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Abstract UDC 551.44:550.38(497.4 Crnotice)
Ivan Hordcéek, Andrej Mihevc, Nadja Zupan Hajna, Petr
Pruner & Pavel Bosdk: Fossil vertebrates and paleomagnetism
update of one of the earlier stages of cave evolution in the Clas-
sical karst, Slovenia: Pliocene of Crnotice II site and Raciska
pecina Cave

For the first time in the Classical Karst, paleontological data
enabled to match the magnetostratigraphic record precisely
with the geomagnetic polarity timescale in two studied sites:
(i) a series of speleothems alternating with red clays in Raciska
pecina Cave (Matarsko podolje), and (ii) an unroofed paleo-
cave of the Crnotice I site (Podgorski kras Plateau) completely
filled by fluvial clastic sediments covered by speleothems. The
later sites are also characterized by a rich appearance of fossil
tubes of autochthonous stygobiont serpulid Marifugia cavatica.
The vertebrate record is composed mostly of enamel fragments
of rodents and soricomorphs. Absence of rootless arvicolids
as well as taxonomic composition of the mammalian fauna
suggests the Pliocene age of both sites. For (i) Raciska pecina
(with Apodemus, cf. Borsodia) it was estimated to middle to late
MN17 (ca 1.8-2.4 Ma), while (ii) the assemblage from Crnotice
I (with Deinsdorfia sp., Beremedia fissidens, Apodemus cf. ata-
vus, Rhagapodemus cf. frequens, Glirulus sp., Cseria sp.) is obvi-
ously quite older: MN15-MN16 (ca 3.0-4.1 Ma). In respect to
congruence of biostratigraphic and paleomagnetic data and a
reliable sedimentary setting of the samples we propose to apply
the respective datum also as the time of one ancient speleoge-
netic phase in the Classical Karst.

Keyword: cave sediments, magnetostratigraphy, mammals,
Soricomorpha, Rodentia.

Izvlecek UDK 551.44:550.38(497.4 Crnotice)
Ivan Hordcek, Andrej Mihevc, Nadja Zupan Hajna, Petr
Pruner & Pavel Bosdk: Fosilni vretencarji in paleomagnetna
posodobitev ene od zgodnjih faz razvoja jam na Klasi¢nem
krasu, Slovenija: pliocen Crnoti¢ II in Raciske pecine

Na Klasi¢nem krasu so paleontoloski podatki prvi¢ omogocili
uskladitev magnetostratigrafskih podatkov z geomagnetno
polarizacijsko ¢asovno skalo. Na dveh proucenih mestih: (i) v
profilu s sigami in rde¢imi ilovicami v Raciski pecini (Matarsko
podolje) in (ii) v brezstropi jami, lokacija Crnotice II (Podgor-
ski kras), ki je zapolnjena s fluvialnimi klasti¢nimi sedimenti
prekritimi s sigo. Ta zadnja lokacija se odlikuje z bogatim
nahajali§¢em fosilnih cev¢ic jamskega serpulida Marifugia ca-
vatica. Ostanke vretencarjev predstavljajo predvsem fragmenti
sklenine glodalcev in soricomorfov. Odsotnost voluharic brez
zobnih korenin, kakor tudi taksonomska sestava sesalske favne,
kazeta na pliocensko starost obeh lokacij. Favna iz (i) Raciske
pecine (z Apodemus, cf. Borsodia) pripada srednji do pozni
bioconi MN17 (ca.1.8-2.4 Ma). Fosilna zdruzba (ii) iz Crnoti¢
11 (z Deinsdorfia sp., Beremedia fissidens, Apodemus cf. atavus,
Rhagapodemus cf. frequens, Glirulus sp., Cseria sp.) je ocitno
precej starej$a in pripada bioconi MN15--MN16 (ca 3.0-4.1
Ma). Z upostevanjem skladnosti biostratigrafskih in paleomag-
netnih datacijskih podatkov in verodostojnega sedimentaci-
jskega okvirja vzorcev predlagamo, da se tako dobljeno datacijo
uporabi tudi kot ¢as, ko se je koncala ena od starih speleogenet-
skih faz na Klasi¢nem krasu.

Klju¢ne besede: jamski sedimenti, magnetostratigrafija, sesalci,
Soricomorpha, Rodentia.
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INTRODUCTION

The sedimentary fill of caves (cave sediments) in the Clas-
sical Karst of SW Slovenia was expected not to be much
older than 350 ka (Gospodari¢, 1972, 1974, 1976,1977,
1981,1984, 1985, 1988). This view was based on results
of sedimentologic research, archeologic and paleon-
tologic finds, and on numerical dating (like *C, Th/U,
ESR; a.0., Franke & Geyh, 1971; Ikeya et al., 1983; Ford
& Gospodari¢, 1989) from many sedimentary profiles
in Postojna, Planina, Krizna, Skocjan and other caves.
Gospodari¢ (1988) distinguishes different deposition
phases of cave sediments related to glacioeustatic oscil-
lations of the Adriatic Sea and the global paleoclimate
evolution during Pleistocene.

