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Abstract

Bedded radiolarites of Mt. Kalnik are of Carnian-Norian age,
while similar rocks of Mt. Medvednica are of Late Ladinian - Carnian
age, as determined on the basis of radiolarian assemblages. Radiolar-
ites from ML Kalnik concordantly rest upon the pillow-lavas, or are
interbedded with them. Their footwall at Mt. Medvednica is not
known, duc o tectonic reduction. The sedimentary rocks described
were deposited from low-density turbidity currents, therefore repre-
senting fine-grained turbidites. They were deposited closely below,
and partially above the CCD. Results of petrological, sedimentologi-
cal and geochemical investigations indicate sedimentation under ter-
rigenous influence with contemporancous hydrothermal activity. The
studied sections are correlated with the nearest outcrops of Triassic
radiolarites associated with basic elfusive rocks, i.e. with the Vardar
Zone and the Meliata Unit.

1. INTRODUCTION

Radiolarites (ribbon bedded radiolarites - JEN-
KYNS & WINTERER, 1982, or rhythmically bedded
cherts in alternation with mm-cm thick layers ol silt-
stone or shale - DE WEVER, 1989) represent a very
important palacobathymetric indicator for palacogeo-
graphic reconstructions. Furthermore, if they are
interbedded with basic effusive rocks, radiolarians may
be used to preciscly determine the age of volcanic
activity. Up to now radiolarites in Croatian litcrature
have been mentioned only incidentally, as a part of
magmatic-sedimentary complex (GORJANOVIC-
KRAMBERGER, 1908; STKIC et al., 1979; SIMUNIC
& SIMUNIC, 1979; BABIC, 1974b; BASCH, 1983),
and have never been thoroughly investigated. However,
these rocks are very important for palacogeographical
reconstruction, especially concerning the fact that radi-
olarites and cherts of Triassic age were found in Hun-
gary and Svlovzlkia (KOZUR & MOCK, 1973,
DUMITRICA & MELLO, 1982; DE WEVER 1984,
1980: KOZUR & RETI, 1986; KOZUR, 1991;
DOSZTALY & JOZSA, 1992), Romania (DUMI-
TRICAe 1982), as well as in the region of Dinarides
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Sazetak

Opisani su prugasti radiolariti Kalnika i Medvednice. Analizom
radiolarija za kalnicke silicijske stijene dobivena je karni¢ko-noricka
starost, a za one na Medvednici od gornjeg ladinika do karnika. Radi-
olariti Kalnika leze na pillow-lavama ili s¢ s njima proslojavaju, dok
im je pedloga na Medvednici uslijed tektonske redukcije nepoznata.
Proucavani sedimenti talozeni su iz mutnih tokova male gustoce i
predstavljaju sitnozrnate turbidite. Dubina sedimentacije bila je
neposredno ispod, a dijelom i iznad CCD. Petroloski, sedimentoloski
i geokemijski rezultati istraZivanja ukazuju na sedimentaciju pod utje-
cajem kopna uz istovremeni hidrotermalni utjecaj. Proucavani stupovi
korelirani su s najblizim izdancima trijaskih radiolarita asociranih s
baziénim efuzivima, tj. s vardarskom zonom 1 Meliata jedinicom.

(PAMIC, 1981, 1982; PAMIC ct al., 1981; OBRADO-
VIC & GORICAN, 1989), Albanides (KELLICI & DE
WEVER, 1994) and Hellenides (DE WEVER, 1982,
1989). Especially interesting are Triassic radiolarites
which arc interbedded with pillow-lavas, or concordant-
ly rest upon them (KOZUR & MOCK, 1973; DE WEV-
ER, 1982, 1984, 1989; DUMITRICA, 1982; KOZUR &
RETI, 1986; OBRADOVIC & GORICAN, 1989; KO-
ZUR, 1991; DOSZTALY & JOZSA, 1992).

Chert Formation and magmatic rocks of Mts. Kalnik
and Mcdvednica have previously been determined as
Early Cretaccous in age, on the basis of their common
association with Lower Crelaceous sedimentary rocks
(SIKIC et al., 1979; SIMUNIC & SIMUNIC, 1979;
BASCI, 1983). According to CRNKOVIC (1963) they
are ol Late Cretaccous age. During investigation for the
new geological map of the Republic of Croatia (scale
1:50,000) it has been determined that the magmatic-sed-
imentary complex is partially of Middle to Late Triassic
age (as in the present study) and partially ol Jurassic
age (which will be discussed later). Petrological, sedi-
mentological, palacontological and geochemical studies
from selected scctions are presented and used for corre-
lation with neighbouring areas, enabling the reconstruc-
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tion of their palacogeographical position. Therefore,
this investigation represents a new contribution to the
knowledge of the arrangement of ocean and land arcas
in this part ol Europe during the Triassic period.

2. BASIC GEOLOGICAL DATA

The Kalnik and Medvednica Mits, are situated in the
SW part of the Pannonian basin. According to HAAS et
al. (1990, 1995), they represent the SW extension of the
Mid - Transdanubian terrain. This terrain is separated
towards the SE from the Tisza Megaunit, by the
Zagreb-Zemplin lineament (KOVACS et al., 1989).
According to HERAK (1986), this arca represents part
of the Supradinaric geodynamic unit, or Inner Dinarides
(HERAK et al., 1990),

In the region of the Kalnik and Medvednica Mts.
ophiolitic rocks are found in the form of a tectonic
melange, either interbedded with radiolarites or as iso-
lated bodies of basalts, gabbros and ultramafic rocks.
Ophiolitic rocks, i.e. rocks of the magmatic-sedimenta-
ry complex of Kalnik Mt. (Fig. 1b), represented by the
Kestenik (1 on Fig. 1b) and Jazvina (2 on Fig. [b) scc-
tions, are surrounded by Tertiary sediments. The con-
tact is predominantly tectonic, characterised towards
the N by reverse faults. This complex, comprising the
greatest part of Kalnik ML, is represented by dark-gray
and gray-green siltstones and calcitic siltstones, brown-
red siltstones, shales and cherts, sandstones, meta-
basalts and diabases. Gabbros are subordinate (SIMU-
NIC ct al., 1993; VRKLJAN, 1994).

On Medvednica Mt. (Fig. 1¢) ophiolitic rocks, i.e.
magmatic-sedimentary complex, are situated in the NW
part. They are in reverse contact with low-grade meta-
morphosed rocks towards the SE and NE. Towards the
SW and NW part of the Medvednica Mt., this complex
is bounded by Upper Cretaceous and Tertiary rocks; the
contact is partially tectonic, and partially transgressive.
The southwestern part also consists of a clastic-carbon-
ate overthrust unit, composed of Lower Triassic sand-
stones and Middle to Upper Triassic limestones and
dolomites. The magmatic-sedimentary complex is com-
posed of basalts and metabasalts, altered diabases and
gabbros, dark gray siltstoncs, calcitic siltstones, matrix-
supported conglomerates and conglomeratic shales,
violet-red and green-gray radiolarites and silicified
shales and siltstones.

