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Abstract. In the Kr{ Gradac section (near to Sjenica, SW Serbia), a transition of a carbonate platform to
basin facies are outcropped: Norian-lower Liassic shallow-water carbonates, middle Liassic–lower Dogger
Ammonitico Rosso facies, and upper Bathonian into lowermost Cretaceous deep-water radiolarites in which the
carbonate graded bed and mass flow layer are intercalated.

The presence of a lower Dogger condensed sequence with the Bajocian protoglobigerinid event was hither-
to not evidenced.

It is documented that components of a graded bed are of extrabasinal (upper Triassic–lower Tithonian car-
bonate platform sediments) and intrabasinal (radiolarite, meta-andesite) origin, indicating a tectonic event not
older than the early Tithonian. This tectonic event caused the fracturing of the carbonate platform, also partly
basinal area. Consequently, the age of the graded bed is not older than the lower Tithonian.

In the uppermost radiolaritic sediments in the Kr{ Gradac section (?middle–upper Tithonian–lowermost
Cretaceous), a mass flow layer appears, which contains clasts of intrabasinal origin – different radiolarites,
siliceous radiolarian argillites (some of which are unconsolidated with washed radiolarians and sponge spicules
in a ferruginous sediment), sandstone grains, etc. The mass flow event is estimated as Berriasian.

In the Kr{ Gradac radiolarite succession, the authors recognized two deep-water formations, an older one,
upper Bathonian–lower Tithonian, between hardground (Dogger) and a graded bed, and a younger formation,
which started with a graded bed. This formation, according to its stratigraphic position, corresponds to ?mid-
dle–upper Tithonian–lowermost Cretaceous.

Key words: stratigraphy, Jurassic–lower Cretaceous, carbonates, siliciclastites, condensed limestone sequence,
graded carbonate bed, mass flow layer, Kr{ Gradac section, SW Serbia.

Apstrakt. Na lokalitetu Kr{ Gradac otkrivena je sukcesija koja obuhvata prelaz od facija karbo-

natne platforme do dubokovodnih basenskih sedimenata: nori~ko–dowolijaskih plitkovodnih karbona-

ta, sedimenata sredweg lijasa–doweg dogera Ammonitico Rosso facije i dubokovodnih radiolarita (sa

umetnutim karbonatnim gradiranim slojem i mass flow slojem) koji su deponovani od gorweg bata do u

najstariju dowu kredu.

Kondenzovana sekvenca doweg dogera sa protoglobigerinidama do sada nije bila evidentirana.

Analizom komponenti gradiranog sloja dokumentovano je prisustvo plitkovodnih sedimenata karbo-

natne platforme od gorweg trijasa do doweg titona, kao i sedimenata intrabasenskog porekla (radio-

lariti, metaandeziti). Ovakav sastav gradiranog sloja ukazuje na tektonski doga|aj koji je prouzrokovao

razarawe karbonatne platforme, kao i dela basenskog areala, a koji nije stariji od gorweg titona. U

najmla|em delu radiolarita Kr{a Gradca (?sredwi–gorwi titon – najni`a kreda) evidentiran je mass
flow sloj koji sadr`i intrabasenske klaste – razli~ite radiolarite, silicijske radiolarijske glince

(npr. iz nekonsolidovanih poti~u isprane radiolarije i spikule spongija, rasute u osnovnom gvo`|evi-

tom sedimentu). Ovaj sloj se pripisuje berijasu.

U sukcesiji radiolarita Kr{a Gradca autori prepoznaju dve dubokovodne formacije: stariju, od

gorweg bata do doweg titona, izme|u hardgrounda preko kondenzovane dowodogerske sekvence i gradira-

nog sloja, i mla|u, koja po~iwe gradiranim slojem, a na osnovu stratigrafskog polo`aja odgovara vre-

menskom intervalu ?sredwi–gorwi titon – najni`a dowa kreda.