Later researches in several caves of Notranjska and
Primorska karst regions (central and western Slovenia)
indicate the existence of many flowstones older than 350
ka, i.e. out of limit of the method (Zupan, 1991; Mihevc
& Lauritzen, 1997; Mihevc, 2001). Geomorphologic com-
parative method shows that many accessible caves in the
Classical Karst are at least of the Pliocene age (Mihevc,
1996, 2001). Nevertheless, paleontological finds indicate
only Pleistocene age of fauna in studied cave sediments
(Brodar, 1952, 1958, 1966, 1970; Rakovec, 1958; Aguillar
et al., 1998)

Only the application and interpretation of palaeo-
magnetic analyses and magnetostratigraphy of cave sedi-
ments, both clastic and chemogenic, started in the Clas-
sical Karst in 1997, indicate the substantial change in the
lower limit of cave fill deposition (Bosék et al., 1998, 1999,

2000a, b, 2003; 2004a, b; Sebela & Sasowsky, 2000; Prun-
er & Bosak, 2001; Mihevc et al., 2002; Sasowsky et al.,
2003; Zupan Hajna et al., 2005, 2007). Magnetostratigra-
phy data and the arrangement of obtained magnetozones
often indicate fill ages of more than 1.77 Ma with pos-
sibility of a lower limit even more than 5 Ma (Bosak et
al., 1998). The interpretation of magnetostratigraphy is
based on the matching of interpreted results with the
global geomagnetic polarity scale (GPTS; Cande & Kent,
1995) and only offers the correlative ages (sensu Col-
man & Pierce, 2000). The proper correlation of obtained
magnetostratigraphy with the GPTS is possible only in
the combination with other dating methods (numerical
or calibrate), and especially with paleontological dates
(Bosdk, 2002; Bosak et al., 2003). Nevertheless, paleonto-
logical data for the calibration with the GPTS have been
missing, until the first finds of mammal remains in the
Raciska pecina in 2003 (Bosak et al., 2004b) and subse-
quent discovery in the Crnoti¢e II profile in 2005-2006.

Here, we are using the term Pliocene in a tradi-
tional sense. The Plio-Pleistocene boundary is located
at 1.8 Ma (Aguirre & Pasini, 1985), close to the base of
Olduvai normal subchron (C2n) at 1.77 Ma (within the
Matuyama Chron). The newly proposed Plio-Pleistocene
boundary at about 2.6 Ma (close to Matuyama/Gauss
boundary, base of Chron C2Ar at 2.581 Ma and at the
base of the MIS 103 at 2.588 Ma; Ogg, 2007) has not yet
been approved by the IUGS.

DESCRIPTION OF SITES

The Classical Karst of W Slovenia belongs to Adriat-
ic-Dinaric Carbonate Platform of the Outer Dinarids
composed of shallow marine Cretaceous and Paleogene
carbonate rocks (c¢f. e.g., Otonicar, 2007). The Eocene
deep-marine siliciclastics (flysch) encircle and cover the
carbonate plateau. Complicated imbricate structure (the
alternation of flysch and limestone thrust slices) paral-
lel to the Dinaric direction has been formed since Oli-
gocene. Karst landscape of the region is characterized by
extensive leveled surfaces, blind valleys at limestone/fly-
sch contacts, and old caves in places dissected by younger
shafts. Some caves were uncovered at the present surface
by chemical denudation (unroofed caves sensu Mihevc
1996, for details see Mihevc 2001). The origin of shafts
is connected with substantial drop of piezometric level,
which now lies about 200 m below the surface. Shafts are
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either empty or filled with Pleistocene sediments (e.g.,
Rakovec 1958; Brodar 1958).

There are several karst plateaus in the area (Fig. 1).
The largest is Kras, the NW - SE trending region along
the Golf of Trieste (Adriatic Sea) from the Vipava Val-
ley in the NE up to Friuli-Venezia Giulia lowlands and
the Soca River in the NW (Fig. 1). Its central part lies at
200 to 500 m a.s.l. (for more details see Kranjc, 1997).
Matarsko podolje is situated to the SE of the Kras. Its karst
landscape was formed by denudation on the NE dipping
limestone and dolomites at the elevations of 500-700 m
a.s.l. Allogenic rivers at the contact with flysch form sev-
eral blind valleys with traces of constant tectonic uplift
(Mihevc, 2004). Podgorski kras Plateau in the S edge of
the Kras is widely extended levelled plateau (440 m a.s.l.)
at the foothills of the Slavnik Mt. (Mihevc, 2007; Fig. 1).
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Fig. 1: Position of studied sites.

Denudation surface cuts the Paleocene limestone alter-
nating with thin slices of Eocene flysch that dip north
eastwards (cf. Placer 1981). This levelled surface exposes
numerous unroofed caves. Large karst springs are located
at the plateau foothills at 50-70 m a.s.l.

CRNOTICE
The Crnoti¢e and Crni kal quarries are situated on the
western margin of the Podgorski kras. In both quarries
during excavations numerous caves have been opened,
most of them completely filled by sediments (see review
in Bosék et al., 1999, 2004a; Mihevc, 2007). Dating of cal-
cite cement in gravels rich in large mammal bones yield-
ed age of 211445 ka in one shaft of the Crnoti¢e Quarry
(Miheve, 2001). Caves in the Crni kal Quarry contained
Paleolithic tools, Pleistocene large mammals (Rakovec,
1958; Brodar, 1958), and Middle and Late Pleistocene
small mammals (Aguilar et al., 1998). Carbonate cement
of gravel fill of one shaft was dated to143+13 ka (Mihevc,
2001). Palacomagnetic analysis was used to date pale-

okarst site of Crnotice I in the Crni kal Quarry (Bosdk
et al., 1999), a part of an extensive cave filled with about
1.75 m thick banded sandy cave stromatolite intercalated
with red clays covering eroded surface of older massive
and highly recrystallized speleothems. Palacomagnetic
analysis indicates the age more than 1.77 Ma. The finds
of problematic fish teeth are still not determined.