The siliccous sediments and effusive rocks are prob-
ably allochthonous in both localities.

3. PETROLOGY AND SEDIMENTARY
STRUCTURES

The Kestenik outcrop (1 on Fig. 1b) is situated in
the road-cut in the eastern part ol the Kalnik Mt., and
the studicd section is approximately 60 m thick, includ-
ing a 6.3 m thick covered interval (Fig. 2). Tt is com-

posed of three parts: pillow-lavas (1), shales and radio-
larites (2) and metabasalts (3).

(1) The lower part is composed of a 29 m thick
sequence of weathered pillow-lavas with pillows of 0.5
to 0.8 m in diameter. Structurally thesc rocks are homo-
geneous, but very fractured, ophitic metabasalts com-
posed of albite and augite. Albite is predominantly
weathered with enclosed chlorite grains; augite is par-
tially fresh, and partially blurred and epidotised.
Opaque mineral grains are found as accessory con-
stituents,

In the uppermost part of the pillow-lava sequence, 2
m below the boundary with the overlying sedimentary
rocks, an approximately 0.5 m thick irregular body of
dark red, calcitic shale occurs between pillows. This
rock is composed of micro- to macrocrystalline, mostly
idiomorphic calcite. The interstices are [illed with
almost completely haematised clay-quartz matrix. Silt-
sized grains are represented by subrounded quartz
grains and muscovite. Mostly idiomorphic calcite crys-
tals indicate postdiagenetic calcitisation. This rock body
is interpreted as being part of the ocean floor composed
of silty shale, which was incorporated during the pil-
low-lava effusion, and subscquently calcitised, proba-
bly during the period of spilitisation of the basalts due
to hydrothermal alteration.

At the boundary between the pillow-lavas and the
radiolarite sequence the rocks are tectonised and loliat-
ed due to the dillerential competence of the materials;
therefore, their primary contact is not clearly visible.

(2) The shales and radiolarites are 20.5 m thick. The
lowest, I m thick interval is composed of green-gray
silty siliceous shale, composed of 5 to 10 cm thick beds
of homogencous structure. The matrix is composed of
clay minerals and cryplo- to microcrystalline quartz,
Silt-sized components are irrcgularly distributed, con-
sisting of quartz grains, phyllosilicates and feldspars,
while rounded zircons, apatite and opaque lerruginous
grains are subordinate. Rare completely recrystallized
radiolarians, up to 0.25 mm in diameter, are represented
by ovals filled with cryptocrystalline quartz.

The overlying, 19.5 m thick interval of violet-red
and brown-red radiolarites, comprises the main portion
of silliceous deposits. It is composed of alternating 1 to
10 c¢m thick beds of radiolarian cherts with millimetre
to centimetre thick interbeds of dark red, very thinly
laminated silty shales. The proportion ol shales increas-
es in the upper part of this interval, leading to their pre-
dominance over the 5 to 10 em thick chert beds. There-
fore, this succesion indicates an increasing input of ter-
rigenous material, and the succession in the upper part
could be interpreted as dillution cycles (DECKER,
1991). Bedding surlaces arc sharp and irregular. Radio-
larian tests, up to 0.35 mm in diameter, arc filled with
microcrystalline quartz; very rarely relics ol incom-
pletely recrystallized radial chalcedony may be found.
Some chert layers have very thin (<1 mm) ribbons
filled with ferruginous-clayey material, which do not
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Fig. 1. Location map
(a) and schematic
geological maps
of Mt. Kalnik (b,
after  SIMUNIC
et al., 1982) and
Mt. Medvednica
(c, after SIKIC et
al., 1977 and BA-
SCH et al., 1981,
both simplified).
Studied localiti-
es: 1) Kestenik;
2) Jazvina; 3) Po-
ljanica. Legend:
I - Tertiary sedi-
mentary rocks; 2
- Upper Cretace-
ous-Palacogene
sedimentary roc-
ks; 3 - magmatic
and sedimentary
rocks of uncer-
tain Lower Creta-
ceous age (PAM-
I, pers. comm.);
4 - Triassic clas-
tic and carbonate
rocks of Zakic-
nica nappe; 3 -
metamorphic roc-
ks: 6 - boundary:
7 - favll; 8 - thr-
ust Lault,
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POLJANICA

CARNIAN-NORIAN

Fig. 2 Studied geological sections.
Legend: 1 - pillow lavas; 2 -
metabasalt with amygdaloidal
structure; 3 - shale xenoliths in
metabasalt with amygdaloidal
structure; 4 - pyroclastic rocks:
5 - tuffitic shale; 6 - calcitized
shale; 7 - silicified radiolarian
limestone; 8 - silty shale; 9 -

LADINIAN

5 i—ﬁlﬂc

radiolarite; 10 - Cretaccous-

ETE‘?
Palacogenc marl; 11 - Mn-

12 [AJA:E ] 13

enriched beds: 12 - palaconlo-

logical samples; 13 - chemical
analyses.

cutl radiolarian tests. They probably represent small-
scale anastomosing stylolites (NISBET & PRICE,
1974). The matrix is composed of microcrystalline
quarlz; accessory muscovite minerals are oriented par-
allely with radiolarian laminae. The radiolarites arc
characterized by poor visible gradation, depending
upon the number of individual tests in the rock. Parallel
lamination 1s expressed by the alternation of millimetre-
scale lighter laminae enriched in radiolarians, and dark-
er laminae enriched in a clay component. In some spe-
cimens weak convolute lamination has been observed
(Fig. 4c). These structures indicate probable deposition
[rom turbidity currents; therefore the rocks could be
interpreted as linc-grained turbidites (PIPER & STOW,
1991).

Silty shale beds have the same colour as the radio-
larian cherts, and are from a lew millimetres to several
tens ol centimetres thick. The rock is intensely impreg-
nated by a ferruginous substance. X-ray analyses of
ine-grained malterial have shown that approximately
50% ol the rock is composed ol quarlz, and the mus-
covite and/or illite proportion is also important; plagio-
clasc, hacmatite and chlorite arc subordinate. The silt-
sized grains arc composcd of quartz grains and mus-
covite; feldspars, chlorite and opaque [erruginous min-

erals are subordinate. The rock is characterised by mil-
limetre lamination.