Kqu~ne re~i: stratigrafija, jura–dowa kreda, karbonati, siliciklastiti, kondezovana kre~wa~ka

sekvenca, gradirani karbonatni sloj, mass flow sloj, Kr{ Gradac, JZ Srbija.
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Introduction

The Kr{ Gradac section is well known in the geo-
logical literature of the SW part of Serbia. It, as one of
the most well-exposed and interesting sections belong-
ing to the older Mesozoic of the Dinarids of Serbia and
has inspired geologists for many years, particularly be-
cause of the age determination of the traditional, known
Diabase-Chert Formation of the Balkan Peninsula area.

Except two papers of HAMMER (1921), and PETKOVI]

(1934) in which limestones from this locality were con-
sidered as Triasssic in age, in the other numerous pa-
pers (ALBRECHT 1925; KOSSMAT 1924; LEDEBUR 1941;
]IRI] 1954, 1984, 1996; RADOI^I]-BRSTINA 1956; RA-
DOI^I] 1962; JOVANOVI] @. 1963; RAMPNOUX 1974; JO-
VANOVI] O. et al. 1979; GRUBI] 1980; LJUBOVI]-
OBRADOVI] et al. 1998; etc.) different ages, based on
ammonite and brachiopod fauna and microfossil asso-
ciations, from upper Triassic to upper Liassic were as-
signed to these sediments. For the Liassic part of this
section, the unformal name Kr{ pod Gradcem Forma-
tion was proposed (LJUBOVI]-OBRADOVI] et al. 1998;
RADOVANOVI] et al. 2004).

During last 20 years, the radiolarian fauna from radi-
olarites and different siliceous rocks belonging to the
upper part of Kr{ Gradac section was studied (DJERI]

2002; VISHNEVSKAYA et al. 2009; GAWLICK et al. 2009;
unpublished data of [. GORI^AN, L. DOSZTÁLY). Ac-
cording to the results of these studied, the age of Kr{
Gradac radiolarites was documented by different radio-
larian assemblages as being from the upper Bathonian
to the lower Tithonian.

The aim of this paper is to present the stratigraphy
of the Kr{ Gradac section in regards to: a) the con-
densed limestone sequence (the lowermost part of the
Dogger) for which no published data exists; b) the
composition of the graded carbonate bed (which is not
older than middle–upper Tithonian) and its significance
and c) the presence of a mass flow layer of assumed
Berriasian age. The paper is based on new investiga-
tions of the authors, including data of R. RADOI^I],
sampled in 1968, from the carbonate part of section,
which is still lacking. In this manner, presenting data,
especially those dealing with the condensed sequence,
gives a more complex access to fill the lack of the
stratigraphy of the area. The carbonate part of the Kr{
Gradac section was devastated during work on the road
to the Jadovnik Mt. The destruction of the siliciclastics
has continued to date because of stone exploitation for
the construction of roads.

Geological setting

According to the last published geological map (Sheet
Prijepolje 2, 1:50 000, RADOVANOVI] et al. 2004), ophi-
olite mélange in the western and northwestern region
of Sjenica is widely distributed. In the mélange are em-

bedded blocks, olistoliths and slides of carbonate rocks,
gabbros, pillow lavas, ultramafics, as well as some
exotic granite. According to GAWLICK et al. 2009, one
of these sedimentary bodies, below the Middle Jurassic
mélange, is the Kr{ Gradac tectonic slice (carbonates
and radiolarites).

Kr{ Gradac section

The Kr{ Gradac section (Fig. 1; coordinates: x
4793454, y 7416424), is located on the western side of
the road Sjenica–Nova Varo{, on the SW slope of the
Gradac Hill. Generally, the geological column of this
section consists of carbonatic and siliciclastic parts
which are in tectonic contact with the mélange.

The oldest are massive limestones of upper Triassic
age of the Dachstein type and lower Liassic shallow-
water carbonates, then Middle Liassic–Lower Dogger
Ammonitico Rosso and Bositra-protoglobigerinid facies
which ends with hardground. The succession continues
into middle Jurassic–lowermost Cretaceous radiolarites
in which the middle part is intercalated with the grad-
ed bed and the mass flow layer in the upper part.