Crnotice I and II sites belong to one paleocave sys-
tem, which started to be successively opened since 1990.
This was about 150 m long relic of cave formed by an al-
logenic river. The extensive passage had the diameter of
about 10 m with the dip in the NW - SE direction. In the
eastern part, the passage was unroofed, but in the west-
ern part the ceiling has been still preserved. The passage
was entirely filled by cave sediments deposited over mas-
sive flowstones, several metres thick. Gravels were pre-
served and in places mixed up with sand and clay. Lami-
nated yellow brown clays to silts contained fragments of
speleothems. Reddish clays composed the upper part of
profiles.
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The studied profile (unroofed cave, Crnotice IT site)
was more than 17 m high and from 4 to 7.5 m wide.
Lower nine metres were composed of cyclically arranged
cave sediments. It was divided by an expressive erosion
boundary into two parts. The lower one was built of
multicoloured clays and silts overlain by upwards fining
fluvial cycles composed of micro conglomerates to con-
glomerates (clay and silt clasts), which sometimes pass to
sands. Individual cycles were separated by thin interbeds
of clays to silts. The upper part, above uneven erosion
boundary, consisted of laminated to banded silts, clays
and very fine-grained silty sands. The clastic fill was cov-
ered (above 9 m up to the surface) by speleothems, and
collapsed speleothem and limestone blocks with some
terra rossa-like red clays at the base (Fig. 2). Cave walls
built of Palaeocene limestone with scallops were covered
by tubes of fresh water stygobiont worm Marifugia cavat-
ica Absolon et Hrabé¢, 1930 about 3 m above the quarry
floor (Fig. 2; Mihevc, 2000; Mihevc et al., 2001, 2002).
Washed material was obtained from the right lower part
of the profile near the cave wall (see Fig. 2). Multicoloured
silt and clays deposited from relatively calm cave fluvial
environment with medium rates of deposition. The cyclic
deposition resulted from repeated sudden and intensive
floods eroding already deposited cave sediments. The
rate of deposition is expected to be high.

RACISKA PECINA
Raciska pecina is situated in the SE part Cave of the Ma-
tarsko podolje near the Croatian border (Fig. 1). Cave at
about 590 m a.s.l. developed in Lower Cretaceous carbon-
ate rocks and represents the relic of an old cave system,
which part was already unroofed (Ulica pe¢ina Cave and
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Fig. 2: Photo of the Crnotice I site with position of paleomagnetic
samples (white marks), A - position of sediment with fauna, B -
position of Marifugia cavatica on cave wall (photo by P. Bosdk).

Ulica unroofed cave; Mihevc, 2004). The Raciska pecina
is paragenetic or epiphreatic simple southwards dipping
gallery, which is mostly over 10 wide, 5-10 m high and
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Fig. 3: Drawing of the Ra¢iska pecina profile: F - position of fauna find, grey shading - clays, inclined shading - collapsed blocks of roof,
black boxes — paleomagnetic samples, speleothems, black circles — paleomagnetic samples, clays.
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304 m long (Bosak et al., 2004b). On the southern side,
the cave terminates with the collapse and sedimentary
plug. Clays of unknown thickness covered by massive
flowstone form the bottom of the cave. There are traces
of Ursus spelaeus on the cave floor (Mihevc, 2003). Re-
mains of Prehistoric pottery were found at the cave en-
trance. The studied profile represents slightly more than
3 m high and about 20 m long cut in the cave fill (Fig.
3) uncovered when the cave was adapted as the military
magazine. It is situated in the southern part of the cave,
about 200 m from the present entrance.

The composite thickness of sampled profile reaches
about 6.5 m. The lower part is built of three sequences,
representing the growth stages of a huge vaulted stalag-
mite (light brown to reddish brown mostly corroded
calcite) and containing two angular unconformities (ex-
pressed as thin intercalations of red clays) with broken
rests of stalagmites on their tops. The upper part consists
of sub-horizontal laminated, mostly porous and light-co-
loured flowstones intercalated by flowstone with gours

and red clays and silts. Collapsed roof blocks cover red
clays with finds of fauna (F on Fig. 3). The topmost part,
in the thickness of several tens of centimetres, is com-
posed of massive flowstone layers with intercalations of
brown cave loams containing large bones (mostly Ursus
spelaeus). The profile is covered by huge stalagmites,
which were not studied.

The samples for paleontological analyses were taken
at 4 principal clay horizons. All the described remains
were obtained from the layer situated just at the base of
the section (F on Fig. 3). Lutitic intercalations represent
results of numerous and intensive floods bringing alloch-
thonous material. Clays are well-sieved and represent
the deposited suspension of the cave stream load. Very
fine-grained sand and silt laminas at the bottom or inside
some layers are rare and occur only in clay beds of higher
thickness, and indicate flood pulses within one lutitic
layer. The character of allogenic lutites can indicate that
studied site occurred far from the cave ponor and/or that
allogenic stream had to pass through a system of sumps.

MAGNETOSTRATIGRAPHY

Crnotice I GPTS Radiska pecina

Palaeomagnetic analysis was based on the progressive
demagnetisation by alternating field (Schonstedt GSD-1
or LDA-3) or thermal demagnetisation (MAVACS). The
natural remanent magnetization, as well as volume mag-
netic susceptibility was measured on JR-5A or JR-6A
spinner magnetometres and KLY-2 or KLY-3 kappa-
bridges. The separation of the respective remanent mag-
netisation components was carried out by Kirchshvink
multi-component analysis (Kirschvink, 1980). The statis-
tics of Fisher (1953) was applied for calculation of mean
directions of pertinent remanence components derived
by multi-component analysis. For details of sampling
and analytical procedure see Bosdk et al. (1998, 1999,
2000ab, 2003, 2004a).

CRNOTICE II SITE
Both parts of the profile show normal polarity magneto-
zones. One narrow reverse polarity subzone is situated
in the middle part of the profile. Another narrow reverse
polarity subzone, documented on one sample only, is sit-
uated in the upper part above the erosion surface (Fig. 4).

Fig. 4: Correlation of magnetostratigraphic logs of the Crnotice
IT site (left) and the Raciska pecina (right; simplified) with the
GPTS (Cande & Kent 1995; center): black - normal polarity,
grey - transient polarity, white - reverse polarity, ~~~ - principal
hiatus.
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The matching of obtained magnetozone arrangements
with the GPTS indicated the age of sediments more than
1.77 Ma (base of the C2n Olduvai subchron). The fill
most probably belongs to the Gauss Chron (ca 2.6 to 3.6
Ma) or the other normal subchron (within the Gilbert
Chron; 4.18-4.29 or 4.48-4.62 Ma; Bosak et al., 2004a).