(3) The upper part of the section is composed ol
intensely weathered calcitised vesicular metabasalt with
cm-scale enclaves ol dark red shale (Fig. 3a). Albites
and pyroxenes in the metabasall are very blurred, [rac-
tured and caleitised. Vesicles, which are usually 0.1 to
2, rarcly up to 10 mm in diameter, have a monomineral-
ic composition, usually of coarse-crystalline calcite,
rarcly chlorite. Calcite vesicles with a thin chlorite rim
and chalcedony vesicles are very infrequent. Vesicles
are infrequently coalesced into clusters up to 15 ¢m in
diameler.

A continuation of the section is not visible, due
overburden cover, but secondary boulders indicate the
presence ol another unit composed of shales and cherts
above the vesicular metabasalts.

The Jazvina outcrop (2 on Fig. 1b) is situated in
the central part ol the Kalnik MU in a small, abandoned
quarry. The rocks arc heavily tectonised, except in the
sccond level in the southern part of the quarry, where a
relatively undisturbed succession oulcrops.

The lower part of the section is composed of calci-
tised, weakly porphyritic ophitic metabasall. Albite
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Fig. 3 a) Enclave of dark red siliceous shale (dotted) in metabasalt with amygdaloidal structure (Kestenik outcrop, Kalnik Mt., upper part of the
section): b) irregular boundary between pillow lavas and radiolarite. Metabasalt is in the lower part of the picture, below light coloured mea-
suring band (Jazvina outcrop, Kalnik ML.); ¢} ribbon radiolarite exhibiting pinch and swell structure (Poljanica outcrop, Mt. Medvednica); d}
cm-thick Mn-enriched beds (Poljanica outcrop, Mt. Medvednica).

crystals are clongated, 0.1 to 0.3 mm long; augite crys-
tals are blurred, and partially epidotised. Interstices are
lilled with chlorite. Sparse albile phenocrysts occur (0.3
to 0.7 mm long, rarely up to 2 mm). Samples are tec-
tonised, and fractures are filled with calcite; joints are
occasionally manganised. The pillow structure is visible
despite tectonic disintegration. Within the metabasalts
there is a layer of light-green basic tuff, which in the
lower part is crystalloclastic, and in the upper part crys-
tallovitroclastic. Lithoclasts are [ragments of meta-
basalts, and crystalloclasts are fragments of albite and
fresh to altered augite. Tuffs have homogenuous struc-
ture, but are, like the metabasalts, intensely tectonically
disintegrated.

The boundary between the pillow-lava and secdi-
ments is irregular (Fig. 3b). Weakly silty claycy shale,
which overlies the effusive rocks in the succession, is
intenscly limonised along the fractures. The silt-sized
component is composed ol quartz grains, mica, and
subordinate chlorite. Rounded zircon grains are acces-
sory minerals. Horizontal lamination is a consequence
of parallely oriented muscovite and/or illite.

The next interval is characterised by 30 cm thick
bed of silicified radiolarian microsparite. In the calcite
matrix there are up to 0.35 mm large radiolarian tests.
They are filled with radial chalcedony, the marginal
parts of which are calcitised. The interstices between
some calcite crystals are [illed with microcrystalline
quartz. Hacmalile is an accessory.
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Fig. 4 a) A photomicrograph of normal gradational structure (Poljanica outcrop, Mt. Medvednica); b) a photomicrograph ol parallel lamination
(Poljanica outcrop, Mt. Medvednica); ¢) a photomicrograph of convolute lamination (Kestenik outerep, Mt. Kalnik); d) a photomicrograph
of weakly expressed normal gradation with microstylolites in the upper part of the interval (Kestenik outcrop, Mt. Kalnik). Scale bar = 1

min.

The following 1.3 m ol the section is composed of
haematitised silty clayey shale, characterised by a lami-
nated structure. Silt-sized components are represented
by quartz grains and illite. X-ray analyses have deter-
mined that muscovite and/or illite comprisc a signifi-
cant proportion ol the sediment, while quartz represents
approximately 35%. Chlorile, plagioclase, haematite
and vermiculite are subordinate.

For the next 2.75 m the colour of the rock is green-
gray, probably as a consequence of lower hacmatile
contents. This interval is composed ol poor silty radio-
larian cherts ol an homogeneous structure, Radiolarian
tests (0.1 to 0.15 mm in diameter) are irregularly dis-
tributed, and mostly completely recrystallized into
microcrystalline quartz.

The upper part of the section is once again com-
posed ol reddish hacmatised radiolarian shale with
infrequent, irregularly distributed radiolarian tests. The
remainder of the section is covered, and probably cut
by a fault towards the south.

Besides the horizontal lamination in the shales the
succession has no other structural characteristics. The-
refore, we supposc that it was deposited [rom suspen-
sion in a very quict environment, with possible redepo-
sition by weak bottom currents.

The Poljanica outerops (3 on Fig. l¢) are sitnated
on the NW slopes of the SW part of Medvednica ML, in
the valley ol Poljanica creck, about 1.2 km eastern [rom
Poljanica village. Sections of siliccous scdiments
totalling [2.5 m have been studied. The section “3b”
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(Fig. 2) is strongly condensed (see section 4). The out-
crops are represented by typical dark red, bedded radio-
larites (Fig. 3c¢) with pinch and swell structures
(JENKYNS & WINTERER, 1982), characterised by
the alternation of centimetre- to decimetre-thick beds of
radiolarian cherts with millimetre- to centimetre-thick
beds of silty shales. Bedding surfaces are sharp, but
irregular. The sediments are intensely folded, partially
even overturned (section 3b), as indicated by inverse
grading and micropalaecontological evidence (in the hip-
sometrically higher level an older autochthonous micro-
fossil assemblage has been found compared to that in
the lower part). The foot-wall ol the radiolarite
sequence 1s not known, due to intense tectonics, while
the hanging-wall is represented by discordant Palae-
ocene calcitic siltstones. However, on the basis ol cur-
rent geological mapping of this region (FTALAMIC, in
prep.) it is possible to conclude that the examined Tri-
assic radiolarites are partially overlain by similar silty
siliccous sediments (radiolarian cherts, siliceous shales,
siltstones, matrix-supported conglomerates and basic
effusive rocks) of uncertain Jurassic age.

In the Poljanica section, 2-12 cm thick beds consist
ol haematised radiolarian cherts. The matrix is com-
posed of microcrystalline quartz with mm radiolarian-
enriched laminac (Fig. 4b). Radiolarian tests are filled
predominantly with microcrystalline quartz; relics of
radial chalcedony are infrequent. Sponge spicules and
radiolarian debris of coarse silt to fine sand size also
contribute to the sediment, as well as silt-sized clastic
material composed of scarce quartz grains and mus-
covite/illite. Apatite and zircon are accessory minerals,
and calcite represents secondary mineral [illing in very
small [ractures. Macroscopically visible lamination is a
consequence of different levels of hacmatisation. Under
the microscope most samples exhibil graded intervals
(Fig. 4a), characterised by an crosional lower surface
and gradual transition into haemaltised silty shale. In
these radiolarian cherts, as in the Kestenik section,
anastomosed stylolites enriched in ferruginous matter
occur (Fig. 4d).