In this paper, in the stratigraphic column of the Kr{
Gradac section, only the middle Liassic–lowermost
Cretaceous sediments, which are in five separated units
(Fig. 2, units A–E) were studied.
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Fig. 1. Geographic position of the Kr{ Gradac section.



Unit A

The unit A, 12.3 m thick, is of Middle and Upper
Liassic limestones of Ammonitico Rosso type facies.

In the lower part of unit A (facies with Involutina
liassica), a little known brachiopod of the genus Konin-
ckella is found (Pl. 6, Figs. 11, 12).

The unit ends with a 0.6 m thick, in upper part red-

dish wackestone, with middle Toarcian ammonites: Hil-
doceras bifrons, Lithoceras septatum, Calliphyloceras
capitanioi, Harpoceratoides strangewaysi (]IRI] 1954;
RAMPNOUX 1974), and a rich foraminiferal fauna – In-
volutina liassica, Agerina martana, Ophthalmidium cf.
macfadyeni, Trocholina sp., then Lingulina, Dentalina,
Nodosaria and other lagenids (RADOI^I] 1962). This
bed is covered by thin hardground.
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Fig. 2. Stratigraphic column of the Kr{ Gradac section (Abbreviations: mf l = mass flow layer; HG = hardground).



Unit B

The unit B is represented by a 1.2 m thick, con-
densed red limestones sequence made up of:

– 0.4 m reddish wackestone with scarce biota;
– 0.3–0.4 m reddish wackestone with rare fossils;
– 0.35 m, wackestone with rare ammonites and bra-

chiopod embryos, mollusk fragments and minute
echinoderm grains (Pl. 1, Fig. 1). This bed in the
upper part passes into dark red, ferruginous perva-
ded wackestone with filaments debris (Pl. 1, Fig.
2), followed by thin hardgound;

– 0.01–0.02 m dark red, ferruginous pervaded wacke-
stone with a few ammonite embryos and rare fila-
ments;

– 0.02–0.06 m pink limestones in which is clearly vis-
ible a minor discontinuity between (a) slightly
deformed and altered wackestone with a rough sur-
face containing irregularly dispersed Bositra frag-
ments (Pl. 1, Figs. 3a, 4a), and overlying (b) pack-
stone with mm laminae of more or less accumulat-
ed Bositra filaments or fragments, some ammonite
embryos, a few microgastropods, numerous proto-
globigerinids and rare minute Spirillina and Oph-
thalmidium (Pl. 1, Figs. 3b, 4b, and 5–7);

– 0.05–0.1 m, a very ferruginous dark red sediment
with hardground.

The age of the condensed sequence is lower Dogger.
Limestones, 1 m thick, between middle–?upper Toarci-
an and the Bajocian protoglobigerinids event, according
to the stratigraphic position correspond to the Aalenian.
The latest, uppermost part of the condensed sequence,
a very ferruginous dark red sediment with hardground,
which could be ?uppermost Bajocian–lower Bathonian,
because it is overlain by upper Bathonian–Oxfordian
radiolarites (VISHNEVSKAYA et al. 2009).

Unit C

Unit C, 9.5–10 m thick, is composed of red, green
and dark radiolarites and cherts with intercalations of
red radiolarian shales (Fig. 3). According to the avail-
able data based on radiolarian assemblages and UAZs
(VISHNEVSKAYA et al. 2009) the age of this unit is up-
per Bathonian–Oxfordian.

Unit D

Unit D is represented by a 1.2 m thick graded car-
bonate bed (which laterally became thinner), intercalated
in red radiolarite (Fig. 4a, Pl. 2, Figs. 1–6, Pl. 3, Figs.
1–3). The size of the grains vary from 1–10 mm, and
decrease up into 0.02–0.06 mm in fine-grained, well-sort-
ed calcarenite (Fig. 4b). Between the grains is rare
sparite, at place ferruginous. The components of bed are
mostly different shallow water carbonates, less present

are argillites, siliceous argillites, with more or less fre-
quent radiolarians (some filled with chlorite), radiolaritic
micrites, cherts, spongolites, etc., and grains of magmat-
ic rocks, such as meta-andesite. Quartz grains are rare.

