri.
^e pa se rast kristalov nadaljuje, nastanejo psevdosekundarni vklju~ki.

Str. 129: Razli~ek minerala je v slovarju opisan:
razlí~ek minerála -~ka — m eden od mineralov iste skupine z enako strukturo, nekoliko

razli~no kemi~no sestavo in razli~nimi fizikalnimi lastnostmi, zlasti opti~nimi
Razlago potrjuje tudi strokovna literatura (Manutcher-Danai, 2000).
Str. 131: Rodolit je razli~ek piropa (Slovenec, D. & Bermanec, V., 2006) oziroma vmesni ~len

vrste pirop - almandin (de Fourestier, 1999).
Str. 134: Sadra – V Sloveniji se ime gips uporablja kot poslovenjen izraz za sadro iz

angle{ke besede gypsum oz. iz nem{ke besede gips, ~eprav je izraz napa~en. Izraz gips je
prav tako napa~no uporabljen za sadro, ki je nastala s hidratacijo iz kalcijevega sulfata
polhidrata-bassanita. Za kalcijev sulfat polhidrat-bassanit pa nikakor ne smemo uporablja-
ti izraza gips.

Gips torej ni sinonim za sadro, temve~ trgovsko poimenovanje.
Str. 149: Termin je opisan tako, kot pravi avtor:
svíla -e ‘ zelo majhni igli~asti vklju~ki rutila ali plo{~asti vklju~ki hematita, ki se med seboj

sekajo pod kotoma 60° in 120°, nastali z delnim taljenjem iz kristala gostitelja, s katerim se
orientirano prera{~ajo in ustvarjajo zna~ilen svilnati sijaj

Vseh strokovnih izrazov se ne da opisati povsem preprosto.
Str. 152: Tanzanit je draguljarski razli~ek zoisita, smaragd je draguljarski razli~ek berila

itd. V slovarju nismo posebej izpostavljali, da so to draguljarski razli~ki, saj gre ‘e v osnovi za
gemolo{ki terminolo{ki slovar.

Str. 155: Tetragontrioktaeder – slika 40 predstavlja kristalni lik z Millerjevimi indeksi
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{h l l}, h > l, kristali pa v razredih: m3, 43 in m3m. Za predstavljeni kristalni lik je v
literaturi ve~ imen: trapezoeder, tetragon-trioktaeder (Cornelis, K. & Hurlbut, C. S., 1999),
ikozitetraeder (Phillips, F. C., 1986). V slovarju smo uporabili poimenovanje, ki lik tudi opi{e,
saj je iz slike razvidno, da ima na prostoru, ki pripada eni ploskvi oktaedra, razvite tri ploskve
{tirikotne oblike. Lik torej sestavlja 24 (3*8) ploskev trapezaste oblike.

Str. 155: Tetragontritetraeder – slika 41 predstavlja kristalni lik z Millerjevimi indeksi
{h h l}, h > l, kristali pa v razredih: 23 in –43m. Za predstavljeni kristalni lik sta v literaturi

dve poimenovanji: deltoidni dodekaeder (Cornelis, K. & Hurlbut, C. S., 1999; Phillips, F. C.,
1986), tetragon-tritetraeder (Cornelis, K. & Hurlbut, C. S., 1999). V slovarju smo uporabili
poimenovanje, ki lik tudi opi{e, saj je iz slike razvidno, da ima na prostoru, ki pripada eni
ploskvi tetraedra, razvite tri ploskve {tirikotne  oblike. Lik torej sestavlja 12 (3*4) ploskev
trapezaste oblike.

Str. 159: Trigontritetraeder – slika 45 dejansko predstavlja tetragontritetraeder in ne
trigontritetraeder, kot je zapisano.

Ad 8:
Lantanov allanit je naveden na spletnih straneh IMA - komisije za nove minerale, nomen-

klaturo in klasifikacijo (www.geo.vu.nl/∼ima-cnmmn) z dne 9.2.2004 z oznako R (redifined or
renamed). Mineral je naveden v knjigi Slovenec & Bermanec (2006), soavtor knjige, prof. dr. V.
Bermanec je ~lan imenovane komisije.