RACISKA PECINA
Clear paleontological data enabled, for the first time in
the Classical Karst, to fix the arrangement of interpreted
magnetozones with the GPTS. Fauna belonging to the
MN17 biozone was found in red clays in the depth inter-
val of 3.79 to 4.05 m (Fig. 3 and 4). Therefore the base of
long normal polarized magnetozone terminating within
the interval with fauna was identified with the base of
C2n Olduvai subchron (1.95 Ma; Bosak et al., 2004b; Fig.
4). Normal polarized magnetozone above this boundary

belongs to the Olduvai subchron (1.770-1.950 Ma). Short
reverse polarized magnetozone represents some part of
the Matuyama Chron. Normal polarized top of the pro-
file belongs to Brunhes Chron (Cln, younger than 0.780
Ma), which corresponds with the character of fauna in
loam interbeds. The interpretation of magnetostratig-
raphy below the Olduvai base is not completely clear.
The geometry of obtained magnetozones is changed as
compared with subchrons on the GPTS due to numer-
ous principal breaks in deposition. Nevertheless, we ex-
pect the correlation with the lower part of the Matuyama
Chron (2.150-2.581 Ma) and the Gauss Chron (2.581-
3.58 Ma). The comparison with the GPTS can indicate
duration of individual breaks in deposition in 150-250
ka, in the lower part probably substantially more (Bosak
et al., 2004b).

PALEONTOLOGY

Washing of samples taken from the Raciska pecina
(about 40 kg from site marked F on Fig. 3) and Crnotice
IT site (300 kg from site marked A on Fig. 2) provided
rich material of microscopic fragments of vertebrate fos-
sil remains. The appearance of the remains, their tapho-
nomical characteristics and to a considerable degree also
taxonomic composition was quite similar in both sites.

As a rule the individual fossil rests are corroded and
fragmented into quite small pieces. Fossils are covered
by thin amorphous fossilization crust rich in Si (?opal),
Ca and Cr (microprobe analysis) largely resistant to acid
etching. This fact essentially complicated the SEM study.
Altered surfaces under the crust are rich in Ca, Si, Fe,
Cr, but lack Mn, Mg and Al (microprobe analysis). Fos-
sil samples were studied on CAMECA 100 microprobe
(Institute of Geology AS CR, v.vi., Prague) and JEOL
6386 scanning electron microscope (Faculty of Science,
Charles University, Prague).

MATERIAL

Crnotice IT site

Vast predominance of autochthonous stygobiont
serpulid tubes (Marifugia cavatica Absolon et Hrabé,
1930) was detected in the fossil sample. This taxon, pat-
terns of its appearance in the site, and its paleoecologic
and stratigraphic meaning has been already discussed
(Mihevc, 2000; Mihevc et al., 2001, 2002).

The vertebrate record consists of 58 items, mostly
poorly preserved and corroded fragments of teeth enamel.
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The best preserved items are figure on Plates 1 to 3. Some
of them allow at least a tentative identification.

The list of material is as follows: Non-mammalian
remains (15): ?Chondrichthyes indet: 15 small conical
and flat lanceolate tooth tips. Mammalian remains: Eu-
lipotyphla (4): Deinsdorfia sp. (21/1), Beremendia fissides
(Petenyi, 1864): M/1, M/2; Rodentia (39): indet. fragments
of incisor enamel (15 items), Glirulus aff. pusillus (Heller
1936): 1 M3/, Apodemus (Sylvaemus) cf. atavus Heller,
1936: 9 fragments (2 M1/, 1IM2/, 1IM3/, 2M/1, 1M/2,
2M/3), Rhagapodemus cf. frequens Kretzoi, 1959 (1 M/2),
Arvicolidae indet. (13 fragments of molar enamel): sp.
(cf. “Cseria” carnutina Rabeder 1981), sp. 2 (cf. Mimomys
(Cseria s.s.) gracilis).

Raciska pecina

Totally 74 items were obtained. They were mostly
very poorly preserved, fragile, and composed of particu-
larly small fragments of teeth enamel (max. 1-2 mm in
size), corroded and without a trace of dentine or cemen-
tum (Pl. 4).

The list of material is as follows: Non-mammalian
remains (7 pieces) were as follows: cf. Potamon (Crus-
tacea), 2 tips of small conical teeth (not identified until
now), and 3 pharyngeal pearl teeth of a Cyprinid fish,
most probably Barbus sp. Mammalian remains were 67 in
number: Rodentia (29 fragments of incisors, 2 fragments
of metapodia, 35 fragments of molar enamel of arvicol-
ids): at least 2 spp. (incl. cf. Borsodia), 1 M/1 (enamel):
Apodemus (Sylvaemus) sp. — cf. atavus Heller, 1936.
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COMMENTS ON PARTICULAR TAXA

Non-Mammalia indet. - isolated tooth tips (P1.1:4-6)

The conical sharply tapered to flat lanceolate tooth
tips with sharp lateral blades present a conspicuous ele-
ment of the fossil samples. The respective structures are
covered by a very hard enameloid built by tiny (less than
1 pin diameter) and densely packed crystallites and filled
with compact dentine, in contrast to mammalian teeth
not corroded. Until now, we did not succeed in taxonomic
identification of these structures. Tentatively, we hypoth-
esize that they might belong to juvenile sharks (probably
washed from Eocene marls by the sinking river) or to un-
known form of bone fish, eventually. Unfortunately, the
extensive comparisons with the taxa available at our dis-
position did not elucidate the identification which thus
remains a task for future study.