The shallow-water carbonate grains are mostly
wackestones. Some of them contain unspecified bio-
gene debris, others algae, foraminifera, or different bio-
clasts. Some grains are sparites-biosparites, or rare
ooides. Recrystallized grains also occur. Numerous of
these grains are of Upper Jurassic age and contain:
Clypeina jurassica, Salpingoporella sp.;  Radiomura
cautica (Pl. 6, Figs. 1–9) and foraminifera Protopenero-
plis striata, Parurgonina caelinensis, Labyrinthina mi-
rabilis, Mohlerina basiliensis. A few grains can be
ascribed to the Liassic. Grains of shallow water upper
Triassic limestones are also present (Pl. 3, Fig. 3; Pl.
6, Fig. 10).

The uppermost part of the graded bed is calcarenite
with sponge spicules (Pl. 3, Fig. 4).

The unit is not older than lower Tithonian, probably
?middle–upper Tithonian.

Unit E

The total thickness of unit E is 3.8 m. It commences
with argillitic limestones, with laminae bearing sponge
spicules and spongolite (Pl. 3, Figs. 5, 6), continues into
parallel laminated red radiolaritic argillites and shales,
shales with radiolarians, cherts, radiolaritic cherts (in
some, laminae radiolarians are deformed, flattened, or
calcified; Pl. 4, Figs. 1, 2). This part of unit E, below
the flow mass layer is 1.1 m thick.

Upward the 0.07–0.2 m thick, loosely packed ferrug-
inous mass flow layer occurs (Fig. 5; Pl. 4, Figs. 3–6,
Pl. 5. Figs. 1–3), made predominantly of grains of dif-
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Fig. 3. Siliciclastics of the western part of the Kr{ Gradac
section. The arrows show the position of the graded bed
(unit D).



ferent radiolarites, argillites, radiolaritic argillites, un-
consolidated and an unequally destroyed sediment with
large radiolarians. They are partly washed, or washed
and dispersed in ferruginous matter mixed with micro-
crystalline quartz. Grains of rare sandstone fragments
are also present. The components of the flow mass
layer are of intrabasinal origin, which indicates that the
event resulted in intrabasinal destruction of a part of
deep water sediments.

The studied stratigraphic column ends with 1.5 m
thick argillitic and ferruginous cherts, radiolaritic cherts
and radiolarites. Very interesting are radiolarians filled
with chlorite or a bed disturbed in a semi-consolidated
condition with rare grains of radiolaritic cherts, sand-

stones, carbonized radiolarites and radiolaritic cherts
(Pl. 5, Figs. 4–6).

According to its stratigraphic position, unit E is not old-
er than ?middle–upper Tithonian into the lowermost Creta-
ceous. The mass flow layer, presumed the consequence of
intrabasinal activity, can be estimated as Berriasian.

The uppermost part of the radiolaritic sequence of
unit E is followed by tectonite (mélange) in which
cm–dm blocks of meta-andesite (sample MS 2079) are
present.

Discussion

The lower part of the red condensed limestone se-
quence (unit B), between the middle (?partly upper)
Toarcian and Bajocian protoglobigerinid layer, corre-
spond to the ?latest Toarcian–Aalenian time interval.
There is no discussion about to which part of the Ba-
jocian the protoglobigerinid event could be ascribed.
The top of the condensed sequence, i.e., dark red sedi-
ments with hardground, partly ?Bathonian, is overlain
by a red argillite-radiolarite succession. In this lower
part of the sequence, the radiolarian assemblage of up-
per Bathonian to lower Callovian (co-existence of Pte-
rotrabs marculus and C. carpathica ) and the middle
Callovian to Oxfordian (UAZz 8–9 with Archaeodictyo-
mitra minoensis, E. unumaense sl. and Z. ovum) are
documented (VISHNEVSKAYA et al., 2009).