Millimetre- to centimetre-thick beds of dark red
silty shales arc also intensely haemaltised. Rare radiolar-
ian tests are irregularly distributed, but mostly well pre-
served, as a conscquence of a clayey component which
prevented silica dissolution and circulation during dia-
genesis. The main components of silty shales are mus-
covile and illite. Quartz comprises approximately 20%,
plagioclase 15%, and haemaltite 5%, while chlorite is
subordinate.

Within some beds of radiolarian chert, Mn-enriched
laminae occur {rom a lew-millimetre to 2 ¢m thick (Fig.
3d). Chemical analysis of one lamina has shown that it
is composed of 47.96% MnO, 1.28% Fe,0, and 1.19%
Ti0,. Manganese is probably genetically related to vol-
canism, as a consequence of hydrothermal activity dur-
ing, or immediately after, basic elfusion on the sea-bed.

In the middle part of this section a 20 c¢m thick bed
of green-gray, homogeneous tuffitic radiolarian silty

shale has been observed. It is composed of clay miner-
als and cryptocrystalline quartz. Completely recrystal-
lized radiolarian tests, up to 0.15 mm in diameter, are
also filled with cryptocrystalline quartz. Accessory
components include apatite, zircon and haematite,
while calcite and chlorite are probably of a secondary
origin. Apatite and zircon could also be related to the
volcanic activity, as already described in the Mn-
enriched sediments.

On the basis of sedimentary structures (especially
gradation and lamination), and grain sizc it may be con-
cluded that these rocks were (as well as the rocks from
the Kalnik Mt.} deposited {rom low-density turbidite
currents and reworked by bottom currents. The small
grain size probably indicates distal turbidites. Contem-
poraneous volcanic activity is directly expressed at
Kestenik and Jazvina outcrops by effusive rocks in the
lower parts of sections, while at the Poljanica outcrop
there are only indirect volcanic indicators (represented
by a tuflitic component and Mn-enriched beds). How-
ever, il 1s possible that in the footwall of the investigat-
cd radiolarites from the Medvednica Mt. there were
also effusive rocks, which were reduced by thrust-tec-
tonics.

4. RADIOLARIAN BIOSTRATIGRAPHY

Eight radiolarian-bearing samples have been stud-
ied. The position of samples is shown in Fig. 2. Radio-
larians were extracted using standard HF methods.

Locality Kestenik (1):

Sample KE 8: red chert, 2 m above the contact
with pillow lavas. Radiolarian content:

Betraccium (7) sp., PL 11, Figs. 1-2.

Capnuchosphaera cf. crassa YEH 1990

Capnuchosphaera triassica DE WEVER, in DE WEV-
ER et al. 1979, PL. 11, Fig. 9.

Nakasekoellus sp.

Spongostylus carnicus KOZUR & MOSTLER 1979

Sample KE 12: red laminated chert, 16.5 m above
the contact with pillow lavas. Radiolarian content:

Capnodoce sp., PL. 11, Figs. 3, 5.

Capnuchosphaera cf. lea DE WEVER, in DE WEVER
etal. 1979

Nakasekoellus sp., PLL 1, Fig. 19.

Spongostylus carnicus KOZUR & MOSTLER 1979, PL
11, Fig. 19.

Xiphotheca sp., PL 1, Fig. 23,

Age: Both samples are dominated by Capnuchos-
phaera and detached twisted curved spines, which we
assigned to Spongostylus KOZUR &
MOSTLER. Numerous multicyrtid nassellarians gener-
ally resembling Triassocampe or Annulotriassocampe
are present but cannot be determined due to poor
preservation,

carnicus



136

Geologia Croatica 48/2

Spongostylus carnicus KOZUR & MOSTLER first
appears in the Middle Carnian (Julian) (KOZUR &
MOSTLER, 1994). The latest occurrence of S. carnicus
documented so far is Late Carnian (CARTER et al.,
1989). The carliest occurrence ol Nakasekoellus is
reported from probably the Late Carnian or late Middle
Carnian Nakasekoellus inkensis Zonc (KOZUR &
MOSTLER, 1994). This genus (determined as Xipha)
ranges Lo the late Middle Norian Latium paucim Sub-
zone (BLOME, 1984).

In sample KE 12 rare and relatively small speci-
mens ol Capnodoce occur. The carliest well dated
appearance ol Capnodoce is Late Carnian based on
associated ammonoids and conodonts (CARTER et al.,
1989; CARTER, 1991). The concluded age for sample
KE 12 is thus Late Carnian, and for sample Ke 8 lack-
ing Capnodoce Middle to Late Carnian.

Locality Jazvina (2):

Sample JA 3: dark red chert, 3 m above the contact
with pillow lavas. Radiolarian content:

Capnodoce anapetes DE WEVER, in DE WEVER et
al. 1979, PL 11, Fig. 7.

Capnodoce sp., PL. 11, Fig. 8.

Capnuchosphaera ct. constricta (KOZUR & MOCK),
in KOZUR & MOSTLER 1981, PL 11, Fig. 11.

Capnuchosphaera theloides DE WEVER, in DE WEV-
ER et al. 1979, PL 11, Fig. 13.

Capnuchosphaera (1) sp., PL 1L, Fig. 10.

Nasscllaria gen. et sp. indet., PL I, Fig. 18.

Sarla sp., PL. 11, Figs. 17, 20.

Xiphotheca karpenissionensis DE WEVER, in DE
WEVER et al. 1979, PL. 1, Fig. 25.

Xiphotheca sp., PL. 1, Fig. 24.

Whalenella cf. regia (BLOME) 1984, PL. 1, Figs. 21-22.

Whalenella sp., P1. 1, Fig. 20.

Age: Capnuchosphaera and Capnodoce are the
most {requent genera in this sample. Capnodoce ranges
from the Late Carnian (CARTER et al., 1989;
CARTER, 1991) to the late Middle Norian (BLOME,
1984), Capnuchosphaera has a longer stratigraphic
range. Whalenella (determined as Corum) is restricted
to the Capnodoce Zone (Late Carnian?/Early to late
Middle Norian) (BLOME, 1984). The age of this sam-
ple 1s thus Late Carnian to Middle Norian.