Deinsdorfia sp. (Pl. 2:1-2)
Two lower incisors belonging to a medium sized
shrew (roughly of a Sorex araneus size) with a characteris-

}. i

Plate 1: Non-mammalian fossils of the Crnotice 11 site: 1-3 - Marifugia cavatica Absolon et
Hrabé, 1930; 4-6 - indetermined tooth tips, supposedly a juvenile Chondrichthyes fishes.

tic series of rounded cusps at the major occusal ridge and
dark colouration at tips belong undoubtedly to a member
of Soricini, the genera of other tribes (such as Blarinella,
Mafia, Zelceina, Petenyia etc.) can be excluded. Default
identification with the genus Sorex is, of course, not en-
tirely supported for that the members of the genus of the
corresponding size appearing prior to Middle Pleistocene
(when the respective size was attained in the subgenus
Sorex - cf. Horacek & Lozek, 1988) were exclusively mem-
bers of the subgenus Drepanosorex (MN17 praearaneus
Kormos, 1934, Q1 margaritodon Kormos, 1934), which
bear an indistinct and light orange teeth colouration not
dark red as in the items under study. The full combina-
tion of the characters appearing in the respective fossils
(including size and colouration of cusp enamel) can be
found in another genus of Soricini, Deinsdorfia Heller,
1963. Also relative sharp incision at mesial margin of the
first ridge cusp (particularly in the specimen figured in
Pl 2/2) and relatively inflated occlusal basin of the tooth
(PL 2/1) seem to support that identification.

The genus was described from MN17 site of De-
insdorf and its separate status was
confirmed by further studies includ-
ing a monograph by Reumer (1984)
who synonymized its nominotypi-
cal species franconica Heller, 1963
was later synonymized with hibbardi
Sulimski 1962 described (as Sorex
hibbardi) from MN15 site of Weze
(see also Rzebik-Kowalska, 1990).
Subsequently, six other species were
described from various sites in Hun-
gary, Poland and Greece ranging
from MN14 (Podlesice site) to early
MN17 (Deinsdorf site) or MN16.
The exact species identification of
our specimens is not possible though
abroad measure of agreement is with
both hibbardii/franconica and kor-
dosi Reumer, 1984 (MN16 Csarndta
site) for which good information on
incisor morphology is available (Re-
umer, 1984).

Beremendia fissidens
1864) (PI. 2: 3-4)

The enamel coat of the left M/1
and M/2 (apparently belonging to
one and the same individual) pro-
vides a quite reliable morphological
information: the teeth clearly show
the characters distinguishing Bere-
media fissidens, one of index fossils

(Petenyi,
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Plate 2: Soricidae and Muridae of the Crnotice II site: 1 - Deinsdorfia sp. - left I/1; 2
- Deinsdorfia sp., right I/1; 3 - Beremendia fissidens (Petenyi, 1864), left M/1; 4
- Beremendia fissidens (Petenyi, 1864), left M/2; 5 — Apodemus (Sylvaemus) cf. atavus
Heller, 1936, left M1/; 6 - Apodemus (Sylvaemus) cf. atavus Heller, 1936, left M1/; 7
- Apodemus (Sylvaemus) cf. atavus Heller, 1936, right M2/; 8 - Apodemus (Sylvaemus)
cf. atavus Heller, 1936, right M3/; 9 - Apodemus (Sylvaemus) cf. atavus Heller, 1936,
right M/1; 10 - Apodemus (Sylvaemus) cf. atavus Heller, 1936, right M/1; 11 - Apodemus
(Sylvaemus) cf. atavus Heller, 1936, left M/2; 12 - Apodemus (Sylvaemus) cf. atavus Heller,
1936, right M/3;13 - Rhagapodemus cf. frequens Kretzoi, 1959, left M/2.

of the metric variation of the species,
distinctly smaller than Blarinoides
mariae Sulimski, 1962 (the species
which also differs in proportions of
M/2 and often in lighter colouration
of enamel) though they are larger
than Beremendia minor Rzebik-
Kowalska, 1976 the form reported
from four MN14-MN16 localities.

Beremendia fissidens was eu-
constant element of the Pliocene
mammalian communities from
Spain, France and England to Po-
land, Ukraine, Romania, Croatia
and Greece. Though its first ap-
pearance is reported even from late
MN14 (Podlesice site) as a common
species it appeared particularly in
MN16 and MN17 (Rzebik-Kowalska
in 1998 listed at least 30 sites of that
age). It was regular but rare element
even in the mid-European Q1 com-
munities (as well as in Italy - Gliozzi
et al., 1997) while during Q2 biozone
(late Biharian) it was in most parts of
its former range already extinct (van
den Hoek et al., 2005)

Glirulus sp. (PL. 3: 1)

Nearly complete fragment of a
crown enamel of glirid tooth (M3/ d.
or P4/ d.) represents quite important
item of the collection. The tooth is
remarkable for its very small size (L
0.70 x W 0.82) and besides of four
main ridges (connected with a com-
plete endoloph) it bears quite a dis-
tinct secondary ridge between them.
The occlusal surface is relatively flat
and not deflected as in extant genera
Dryomys, Eliomys or Myomimus (in-
cluding the smallest form Myomimus
setzeri Rossolimo, 1976 to which it
corresponds in size) which may
come in account for biogeographic
reasons (Krystufek & Vohralik,
2005). The above mentioned differ-
ences, which exclude co-identifica-

of the Pliocene shrew communities. It concerns their  tion of the fossil item with these extant taxa and the Plio-
large size (M/1: L 2.40, tIL 0.80, tIW 1.40, M/2: L 1.98,tIL.  Pleistocene forms related to them (such as Dryomimus
0.5, tIW 1.25), characteristically shaped entoconid, mod-  eliomyoides Kretzoi, 1959) fit quite well to the diagnostic
erately developed labial cingulum or a dark red coloura-  characters of Glirulus pusillus, the form described as Am-
tion in major crown tips. The teeth are at lower margin  phidyromys pusillus Heller, 1936 from MN15/16 site of
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Plate 3: Gliridae and Arvicolidae from the Crnotice II site: 1 - Glirulus sp., right M3/ or
P4/; 2 - Arvicolidae g.sp. — Cseria gracilis/carnutina grade, ?left M1/; 3 - Arvicolidae g.sp.
- Cseria gracilis carnutina grade.