Skapolit je trdna raztopina marialita in mejonita.
Parisite-(Nd) - Strunz, H. & Nickel, E. H., 2001
Ad 9:
Str. 148: Stroncijev titanat ima ve~ pomenov. Poznamo tako naravni kot sinteti~ni stronci-

jev titanat, na kar nas navaja tudi slovar. Pri sinteti~nem stroncijevem titanatu pa je jasno
razlo‘eno, da gre za sinteti~ni proizvod in da je sinonim, med drugim, tudi fabulit. Pri fabulitu
(str. 57) pa je kazalka pravilno samo na sinteti~ni stroncijev titanat.

Ad 10:
Brusi so vsekakor pomembni za gemologa in zato smo jih, kot ugotavlja tudi recenzent,

opisali kar veliko. Recenzent meni, da bi morali uvrstiti {e nekaj pomembnih brusov. Morda
res, vendar menimo, da je izbor brusov za prvo izdajo Gemolo{kega terminolo{kega slovarja
primeren. Danes je namre~ vrst brusov toliko, da bi lahko napisali kar slovar brusov. Vendar
pa smo pri izbiri brusov sledili razvoju briljantnega brusa, dodali vse glavne na~ine in oblike
brusov. Vsi ostali brusi pa so zgolj kombinacija oblik in na~ina brusa, kar pa bo zahtevnej{i
bralec lahko nedvomno ugotovil tudi sam.

Ad 11:
Kaj vsebuje slovar, dolo~a ve~ dejavnikov: obseg slovarja, ~as, ki ga zajema, komu je

namenjen itd. Osrednji strokovni izrazi pa morajo biti prikazani. Med manjkajo~imi, ki jih
navaja avtor recenzije, takih ni. Res pa je, da tudi vsi navedeni ne manjkajo, npr. sardoniks:

sardóniks -a m trg. dvoplastni rde~erjavo-bel ali belo-~rn kalcedon.
Meta Dobnikar
Marjeta Humar

Simona Jarc
Miha Jer{ek
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Navodila avtorjem

GEOLOGIJA objavlja originalne znanst-
vene razprave in strokovna poro~ila iz geo-
lo{kih in sorodnih ved. Njen osnovni namen
je seznanjati doma~o in tujo strokovno jav-
nost s sprotnimi stanji geolo{ke nacionalne
vede v Sloveniji in z dose‘ki tujih geologov v
svetu. Rokopisi prispevkov naj praviloma ne
bodo dalj{i od 25 ra~unalni{ko izpisanih
strani, v kar so v{tete tudi slike, tabele in
table. Le v izjemnih primerih (natisi habili-
tacijskih, doktorskih in magistrskih del) je
mo‘no ob predhodnem dogovoru z uredni{t-
vom tiskati tudi dalj{e prispevke.

GEOLOGIJA od leta 2000 izhaja pravilo-
ma dvakrat letno v obsegu 20 do 25 avtor-
skih pol. Vse prispevke recenzirajo doma~i
in tuji vrhunski strokovnjaki. Avtorji so
dol‘ni njihovo pisno mnenje upo{tevati ter
svoje prispevke po potrebi tudi dopolniti.

V ‘elji, da bi z na{imi izsledki v slovenski
geolo{ki vedi seznanjali ~im{ir{i krog stro-
kovnjakov po svetu, je ve~ina prispevkov v
GEOLOGIJI objavljena razen v slovenskem
tudi v angle{kem oziroma nem{kem jeziku.
Prispevke, ki obravnavajo snov slovenske
geologije, morajo avtorji pripraviti vsaj v
tretjini celotne vsebine za objavo v sloven-
skem jeziku kot povzetke. Za prevode po-
skrbijo avtorji prispevkov sami, uredni{tvo
opravi le jezikovne popravke.

 Prispevke oddajte uredni{tvu v enem iz-
vodu pisno in na disketi ali CD-ROMU. Pis-
ci prispevkov naj imena citiranih avtorjev
med besedilom prispevka in pri na{tevanju
literature pi{ejo brez presledkov med ~rka-
mi. Imena avtorjev naj samo pod~rtajo ro~-
no z rde~im svin~nikom, razpiranje bo ure-
dila tiskarna. Imena fosilov (rod in vrsto) pa
naj pi{ejo po{evno. Vse drugo bo uredilo ure-
dni{tvo.