The components of the graded bed (unit D), accord-
ing to data from this paper, are of extrabasinal and intra-
basinal origin. The extrabasinal grains (upper Triassic–
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Fig. 4. A, Detailed view of the
different units (C, D, E) from the
Kr{ Gradac section; B, Polished
sample from the basal part of the
graded bed (horizontal section).

Fig. 5. Mass flow layer of unit E.



–lower Tithonian) indicate deposition in carbonate plat-
form/ramp environments (presently, not known in situ in
large adjacent Dinaridic area). Subordinate are grains of
intrabasinal origin, such as siliceous argillites, with or
without radiolarians, radiolarites (some of them are ?Tri-
assic), radiolarian micrites, cherts and magmatic rocks.

The mass flow layer, which occurs in unit E, con-
tains different fragments of deep basinal sediments, in-
cluding those of unconsolidated radiolarite. This indi-
cates a ?latest Tithonian–Berriasian event which caused
the destruction of a part of the deep basin sequence.
The mass flow event is considered as Berriasian.

In the radiolarites from the lowermost parts of the
unit E according to the former investigations (VISHNEV-
SKAYA et al. 2009) the youngest radiolarians of middle
Oxfordian to early Tithonian age (UAZs 9-11 with the
species A. minoensis, Z. ovum and T. brevicostatum)
are documented.

The Kr{ Gradac section represents a typical transition-
al succession from a carbonate platform into a basin: the
uppermost Triassic platform of Dachstein type is fol-
lowed by Lower Liassic shallow-water carbonates. Fur-
thermore, from the middle Liassic to Bajocian, an Am-
monitico Rosso facies of a drowned platform and Bajo-
cian Bositra-protoglobigerinid limestones were sediment-
ed, which ends in a dark red sediment and hardground.
Intensive basin deepening is characterized by sedimenta-
tion of deep basinal radiolarites through the late Batho-
nian into the earliest Cretaceous. The slow basin sedi-
mentation was interrupted during the ?middle–upper
Tithonian (carbonate graded bed), as a consequence of a
tectonic event, i.e., the fracture of the carbonate platform
and also the adjacent area of the basin. This important
tectonic event can not be older than ?latest Kimme-
ridgian–early Tithonian; consequently, unit E can not be
older than the ?middle–upper Tithonian.

Siliciclastics over limestones in the upper part of Kr{
Gradac succession was considered mostly to be a part
of the Diabase-Chert Formation, i.e., volcanogeno-sed-
imentary series or an ophiolitic complex of different
ages: Jurassic (]IRI] 1954), middle–upper Jurassic (JO-
VANOVI] 1963; ]IRI] 1984, 1996) and Tithonian (JOVA-
NOVI] O. et al. 1979; GRUBI] 1980), etc.

According TO RAMPNOUX (1974), the breccia interca-
lations inside the siliciclastics (= in this text graded bed,
unit D and mass flow layer in unit E) contain Lias-
sic–Portlandian biota. Therefore, RAMPNOUX (op. cit., p.
46) concluded that an important stratigraphic gap exist-
ed between the middle Toarcian with hardground and
the volcanogeno-sedimentary formation, which was dat-
ed “au moins du Malm supérieur”. Consequently, the
siliciclastics below the breccia intercalations, has also
been ascribed to the upper Malm. Between the under-
lying limestones and the Diabase-Chert Formation, ]I-
RI] (1984, 1996) observed certain discordances, which
indicate some tectogenetic movements on the boundary
between the Liassic–Dogger, i.e., to the influence of the
late Kimmerian phase in the Dinarides.

RADOVANOVI] et al. (2004) assigned the siliciclastics
to one unformal Zlatar Formation of upper Triassic– Ti-
thonian age. GAWLICK et al. (2009) treated them as a
Middle to Upper Jurassic/?Lower Cretaceous part of the
Upper Triassic–?Lower Cretaceous tectonic slice below
the radiolaritic-ophiolitic mélange. Besides, the whole
complex succession of Kr{ Gradac is interpreted as “a
tectonic window or as a tectonically incorporated sliv-
er scraped off the footwall due to younger tectonic
shortening” (op. cit., p. 299).