Gundersheim. In Europe, the genus Glirulus (extant in
Japan) to which pusillus was replaced by Kowalski (1963)
was continuously represented from MN3 with several
species throughout Miocene (cf. Kowalski, 1997, 2001),
while its diversity got restricted to a sole species, pusillus,
in MN15 to MN17 (Daams & de Bruijn, 1995). In Europe,
this species probably locally survived up to the earliest
stage of Q1 zone of the Early Pleistocene (Valerots, Zabia
sites). In Italy Glirulus pusillus is recorded from MN15
Arondelli-Triversa and Glirulus sp. from Q1 Monte Peglia
(Kotsakis, 2003). In the MN15,16 and early MN17 com-
munities of central and southern Europe Glirulus pusil-
lus appears as nearly a constant element (cf. its records
in sites of Gundersheim, Ivanovce, Frechen, Schernfeld,

Osztramos 7, Kielniki 1, a.o.). Last
but not least we are obliged to note
that despite good correspondence
between the fossil item and Glirulus
pusillus in the essential characters
of the genus, the fossil items differ
markedly in proportion and shape
of the tooth and the differences seem
to fall beyond the variation range
of pusillus. Alternatively, the tooth
can be looked upon as P4/, eventu-
ally (then the differences from other
species of the genus would be even
larger). Unfortunately, with just a
single fragmentary item, there is a
little chance to comprehend the ac-
tual meaning of these differences
properly and it would be much be-
yond scope of this report to discuss
that topic in details.

Apodemus (Sylvaemus) cf. atavus
Heller, 1936 (P1. 2/5-13, P1. 4/1)
The teeth remains of wood
mouse are the best preserved fossils
in both studies sites. They belong to
medium-sized forms of the subgenus
Sylvaemus and could be co-identi-
fied even with the most widespread
extant species Apodemus sylvaticus,
eventually. Nevertheless, the items
from Crnotice IT exceed the variation
range of the recent species at least in
two respects: in appearance of dis-
tal cingulum on M1/ and M2/ and
posterior accessory cusp (sensu van
Dam, 1997) on M/2. Both the char-
acters, considered plesiomorphic
states in murids, distinguish a fos-
sil species Apodemus atavus Heller,
1936, described from MN16 Gundersheim site, and con-
sidered to be an ancestor of the recent European repre-
sentatives of the subgenus Sylvaemus (Rietschel & Storch,
1974; Kowalski, 2001). In the state of both the characters
the specimens under study seem to exhibit an intermedi-
ate position between the typical MN15 atavus (including
its topotypes — cf. Storch & Fejfar, 1989; Fejfar & Storch,
1990) and the recent taxon. Of course, a real taxonomic
meaning of similar differences could be estimated only
after detailed comparative studies on variation dynam-
ics of the respective characters for which the available
material is apparently too scarce. Moreover, in regard to
the recent situation of the genus in the SE Europe and E-
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Mediterranean (extensive genotypic diversification and
considerable overlap among all the species in morpho-
metric characters), the attempts to resolve the taxonomic
status of fragmentary fossil samples seem to be only little
promising. In any case, in metrical characters the teeth
under study are at the lower variation range of A. sylvati-
cus but seem to fall well in the range the respective spe-
cies: Raciska pecina M/1 (Pl4/1): 1.67x1.5 mm, Crnotice
M1/ (P12/5): 1.75x1.12 mm, M1/ (P12/6) L 1.73 mm, M2/
(P12/7): 1.13x1.06 mm, M3/ (P12/8): 0.85x0.86 mm, M/1
(P12/9): L 1.75 mm, (pl2/10): W 1.00 mm, M/2 (P12/11):
1.20x 1.02 mm, M/3 (P12/12): 0.97x0.86.

Rhagapodemus cf. frequens Kretzoi, 1959 (PL. 2 /13)

A single M/2 nearly unaffected by abrasion is char-
acterized by very large dimensions (1.72x1.35 mm), ex-
treme degree of hypsodonty, nearly completely separated
hypoconid and entoconid, well developed lateral antero-
conid and postcingulid while labial cingular cusps are
quite minute and arranged in a shallow cingular crest-
like ridge at the base of the crown. In all these characters
the tooth exceeds variation ranges in all European extant
species of Apodemus (including epimelas and mystacinus,
i.e. the larges extant W-Palearctic forms of the genus) but
corresponds well to the diagnostic characters of Pliocene
genus Rhagapodemus Kretzoi, 1959.