This assemblage differs from the assemblage found
in sample KE 12 at Kestenik by containing more abun-
dant and larger specimens ol Caprodoce, and by lack-
ing Spongostyvlus carnicus KOZUR & MOSTLER. This
difference probably indicates that the assemblage from
sample JA 3 is younger, i. e. latest Carnian to Middle
Norian.

Sample JA 5: red vitrcous chert. The section with
sample JA 5 is separated from the section with sample
JA 3 by a fault. The contact with pillow lavas has not
been observed. Radiolarian content:

Capnodoce anapetes DE WEVER, in DE WEVER et

al. 1979, PL 11, Fig. 6.

Capnuchosphaera theloides DE WEVER, in DE WEV-
ER etal. 1979

Capnuchosphaera triassica DE WEVER, in DE WEV-
ER etal. 1979

Xiphotheca sp.

Whalenella sp., PL. 1, Fig. 17.

Age: This assemblage is a correlative of the assem-
blage from sample JA 3, which is assigned to the Late
{probably latest) Carnian to Middle Norian.

Locality Poljanica (3):
Sample PC 58: dark red chert. Radiolarian content:

Capnodoce sp., PL. 11, Fig. 4.

Capnuchosphaera crassa YEH 1990, P1. 11, Fig. 12.

Capnuchosphaera cf. lea DE WEVER, in DE WEVER
et al, 1979, PI. 11, Figs. 14-15.

Capnuchosphaera triassica DE WEVER, in DE WEV-
ER etal. 1979

Capnuchosphaera tricornis DE WEVER, in DE WEV-
ER ctal. 1979, PL 11, Fig. 16.

Spongostylus carnicus KOZUR & MOSTLER 1979, P1.
IT, Fig. 18.

Age: This sample is characterized by abundant
specimens of Capnuchosphaera, spines of Spongostylus
carnicus KOZUR & MOSTLER, and rare small Capn-
odoce. The specics composition is similar to that found
in sample K 12 from Kestenik. It is assignable to Late
Carnian.

Sample PC 3: dark red chert. Specics content:

Gomberellus bispinosus (KOZUR & MOSTLER) 1981

Muelleritortis cochleata (NAKASEKO & NISHIMU-
RA) 1979, PL. 1, Figs. 13-14.

Pseudostylosphaera goestlingensis (KOZUR & MOS'T-
LER) 1979

Spongoserrula raranana DUMITRICA 1982, PL 1, Fig.
A

Triassocampe sp.

Sample PC 15: dark red chert. Species content:

Muelleritortis cf. cochieata (NAKASEKO & NISHI-
MURA) 1979

Muelleritortis (7) sp., PL. 1, Fig. 12.

Pseudostylosphaera goestlingensis (KOZUR & MOST-
LER) 1979, PL. 1, Fig. 9.

Triassocampe sp.
Sample PC 59: dark red chert. Species content:

Gomberellus bispinosus (KOZUR & MOSTLER) 1981,
Pl. I, Fig. 6.

Hungarosaturnalis sp., PL. I, Fig. 7.

Muelieritortis cochleata (NAKASEKO & NISHIMU-
RA) 1979

Muelleritortis firma (GORICAN), in GORICAN &
BUSER 1990, PL. 1, Fig. 15.

Oertlispongus inaequispinosus DUMITRICA, KOZUR
& MOSTLER 1980, PL. 1, Fig. 1
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Pseudostylosphaera  goestlingensis  (KOZUR &
MOSTLER) 1979, PL. 1, Figs. 8, 10-11.

Spongoserrula cristagalli DUMITRICA 1982, PL. I,
Figs. 3-5.

Triassocampe sp.

Wuranella cf. carnica KOZUR & MOSTLER 1981, PL
I, Fig. 16.

Zhamojdasphaera sp.

Age: Samples PC 3, PC 15 and PC 59 contain
Mucelleritortis cochieata (NAKASEKO & NISHIMU-
RA). According to KOZUR & MOSTLER (1994), this
species defines the Muelleritortis cochleata Zone (Lan-
gobardian) and disappears within the lower Trifortis
kretaensis Zone (highest Langobardian or basal Corde-
volian). Hungarosaturnalis, Pseudostylosphaera with
twisted spines, and advanced Oertlispongidae are com-
monly associated with M. cochileata. The occurrence of
Oertlispongus Inaequispinosus DUMITRICA, KOZUR
& MOSTLER in this assemblage 1s rare, but it has been
recorded (DUMITRICA,I()SZ; DOZSTALY, 1991).

Summary: On Mt. Kalnik the radiolarites directly
overlying basaltic volcanics are of Late Triassic age
(Middle Carnian to Late Carnian at Kestenik, Lale
(probably latest) Carnian to Middle Norian at Jazvina).
The radiolarites on ML Medvednica are in part contem-
porancous (Late Carnian) bul range down to the Late
Ladinian or base of Carnian.

5. GEOCHEMISTRY

Macroelements were measurcd using standard
chemical analyses. Ca, Fe,0,, Mg and Al were analysed
complexometrically by EDTA with corresponding indi-
cators; Ti, Mn and P were analysed spectrophotometri-
cally from the same solution. K and Na contents were
measured by flame photometry, while Fe** and Si con-
tents were determined gravimetrically. Volatiles were
measured by loss of ignition at 1150°C (analysed by
Vlasta JURISIC-MITROVIC, Institute of Geology,
Zagreb).

Five samples of radiolarian cherts and [ive samples
ol siliceous silty shales were analysced. They were
choosen as representatives of both the sediment types,
and also of the vertical succession. Results are shown in
Table I.

$i0, contents in cherts range from 87 to 93%, and
are slightly higher in samples from Kalnik Mt. than
from Medvednica Mt. The SiO, content of shales is
lower, ranging from 67 to 83%, and is less in samples
from Kalnik Mt. TiO, contents represent a measure of
the input of clastic material (SUGISAKI, 1984), which
explains why it is much lower in analysed radiolarites
than in shales. However, it is obvious that determined
contents in the radiolarian cherts (average 0.176%) are
much higher than 0.045%, which is the average value
for cherts of hydrothermal origin, i.e. cherts with low
terrigenous contamination (ADACIIL et al., 1986).