The authors of this paper, also did not include the
mentioned siliciclastites into tectonite (mélange) and in-
side of them recognized two deep-water argillite-radio-
laritic formations: an older, upper Bathonian–lower Ti-
thonian (below the graded bed) and a younger, ?middle–
–upper Tithonian – lowermost Cretaceous, which com-
menced with the graded bed.

Suplementary note (R. RADOI^I])

The distribution of the Liassic sediments of the proximal
basinal facies (limestones with Involutina farinacciae) in the
eastern Zlatibor Mt. (Dre`nik) and Sjenica area (Vrelo) is a
fact that should be mentioned.
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Rezime

Stratigrafija sedimenata lokaliteta
Kr{a Gradca (JZ Srbija)

Lokalitet Kr{ Gradac je dobro poznat u geo-

lo{koj literaturi jugozapadnog dela Srbije. Kao

jedan od najboqe otkrivenih i interesantnih pro-

fila starijeg mezozoika Dinarida Srbije, bio je

tema istra`ivawa geologa i ranije, naro~ito sa

aspekta odre|ivawa starosti tradicionalno poz-

nate dijabaz-ro`na~ke formacije sa prostora

Balkanskog poluostrva. Nalazi se na zapadnoj

strani puta Sjenica–Nova Varo{ i na jugozapad-

nim padinama brda Gradac. Geolo{ki stub je sasta-

vqen od karbonatnih i siliciklasti~nih delova

koji su u tektonskom kontaktu sa melan`om.

Najstariji sedimenti su masivni gorwotrijaski

kre~waci dah{tajnskog tipa i dowolijaski plit-

kovodni karbonati, posle kojih slede sedimenti

sredwolijaske–dowodogerske Ammonitico Rosso i Bo-
sitra-protoglobigerinidske facije koji se zavr{a-

vaju hardground-om. Sukcesija se produ`ava sredwo-

jursko–dowokrednim radiolaritima u ~iji je sred-

wi deo umetnut gradirani, a u vi{i mass flow sloj.

U radu su u okviru stratigrafskog stuba lokali-

teta Kr{ Gradac prou~avani samo sredwolijasko–
–najni`i delovi dowokrednih sedimenata i oni su

razdvojeni u pet jedinica.

Jedinica A je debela 12,3 m i ~ine je sredwo i

gorwolijaski kre~waci facije tipa Ammonitico
Rosso. Jedinicu B gradi 1,2 m debela sekvenca cr-

venih kre~waka dowodogerske starosti sa tri hard-
ground-a. Crveni, zeleni, tamnosivi do skoro crni

radiolariti i ro`naci sa umetnutim crvenim

radiolaritskim {kriqcima sa~iwavaju jedinicu

C debelu 9,5–10 m; wena starost je gorwi bat–oks-

ford. Jedinica D je predstavqena sa 1,2 m debelim

gradiranim karbonatnim slojem koji je ulo`en u

crvene radiolarite i sa staro{}u koja nije stari-

ja od doweg titona, a verovatno je ?dowi–gorwi

titon. Ukupna debqina siliciklastita jedinice E
je 3,8 m, a u wenim sredwim delovima nalazi se

0,07–0,2 m debeo mass flow sloj. Saglasno strati-

grafskom polo`aju jedinica E nije starija od

?sredweg–gorweg titona do u najni`u kredu, a mass
flow sloj, uzimaju}i u obzir posledice aktivnosti

unutar basena, mo`e biti prihva}en kao berijaski.

Iznad najvi{eg dela radiolaritske sekvence jedi-

nice E sledi tektonit (melan`) sa cm–dm blokovi-

ma metaandezita.