At the same time, the state of the respective char-
acters in the specimen seems to exhibit a more derived
conditions than Turolian Rhagapodemus primaevus (Hu-
geney et Mein, 1965) or early Ruscinian R. hautimag-
nensis Mein et Michaux, 1970 (comp. also Popov, 2004),
the other species of that age such as R. ballesioi Mein et
Michaux, 1970 or R. debruijni (Kotlia, 1992) differ even
more (they are distinctly smaller, lack the posteriod cin-
gular cusps etc. — comp. Fejfar & Storch 1990; Kotlia et
al., 1998; Popov, 2004). Perhaps the best agreement is
thus with the nominotypical species Rhagapodemus fre-
quens Kretzoi, 1959 described from the MN15 site of
Csarndéta and later found in more sites of a similar age
(MN 15 Weze, Gundersheim 4) and with even a more
derived form, distinguished at the subspecific level as R.
frequens athensis De Bruijn et van der Meulen, 1975 re-
ported also from the early Pleistocene of Greece (locality
Tourkoubounia 1: De Bruijn & van der Meulen, 1975).
The actual stratigraphic position of Tourkoubounia
1 in terms of MN zones is MN16 (Doukas, 2005). The
genus Rhagapodemus is further reported from the early
and middle Pleistocene of Sardinia. Of course, particu-
larly under island situations, a parallel evolution of the
Rhagapodemus phenotypes not related to the Miocene
and Pliocene mainland forms could also come in ac-
count, similarly as it was suggested by Kotlia et al. (1998)
for Indian R. debruijni (Kotlia, 1992).
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Arvicolidae (see PI. 3/2-3, P1. 4/ 2-4 for the best pr served
items)

In general, Arvicolidae is the group of the highest im-
portance for the biostratigraphic analyses of the late Ceno-
zoic terrestrial deposits for well marked gradual anagen-
etic trends, parallel in different clades, extensive cladogetic
diversity and predominant representation in the mamma-
lian communities of that period (Fejfar et al., 1997). Cor-
respondingly, also in the present samples the remains of
arvicolids compose an essential part of the total material.
Unfortunately, not one complete tooth is available and a
vast majority of the material consists of isolated, broken
and corroded enamel fragments, as a rule representing just
single molar synclinales. The most complete specimens are
figured on Plates 3 and 4. In both localities, any rootless
form absents, and no one piece shows a trace of dental ce-
mentum in the molar synclinales.

The molar fragments from the Raciska pecina ex-
hibit a considerably high degree of hypsodonty, some of
them are with deep and narrow synclinales typical for
Lagurini. The enamel microstructure revealed by the
SEM analyses suggest that at least two different forms are
present in the Raciska pecina: one exhibiting the pattern
typical for advanced lagurine voles (dense radial enamel
alternated with a thick layer of lamellar enamel which
prisms are distinctly heavier than the prisms of radial
enamel, Pl. 4/3), the other shows the pattern with less dis-
tinct differences between radial and lamellar enamel (P1.
4/2) corresponding to the situation in the genera Myodes
or advanced forms of Mimomys (Koenigswald, 1980; Fe-
jfar & Heinrich, 1982).

In contrast, all fragments available from Crnotice
IT site show rather plesiomorphic constitution particu-
larly in clearly lower degree of molar hypsodonty. Their
Schmelzmuster is quite different from that in the Raciska
pecina, first in that it bears the same enamel pattern both
in mesial and distal walls of a tooth (PL 3/2, 3), second
that the lamellar enamel is not developed and only radial
enamel is present with faint anastomozing near the ED]
instead of prism decusation. Such constitution is appar-
ently quite plesiomorphic and it was recorded in ancient
member of Mimomys/Cseria lineages such as Cseria car-
nutina Rabeder 1981 or Mimomys (Cseria s.str) gracilis,
i.e. the taxa typical of the MNI15 stage of arvicolid ra-
diation (Rabeder, 1981; Fejfar & Heinrich, 1982). In any
case, such enamel arrangement is undoubtedly connect-
ed with rather archaic grade of arvicolid dental evolution
and probably does not occur in the European forms since
the early MN17.

BIOSTRATIGRAPHIC CONSIDERATIONS
For a proper biostratigraphic analysis, the available ma-
terial is unfortunately too scarce and too fragmentary.
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Plate 4: Mammalian fossils from the Raciska pecina: 1 - Apodemus (Sylvaemus) cf. atavus
Heller, 1936, left M/1; 2 - Arvicolidae g.sp. indet., fragment of a lingual? wall of M/1, cf.
Borsodia spp.; 3 - Arvicolidae g.sp. indet., fragment of a palatal wall of an upper molar
(M1/ or M2/), cf. Mimomys (Cseria) sp.; 4 — Arvicolidae, g.sp. indet., lingual wall of the
right M3/, cf. Borsodia sp.

Nevertheless, it provides a certain information enabling
to draw hypothesis on possible maximum and minimum
age of the communities. The absence of rootless molars
in arvicolid material, both in the Crnotice I site and the
Raciska pecina, suggests that the communities do not
come from the Quaternary period namely because since
beginning of the Q1 the communities of small ground
mammals are characterized by total predominance of
rootless voles (particularly Microtus s.1. and Lagurus s.l.,
etc.) and its seems greatly improbable that no one of 48
molar fragments obtained from studied sites would ex-
hibit such a state. In Lagurini, the rooted forms, arranged

in genus Borsodia (to which we ten-
tatively allocate some items from
the Raciska pecina) soon at the very
beginning of Q1 disappeared in ac-
count of their rootless descendants.

At least for above-mentioned
reasons, we propose MN17/Q1
boundary as the possible minimum
age both for the Crnotice II site and
Raciska pecina. In both sites, the
faunal assemblages are of the Plio-
cene age (note the predominance
of arvicolids and absence of any el-
ement suggesting strictly the Mio-
cene age as well as the data on strati-
graphic distribution of the recorded
taxa — Tab. 1). The possible maxi-
mum age for the RaciSka pecina
can be tentatively placed to MN16
or early MN17 particularly due to
the advanced degree of hypsodonty
in arvicolid molars, the correspon-
dence of some items to Borsodia (the
genus representing an index fossil of
MN17) or to relatively advanced Mi-
momys spp. (a grade corresponding
to e.g., jota/pitymyoides sensu Rabe-
der, 1981). However for Crnotice
IT site, the grade of arvicolid molar
development would suggest a rather
earlier age. Correspondingly, also
all other forms identified there (De-
insdorfia, Beremendia, Glirulus aff.
pusillus, Rhagapodemus  frequens
and Apodemus cf. atavus) are typical
more for MN15 or MN 16 than for
MN17. The possible maximum age
corresponding to the stratigraphic
span of these taxa would then be
even around MN14/MN15 bound-
ary. Considering the fragmentary
faunal list from the Crnotice II site, as a relevant commu-
nity sample, we could find close resemblance to the fauna
composition of the Ruscinian or Csarndtan assemblages
such as in Gundersheim or Csarnoéta 2 sites.