RADIOLARIAN CHERTS SILICEOUS SILTY SHALES
Sample KE -9 JA - 14 Pr-1 Pr-6 Pr-10 KE -5 KE - 14 JA-11 PC-32 PF - 4
Si0, 89.24 93.88 §7.88 88.05 88.29 79.83 73.98 67.03 83.17 80.06
TiO, 0.35 0.07 0.11 0.18 0.17 0.41 0.37 0.69 0.21 0.20
ALO, 3.11 1.66 3.26 2.04 370 4.34 8.98 10.25 3.06 5.94
Fe,O, 0.62 0.65 1.11 3.07 2.91 274 4.72 5.07 271 4.63
TFeO 1.52 1.24 0.98 0.73 0.68 0.69 114 1.65 0.72 0.74
MnO 0.07 0.07 0.24 0.18 0.11 0.08 0.14 0.12 0.15 0.13
MgO 0.20 0.42 1.88 (.62 0.71 1.89 1.83- 3.06 0.64 1.45
CaO 1.49 0.34 0.63 0.71 0.70 0.98 1.96 1.32 2.47 0.67
Na,O 0.45 0.17 0.38 0.53 0.18 1.22 0.46 1.69 0.81 0.59
K,O 1.01 0.36 0.78 1.27 0.48 3.33 2.60 4.39 247 2.49
P.O, 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01
LO1 1.25 .58 242 1.45 1.54 3.04 3.75 4.33 3.10 2.81
Total % 99.31 99.44 99.67 99.43 99.47 99.15 99.73 99.60 99.21 99:71
LEHEO; 2.49 0.52 0.95 1.12 1.05 1.51 3.01 1.80 423 0.86
Si/Si+Al+Fe+Ca | 0.9060 0.9453 0.9170 0.8991 0.8915 (.8725 0.7692 0.7367 0.8694 0.8342
Si/Si+Al+Fe 0.9275 0.9502 0.9264 0.9092 0.95012 0.8871 0.7940 0.7534 0.9051 0.8432
Al/Al+TFe+Mn 0.4965 0.3737 0.5001 0.3287 0.4250 0.4774 0.5251 0.5243 0.3865 0.4454
Fe/Ti 7.6988 33.8544 233505 251511 25.1619 9.9788 18.8891 11.6719 19,4996  31.8065
MnO/Ti0, 0.2000 1.0000 2.1818 1.0600 0.6471 0.1951 0.3783 0.1739 0.7143 0.6500

Table | Chemical composition (in weight %) of radiolarian cherts and siliceous silty shales from Mt. Kalnik (samples KE - Kestenik, and JA -

Jazving) and Mt. Medvednica (samples PF and PC - Poljanica).
'CaCO, contents is calculated after BALTUCK (1982).
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ALO, contents arc generally lower in radiolarites,
which is a consequence of the greater proportion of alu-
mosilicates in the shales.

However, it is obvious that radiolarites from the
Kestenik and Jazvina sections have higher values than
similar rocks from Medvednica Mt. CaCO, contents
calculated by Baltuck’s method (BALTUCK, 1982)
range from 0.9 to 4.2% in shales, and from 0.5 to 2.5%
in radiolarites. However, in samples which were chemi-
cally analysed detrital calcite has not been found by
macroscopic or microscopic analyses, except in sample
PF-4. Thercfore, such CaCO, contents is interpreted as
a consequence of the secondary filling of fractures,
which is obvious especially in the upper part of the
Poljanica section; only a minute part could be ascribed
to analytical error.

Furthermore, different macroelement ratios were
calculated, to gain information on the origin of the sili-
ca in the sediment, on the terrigenous influence, as well
as on depositional environment and synsedimentary
hydrothermal influence (SUGISAKI et al., 1982; BAL-
TUCK, 1982; ADACHI et al., 1986; RUIZ-ORTIZ et
al., 1989),

The Si/Si+Al+Fe+Ca ratio gives information on the
contents ol biogenic silica vs. alumosilicates, ferrugi-
nous and calcium minerals (RUITZ-ORTIZ et al.,
1989). Typical values for rocks rich in biogenic silica
are 0.8-0.9. Already during microscope examination it
was obvious that the silica in the samples is mostly of
biogenic origin (abundant radiolarians, spicules and
siliccous biogenic detritus), which is confirmed by
Si/Si+Al+Fe+Ca ratio ranging from 0.89 to 0.94 (aver-
age 0.91) in radiolarian cherts, and from 0.73 to 0.87
(average 0.82) in siliceous silty shales. Morcover, the
input of silica in the pore water during weathering ol
alumosilicates and volcanic material is very small,
especially regarding the influence ol organic input
(CALVERT, 1974).

The Al/Al+Fe+Mn ratio represents an indicator of
the terrigenous origin of detrital material, i.c. a measure
of the relative input of terrigenous vs. marine material
(BALTUCK, 1982; RUITZ-ORTIZ et al., 1989). Typi-
cal continental matter has a value of 0.619 (average
compositional value ol shale), marine biogenic material
has a value of 0.39 (BALTUCK, 1982), while the value
of this ratio for pelagic clay of average composition
amounts to 0.56 (WEDEPOLHL, 1969). Sediments dep-
osited under more important hydrothermal influence
have lower values, ranging from 0.12 to 0.32 (ADACHI
et al., 1986). The analysed radiolarian cherts have an
Al/Al+Fe+Mn ratio of 0.43, and siliccous silty shales of
0.47 (both values arc average), which indicates their
biogenic origin with some terrigenous influence (micro-
scopically determined detrital quartz grains and mus-
covite and/or illite ol silt-size). Therelore, it may be
concluded that the depositional environment had some
continental influence, i.e. it was probably a marginal
sea or distal part of the continental slope. Sample PF-6
from the Medvednica Mt. has value 0.33, which could

indicate a hydrothermal influence, also testified by Mn-
enriched beds.

Higher MnO/Ti0, and Fe/Ti ratios also indicate a
hydrothermal influence (SUGISAKI et al., 1982; SUG-
ISAKI, 1984; ADACHI et al., 1986). Examincd radio-
larian cherts and siliceous shales from the Kalnik and
Medvednica Mts. have higher values (Table 1) than Tri-
assic cherts and shales from Kamis (Central Japan)
which were not influenced by hydrothermal activity
(MnO/Ti0, average ratio for radiolarian cherts 0.254,
and for shales 0.168 - SUGISAKI et al., 1982;
ADACHTI et al., 1986). This indicates a hydrothermal
influence, i.e. Mn and Fe input during sedimentation.
Therefore, this ratio could represent further, although
indirect evidence that the Mn-enriched beds [rom the
Poljanica section arc of hydrothermal origin.

By comparison of the MnO/Ti0O, ratio in examined
samples with recent marine sediments it could be possi-
ble to indirectly infer a sedimentary environment lor
the siliceous deposits from Kalnik and Medvednica
Mits. However, the relatively high variation of the
MnO/Ti0O, ratio in examined deposits (0.2 to 2.18 in
radiolarian cherts, 0.17 to 0.71 in siliceous silty shales)
is probably a consequence of synsedimentary hydro-
thermal influence; therefore, it would not be proper to
use this criterion as a reliable indicator of depositional
environment, i.e. basin character. Calculated values of
the MnO/Ti0O, ratio for examined samples of siliccous
deposits from Kalnik and Medvednica Mis. would
approximately fit into the range of pelagic sediments
sampled [rom the Pacilic Ocean floor more than 800
km from nearest land. This comparison is clearly dis-
cordant with other obtained data, especially the rela-
tively abundant silt-sized detritus in radiolarian cherts
and values of the Al/Al+Fe+Mn ratio.