Naslovi prispevkov naj bodo kratki in
praviloma ne presegajo 12 besed. ^e je pri-
spevek napisan v slovenskem jeziku, mora
biti njegov naslov preveden tudi v angle{ki
oziroma nem{ki jezik. Poleg avtorjevega pol-
nega imena in priimka naj bo podan tudi
njegov naslov. Vsebine oziroma kazala pri
normalno dolgih prispevkih ne objavljamo.

Kratka vsebina oziroma abstract naj ne
presega tiso~ tiskovnih znakov. Pri sloven-
sko napisanih prispevkih mora biti kratka
vsebina napisana v slovenskem in angle{kem
oziroma nem{kem jeziku.

V literaturi naj avtorji prispevkov pravi-
loma upo{tevajo le tiskane vire, rokopise
naj navajajo v izjemnih in nujnih primerih
z navedbo, kjer so shranjeni. V seznamu
literature navajajte samo v prispevku ome-
njana dela. Med besedilom prispevka citi-
rajte samo avtorjev priimek brez inicialke
njegovega imena (inicialko navajajte samo,
~e je ve~ avtorjev z istim ali enakim priim-
kom), v oklepaju pa navajajte letnico izida
navedenega dela in po potrebi tudi stran.
^e navajate delo dveh avtorjev, izpi{ite med
tekstom prispevka oba priimka (npr. Pleni-
~ar & Buser, 1967, 152), pri teh ali ve~ih
avtorjih pa napi{ite samo prvo ime in do-
dajte et al. z letnico (npr. Mlakar et al.,
1992). Literaturo navajajte po abecednem
redu.

Primer citirane revije:
Pleni~ar, M. 1993: Apricardia pachiniana

Sirna from lower part of Liburnian beds at
Diva~a (Triest-Komen Plateau). – Geologija,
35, 65–68, Ljubljana.

Kendall, A. C. 1978: Subaqueous evapor-
ites. In: R. G. Walker (ed.), Facies models. –
Geol. Ass. Canada, 159–174. Toronto.

Fabricius, F., Friedrichsen, H. & Jacob-
shagen, V. 1970: Zur Methodik der Paläo-
temperatur-Ermittlung in Obertrias und
Lias der Alpen und benachbarten Medite-
ran-Gebieten. – Verh. Geol. B.A., 4, 538–593,
Wien.

Primer citirane knjige:
Flügel, E. 1978: Mikrofazielle Untersuch-

ungsmethoden von Kalken. – Springer Ver-
lag, 454 pp., Berlin.

^rno-bele in barvne fotografije morajo biti
v elektronski obliki v EPS, TIF ali PDF zapi-
su z lo~ljivostjo okrog 300 dpi. Le izjemno je
mo‘no objaviti tudi barvne slike, vendar sa-
mo po predhodnem dogovoru z uredni{tvom.
^rtne risbe morajo avtorji oddati v ra~unal-
ni{ki obliki z lo~ljivostjo 800 dpi. Pri pripra-
vi ~rtnih slik obvezno upo{tevajte zrcalo re-
vije 13,7 × 19,6 cm, zato pazite na velikost
~rk, znakov in debelino ~rt in imejte v mi-
slih, da morajo biti ob morebitni pomanj{avi
slik ~rke visoke najmanj 1 mm. Ve~jih for-
matov od omenjenega zrcala GEOLOGIJE
ne tiskamo na zgib, je pa mo‘no, da ve~je
oziroma dalj{e slike natisnemo na dveh stra-
neh (skupaj na levi in desni strani) z vme-
snim »rezom«. Slike obele‘ite s {tevilkami.
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V besedilu prispevka morate omeniti vsako
sliko po {tevil~nem vrstnem redu.

Tabele napi{ite s tiskalnikom tako, da jih
je mo‘no neposredno preslikati oziroma kli-
{irati. Pri tem upo{tevajte zrcalo revije in
velikost ~rk ob morebitni pomanj{avi. Pri
korekturah tabel ni mo‘no ve~ popravljati
ali dopolnjevati.