Summarizing the above-mentioned arguments, an
intuitive consensual biostratigraphic allocation of the as-
semblages under study would be: (i) middle to late MN17
(ca 1.8-2.4 Ma) for the Raciska pecina and (ii) MN15-
MNI16 (ca. 3.0-4.1 Ma) for the Crnotice II site.

The dating of the latter site is particullary important
because the source deposits are directly realted to termi-
nation of active freatic regime.

ACTA CARSOLOGICA 36/3 - 2007

463



Table 1: Stratigraphical distribution of some taxa which come in account in context of the forms recorded in Raciska pecina and Crnotice
II (in bold). Minimum number of localities for shrews (after Rzebik-Kowalska 1998, slightly supplemented) or presence/absence (+/-)
for rodents (mostly after Kowalski 2001). For definitions and chronological setting of MN zones see Mein 1990, for Q zones see Hordcek

& Lozek (1988).

sp. / biozones (MN/Q)

Pliocene

15

Quaternary

16 3-R

Beremendia fissidens
Beremendia minor
Blarinoides mariae
Blarinoides sp.
Deinsdorfia fallax -
Deinsdorfia hibbardi
Deinsdorfia insperata
Deinsdorfia janossyi
Deinsdorfia kerkhoffi
Deinsdorfia kordosi -
Deinsdofia reumeri 1
Glirulus spp.
Glirulus pusillus -
Glirulus sp. -
Apodemus dominans -
Apodemus atavus -
Apodemus cf. sylvaticus -
Rhagapodemus primaevius ?
Rhagapodemus hautimagnesis
Rhagapodemus vanderweerdi
Rhagapodemus frequens -
Rhagapodemus (frequens) athensis -
Myodes -
Borsodia -
Lagurus s.l. -
Cseria gracilis/minor/csarnutina grade -
Mimomys pitymyoides/pusillus grade -
Microtus s.1. -

w v = W

_ am .

1

w - N O -

32

CONCLUSIONS

Although the fossil record obtained from cave sediments
of the Crnotice II site and Raciska pecina is rather poor,
both in its taxonomic structure and preservation it pro-
vided a valuable biostratigraphic information. The data
enabled to specify the supposed time frame for dating
of respective cave deposits dated by the previous inter-
pretation of paleomagnetic (magnetostratigraphic) data.
Paleontological data proved suggested MN15-16 mam-
malian biozone as the most probable date (about 3.0-4.1
Ma). Aguilar et al. (2002) placed the MN15/16 boundary
in the period between chron C2A2.1n (based on MN16
Seynes) and C2r.2r (based on MNI15 Sete), i.e. at ca 2.5-
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3.0 Ma, although Lindsay et al. (1997) or Lindsay (2001)
proposed MN15/16 boundary position rather at the base
of Gauss Chron.

The arrangements of obtained magnetozones in the
Crnotige I site were originally interpreted as older than
1.770 Ma, most probably belonging to the Gauss Chron
(2.581-3.580 Ma) or the normal subchrons within the
Gilbert Chron (4.180-5.230 Ma). The long normal pa-
leomagnetic polarity zone in the lower segment of the
fill therefore corresponds to basal normal polarized
subchron C2An.3n (3.330-3.580 Ma) within the Gauss
Chron and the normal polarized upper segment can be



compared to some of higher normal subchrons of the
Gauss Chron (C2An.1n subchron = 2.581-3.040 Ma or
C2An.2n subchron = 3.110-3.220 Ma). The combina-
tion of paleontological and paleomagnetic data indicates,
that the fauna cannot be older than about 3.6 Ma, due to
reverse polarized magnetozone at top of Gilbert Chron
terminating at 4.180 Ma. This level represents approxi-
mately also the base of the MN15 mammalian biozone.
In the Racigka pecina, the boundary of normal and
reverse polarized magnetozone within the layer with fau-
na (Fig. 3) is identified with the bottom of C2n Olduvai
subchron (1.770-1.950 Ma). The geometry of obtained
magnetozones is deformed as compared with subchrons
on the GPTS due to numerous principal breaks in de-
position in the lower part of the profile. Break can last
more than 250 ka. Therefore, we correlate this part with
the lower part of the Matuyama Chron (2.150-2.581 Ma)
and individual subchrons of the Gauss Chron (2.581-3.58
Ma). The profile above Olduvai subchron records short
part of Matuyama Chron (some of reverse polarized
subchrons Cl1r.3r, Clr.2r, or Clr.1r within the time span

of 1.770-0.780 Ma) and Brunhes Chron (Cln; younger
than 0.780 Ma).

For the first time, the combination of vertebrate
fossil records and magnetostratigraphy proved expected
antiquity of the cave fossilization in the region of the
Classical Karst. A good agreement of biostratigraphic
and magnetostratigraphic inferences suggests autochto-
nous synsedimentary origin of the faunal remains and
sediments and supports strongly expected relevance of
the dating effort and its applicability in karstogenetic
reconstructions. Further step in that direction will be
published in another place. Worth mentioning is that the
important paleotectonic movements recently interpreted
in Dinarides (Ili¢ & Neubauer, 2005) and Southern Alps
(Neubauer, 2007), which could be related to the uplift in
the Classical Karst and rearrangements of its hydrologi-
cal systems resulting in increased fossilisation rate, cor-
respond in age to MN15 zone. The fossilization during
MN15-MN17 finished one of important older phases of
speleogenesis in the region.
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