6. DEPOSITIONAL ENVIRONMENT

Siliceous sediments from the Kalnik and Medvedni-
ca Mts. were rhythmically deposited: beds of biogeni-
cally enriched radiolarian cherts allernate with siliccous
shales enriched with terrigenous material. Their rhyth-
mical character was predisposed by the cyclical input of
chalcedony related to the variable productivity of plan-
ktic organisms due to upwelling processes (DE WEV-
ER, 1994), as well as by oscillations in lerrigenous
input (dillution cycles - DECKER, 1991). However,
rhythmicity could also represent the consequence of
resedimentation by turbidity currents and conturites, as
shown by the double accumulation model, which sug-
gests that radiolarian cherts were accumulated by the
continuous slow sedimentation ol siliceous biogenic
material (radiolarians, spicules, ctc.), while the shale
represents phases of rapid sedimentation of terrigenous
malerial by distal turbidites (INIMA et al., 1985).

A major part of the structural characteristics
described in the investigated sections indicate that at
least part ol the cherts were deposited from low-densi-
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Fig. 5 a) Palaecogeographic location of studied radiolarites from Kalnik and Medvednica Mts. in the Late Triassic (map after STAMPFLI &
PILLEVUIT, 1993). Legend: SL - Sosio-Lagonegro trough; Bu - Budva; Ha - Hallstatt trough; Va - Vardar; DC - Dici-Crimea trough; Pe -
Pelagonian terrane; Ki - Kirshehir; B - position of studied radiolarites. b) Palacogeographic location of studied radiolarites from Kalnik and
Medvednica Mts. in Late Triassic (map alter MARCOUX et al., 1993 - partly modified). Legend: | - deep basin below CCD: 2 - slope or
deep basin above CCD; 3 - shallow platform; 4 - fault; 5 - active spreading ridge; 6 - position of studied radiolarites; Bo - Bosnia; PO - Pin-
dos-Olos; Bud - Budva; InT- Lagenegro basin; Oth - Othrys; SP - Serbo-Pelagonian; KaP - Karst platform; Buk - Biikk; Hst - Hallstatt; Mel

- Meliata unit.

ty, low-velocity turbidity currents (NISBET & PRICE,
1974; FOLK & McBRIDE, 1978; SUGISAKI et al.,
1982) combined with redeposition by bottom currents
(JENKYNS & WINTERER, 1982, VECSEI et al.,
1989). During quiet periods terrigenous matcrial was
deposited [rom suspension, resulting in millimetre to
centimetre-thick beds of siliceous silty shales (dillution
cycles - DECKER, 1991). According to the grain-size
ol the turbidite sequences their distal character may be
infered.

The scarcity of primary calcite in the studied sedi-
ments at the Kestenik and Poljanica localities indicate
that depositional depth was below the calcite compen-
sation depth (CCD). From the 30 cm thick bed of silici-
lied radiolarian microsparite in the lower part ol the
Jazvina scction it may be concluded that it was proba-
bly deposited slightly above the CCD. However, this
does not mean that during deposition of the studied sed-
iments [rom Kalnik and Medvednica Mts. there was a
global vertical variation ol the calcite compensation
depth; this was probably a consequence of a local aber-
ration (BERGER & WINTERER, 1974). As the
siliccous sediments were deposited in a marine basin of
relatively modest dimensions, and not very far from
land, it may be presumed that the CCD was rather shal-
low. The CCD is generally shallow where the produc-

tivity of plankton is high. It can, furthermore, be con-
cluded that the radiolarites [rom the Kalnik and
Medvednica Mts. were accumulated relatively far from
the highly productive carbonate platforms which could
have exported carbonate mud offshore and led to the
deposition of periplatform carbonate ooze in the basin
(BAUMGARTNER, 1987).

7. PALAEOGEOGRAPHICAL IMPLICATIONS

It is very dilficult to make a palacogeographic
reconstruction of the studied sections, as: (1) the stud-
ied sections underwent very intense radial and tangen-
tial tectonic deformation since the Triassic, resulting in
the present contacts of rocks of different age and lithol-
ogy, and (2) Triassic rocks arc commonly overlain by a
thick Tertiary-Quaternary succession. Thercfore, allo-
chthonous radiolarites of the Kalnik and Medvednica
Mits. represent small relics ol obducted Triassic deep-
sea sediments; the largest part was consumed during the
(MEarly Cretaceous subduction of former ocean crust
under the Eurasian continent.

For a more complete picture ol the palacogeogra-
phical position of the radiolarites from the Kalnik and
Medvednica Mts. in the Triassic they should be corre-
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lated with contemporaneous rocks [rom neighbouring
areas deposited in similar environments. The nearest
outcrops of similar rocks can be found about 150 km
southeastern of Medvednica in Northwest and central
Bosnia, in a 200 km long zone composed of radiolarites
associated with Upper Triassic micrites and spilites
(PAMIC et al., 1981). The major part of radiolarites
from this zone are probably of Jurassic to Early Creta-
ceous age (PAMIC, 1982). Triassic (Carnian-Norian)
radiolarites directly overlying pillow lavas were [ound
in the Vardar Zone in Serbia (OBRADOVIC &
GORICAN, 1989).

Towards the NE, in the borchole Inke, south of
Lake Balaton, ophiolitic rocks associated with Upper
Carnian or upper Middle Carnian radiolarian-bearing
siliceous rocks are present (KOZUR, 1994, appendix to
KOZUR & MOSTLER, 1994). They can be well corre-
lated with our Upper Triassic sequences from Mt.
Kalnik.

In the Meliata Unit in northeastern Hungary and
southern Slovakia, radiolarites overlying or interbedded
with pillow lavas are assigned to the Early Ladinian,
Late Ladinian and Early Carnian (Cordevolian) (KO-
ZUR & MOCK, 1973; DE WEVER, 1984: KOZUR &
RETI, 1986; KOZUR, 1991; DOSZTALY & JOZSA,
1992). In Middle Carnian to Norian radiolarites of the
Meliata Unit no intercalations of volcanics have been
found (KOZUR, 1991). The Middle to Late Carnian
(Kestenik section) and Late Carnian to Norian (Jazvina
section) ages of radiolarites in contact with basic vol-
canics suggest that sca-[loor spreading was still active
in the study area while it had already ceased in the
Meliata Basin.