Table pripravite v formatu zrcala na{e
revije. ̂ e jih je potrebno pomanj{ati, podajte
na njihovih slikah merilo ali ob ‘e upo{teva-
nem zmanj{anju navedite velikost predme-
tov v podnaslovu. Prostor na tablah ~imboj
zapolnite in ne pu{~ajte nepotrebnih pra-
znin.

Podnaslove k slikam, tabelam in tablam,
ki morajo biti pri dvojezi~nih ~lankih tudi
dvojezi~no napisani, avtorji prilo‘ijo na po-
sebnih listih enega pod drugim. Zato teh
podnaslovov ne pi{ete med besedilom pri-

spevka. Podanaslovi naj bodo po mo‘nosti
~imkraj{i.

Korekture odtisov opravijo avtorji pri-
spevkov, ki lahko popravijo samo tiskovne
napake. Kraj{i dodatki ali spremembe pri
korekturah so mo‘ne samo na avtorjeve stro-
{ke. ^e avtor v dolo~enem roku korektur ne
vrne, le-te opravi uredni{tvo na avtorjeve
stro{ke.

Avtorji prejmejo 40 separatov brezpla~no.
Uredni{tvo sprejema prispevke do vklju~no
1. marca (1. {t.) in 1. septembra (2. {t.) v te-
ko~em letu in se obve‘e, da bodo le-ti tiska-
ni v teko~em letu. Avtorje prosimo, da pri-
spevke po{iljajo na naslov uredni{tva:

GEOLOGIJA
Geolo{ki zavod Slovenije
Dimi~eva 14, 1000 Ljubljana

Uredni{tvo

Instructions to authors

GEOLOGIJA issues authentic scientific
papers as well as expert reports on the sphe-
re of geological and related sciences, its ma-
in purpose being to appeal to the Slovene
and foreign public and make it acquainted
with the state of the national geologic scien-
ce and the acquisitions of experts in the geo-
logy domain of the world. The article ma-
nuscripts should not exceed the extent of 25
pages, figures, tables and plates included.
Exceptions to this rule i.e. publication of
longer articles (such as papers presenting
university habilitation as well as master de-
grees and doctor theses) could be agreed
upon on the basis of a preliminary arrange-
ment made with the editorial board.

GEOLOGIJA appears from 2000 normally
twice a year comprising 20 to 25 author she-
ets. All the articles are subdued to a professi-
onal revision by eminent Slovene and foreign
experts, moreover the authors of the articles
are bound to take into consideration their
written account and even to complete their
contributions eventually.

Aiming at a worldwide recognition of the
latest discoveries in the field of Slovene geo-
logy bringing it thus closer to a larger circle
of experts, we have envisaged a predomi-
nantly English and German version of the

articles published from now on in the GEO-
LOGIJA review. The articles dealing with
the issues on Slovene geology are supposed
to have at least one third of the entire con-
tent published in Slovene in the form of an
abstact.

One copy of each article, printed as well
as on a floppy disk or CD-ROM, is to be
delivered to the editorial office. The names
of authors quoted in the text and in the
bibliography should be written without spa-
ces, while the names of fossils (species and
genus) should be written in italics. The rest
will be seen to by the editorial board.

The title of the article should be rather
short. In case of the article being written in
Slovene language, there is a demand for the
title being provided in English or German,
as well. Besides the author full name, his
official address should be stated, too.

The article should be preceded by a brief
summary or abstract not surpassing 1000
print signs. Articles written in the Slovene
language should dispose of a short outline
in Slovene, English and German respecti-
vely.

As to the bibliography, the authors should,
as a rule, consider only printed sources, ma-
nuscripts being quoted exceptionally, when
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absolutely necessary, with the exact address
of the manuscript depository. The biblio-
graphic list should comprise only the works
mentioned in the article. In the article text
the mere surname of the author is to be
quoted, i.e. without the initials of his name
(initials being quoted only in case of several
authors by the same name), while the year of
publication – if needed, even the page – is
quoted in parentheses. In case of a two-au-
thor quotation, the two surnames are to be
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