Upper Ladinian to Upper Carnian radiolarites from
Mt. Medvednica, the base of which is not known, could
have been deposited either on oceanic crust or on
thinned continental crust. Correlation of this isolated
radiolarite sequence with any other basinal sequence is
difficult. Middle and Upper Triassic radiolarites are
common in the Mecliata Unit (DE WEVER, 1984;
KOZUR, 1991; DOSZTALY & JOZSA, 1992), and
some Middle Triassic radiolarites were found as
megablocks in the ophiolitic melange in the Vardar
Zone as well as in the South-western Diabase-Chert
Formation Belt (OBRADOVIC & GORICAN, 1989),
Current investigation (HALAMIC & GORICAN, n
prep.) revealed that on Mt. Medvednica radiolarites and
megabreccias of Jurassic age are present but a Jurassic
age for the effusive rocks has not been confirmed. As
Jurassic turbidites and olistostromes are known also
from the Meliata Unit (KOZUR, 1991) this would sug-
gest the possibility that the basin evolution of both
arcas was rather similiar.

According to the results of sedimentological and
gcochemical investigations presented in this paper it
may be concluded that the basin represented by studied
outcrops from Kalnik and Medvednica Mits. was locat-
cd rather close to the land. We suppose that the radio-
larites were deposited during the Middle to Late Trias-

sic relatively close to the continent or continents, i.e. in
the vicinity of a slope or in a marginal sca between
them.

The possible position of the studied area in two
alternative Late Triassic palacogeographic maps by
STAMPFLI & PILLEVUIT (1993) and by MARCOUX
et al. (1993) is shown in Figs. Sa and 5b.

8. CONCLUSIONS

1. Siliceous sediments of Kalnik and Medvednica
Mlts. arc typical ribbon bedded cherts. On Mt. Kalnik
they are concordantly lying upon pillow lavas, compos-
ing one geological formation. On Mt. Medvednica their
foot-wall is unknown, due to tectonic reduction.

2. On the basis of radiolarian biostratigraphy a Mid-
dle Carnian to Norian age for the radiolarites from
Kalnik Mt., and a Late Ladinian to Late Carnian age for
radiolarites from Medvednica Mt. has been determined.
Since these rocks on Kalnik Mt. are lying directly on
pillow lavas or are interbedded with them (Kestenik
outcrop) the volcanics are also ol Late Triassic age.

3. According to their structural characteristics (hori-
zontal lamination, gradation and convolute lamination),
we suggest deposition from low-density turbidity cur-
rents for the radiolarites. Subsequently they were prob-
ably reworked by bottom currents. Depositional depth
was close to the CCD, which was probably rather shal-
low.

4. Petrological, sedimentological and gecochemical
results indicate deposition in a relatively narrow basin
or relatively closc to the land (important terrigenous
influence) characterised by hydrothermal activity.

5. Studied sections could be correlated with the
ncarcst outcrops of Triassic radiolarites associated with
basic volcanic rocks. The studied area was probably
part of the Vardar Basin.
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23-24
25

PLATETI

Oertlispongus inaequispinosus DUMITRIC)Z\, KOZUR & MOSTLER, PC 59, 940231, 150x.
Spongoserrula rarauana DUMITR!C/V\, PC 3,950124, 150x.

Spongoserrula cristagalli DUMITRIC/—K\, PC 59, 3: 940302, 4: 940303, 5: 940232, 100x. Specimens
in Figs. 3-4 have a more symmetrical spine than the type material.

Gomberellus bispinosus (KOZUR & MOSTLER), PC 59, 940313, 200x.
Hungarosaturnalis sp., PC 59, 940227, 200x.

Pseudostylosphaera goestlingensis (KOZUR & MOSTLER), & PC 59, 940327; 9: PC 15, 940419
10: PC 59, 940321; 11: PC 59, 940324; 100x.

Muelleritortis (1) sp., PC 15, 940414, 150x.

Muelleritortis cochleata (NAKASEKO & NISHIMURA), PC 3, 13: 950134, 14: 950131, 100x.
Muelleritortis firma (GORI(EAN)! PC 59, 940219, 150x.

Wuranella cf. carnica KOZUR & MOSTLER, PC 59, 940331, 200x.
Whalenefla sp., JA 5, 940207, 200x.

Nassellaria gen. et sp. indet., JA 3, 940124, 200x.

Nakasekoellus sp., KE 12, 950405, 300x.

Whalenella sp., JA 3, 940132; 200x.

Whalenella cl. regia (BLOME), JA 3, 21: 940129, 22: 940125, 200x.
Xiphotheca sp., 23: KE 12, 950329; 24: JA 3, 940121; 200x.
Xiphotheca karpenissionensis DE WEVER, JA 3, 940123, 150x.

For cach illustration the sample number, SEM-negative number, and magnification are indicated. The scanning electron micrographs were taken
on a JEOL JSM-330A at the Ivan Rakovee Institute of Palacontology, Scientific Rescarch Centre of the Slovenian Academy of Sciences and
Arts. Rock samples, residues and SEM negatives are stored in the collection of the second author.

9
10
11
12
13
14-15
16
17
18-19
20

PLATE II

Betraccium (7) sp., KE 8, 1: 950218, 2: 950217, 200x.

Capnodoce sp., 3: KE 12, 950313; 4: PC 58, 950102; 5: KE 12, 950403; 200x.
Capnodoce anapetes DE WEVER, 6: JA 5, 940210; 7: JA 3, 940115; 200x.
Capnodoce sp., JA 3, 940113, 200x.

Capnuchosphaera triassica DE WEVER, KE 8, 950230, 150x.
Capnuchosphaera (?) sp., IA 3, 940106, 150x.

Capnuchosphaera cf. constricta (KOZUR & MOCK), JA 3, 940111, 150x.
Capnuchosphaera crassa YEH, PC 58, 950108, 150x.

Capnuchosphaera theloides DE WEVER, JA 3, 940104, 150x.
Capnuchosphaera cl. lea DE WEVER, PC 58, 14: 950101, 15: 950117, 150x.
Capnitchosphaera tricornis DE WEVER, PC 58, 950105, 150x.

Sarla sp., JA 3, 940103, 150x.

Spongostylus carnicus KOZUR & MOSTLER, [8: PC 58, 950103; 19: KE 12, 950324, 150x.
Sarla sp., JA 3, 940102, 150x.

For each illustration the sample number, SEM-negative number. and magnification are indicated. The scanning electron micrographs were taken
on a JEOL JSM-330A at the Ivan Rakovee Institute of Palacontology. Scientific Research Centre of the Slovenian Academy of Sciences and
Arts. Rock samples, residues and SEM negatives are stored in the collection of the second author.



Halamic¢ & Gorican PLATE1 145




PLATEII