Dowi deo crvene kondenzovane kre~wa~ke sek-

vence (jedinica B), izme|u sredweg (?delimi~no

gorweg) toarskog i bajeskog protoglobigerinid-
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skog sloja odgovara vremenskom intervalu ?najkas-

niji toars–alen. U ovom momentu ne postoje argu-

menti kojem delu bajesa bi se mogao pripisati pro-

toglobigerinidski doga|aj. Vrh kondenzovane

sekvence, tj. tamno crveni sedimenti sa hardground-

om, delimi~no ?batske starosti je prepokriven

crvenom argilitsko-radiolaritskom sukcesijom. 

U dowem delu jedinice C dokumentovane su ra-

diolarijske asocijacije gorweg bata do doweg ke-

loveja (zajedni~ko pojavqivawe Pterotrabs marculus
i C. carpathica) kao i sredweg keloveja do oksfor-

da (UAZz 8–9 sa Archaeodictyomitra minoensis, E.
unumaense s.l. i Z. ovum) (VISHNEVSKAYA et al. 2009).

Komponente gradiranog sloja (jedinica D), na

osnovu podataka iz ovog rada, su ekstrabasenskog i

intrabasenskog porekla. Ekstrabasenska zrna

(gorwi trijas–dowi titon) ukazuju na deponovawe u

ambijentima karbonatne platforme/rampe (danas

nepoznate na mestu u okviru obli`wih prostranih

Dinaridskih regiona). Zrna intrabasenskog

porekla su silicijski argiliti, sa ili bez radio-

larija, radiolariti (neki od wih su ?trijaski),

radiolarijski mikriti, ro`naci i metaandeziti.

Mass flow sloj, iz vi{eg dela jedinice E, sadr`i

razli~ite fragmente dubokih basenskih sedimena-

ta, ukqu~uju}i i one od nekonsolidovanih radio-

larita. Tako|e, on ukazuje i na ?najkasniji titon-

sko–berijaski doga|aj koji je prouzrokovao razara-

we dela sekvence dubokog basena. Mass flow sloj je

razmatran kao berijaski.

Iz radiolarita najni`ih delova jedinice E dosa-

da{wim istra`ivawima (VISHNEVSKAYA et al. 2009)
dokumentovane su najmla|e radiolarije sredwooks-

fordske do dowotitonske starosti (UAZs 9-11 sa

vrstama A. minoensis, Z. ovum i T. brevicostatum).
Sedimenti lokaliteta Kr{a Gradca predstav-

qaju tipi~nu prelaznu sukcesiju od karbonatne

platforme u basen: sedimente najvi{ih delova

trijaske platforme dah{tajnskog tipa slede do-

wolijaski plitkovodni karbonati. Kasnije, od sred-

weg lijasa do bajesa, deponovali su se Ammonitico
Rosso facija potopqene platforme i bajeski Bosit-
ra-protoglobigerinidski kre~waci, koji se zavr-

{avaju sa tamno crvenim sedimentom i hardground-
om. Intenzivno basensko potawawe je okarakteri-

sano sedimentacijom dubokih basenskih radiola-

rita kroz kasni bat do u najraniju kredu. Lagana

basenska sedimentacija bila je prekinuta u vreme

?sredwi–gorwi titon (karbonatni gradirani sloj),

kao posledica tektonskog doga|aja, tj. razlamawa

karbonatne platforme, a tako|e i okolnih oblas-

ti basena. Ovaj zna~ajan tektonski doga|aj ne mo`e

biti stariji od ?najkasnijeg kimeriya–ranog tito-

na, tako da saglasno tome, jedinica E ne mo`e biti

starija od ?sredweg–gorweg titona.

Siliciklastiti koji se nalaze iznad kre~waka u

gorwem delu sukcesije Kr{a Gradca uglavnom su

smatrani kao deo dijabaz-ro`na~ke formacije, tj.

vulkanogeno-sedimentne serije ili ofiolitskog

kompleksa razli~ite starosti: jurske (]IRI] 1954),
sredwo–gorwojurske (JOVANOVI] 1963; ]IRI] 1984,
1996), titonske (JOVANOVI] O. et al. 1979; GRUBI]

1980) itd.
RAMPNOUX (1974) navodi da umetnuta bre~a unutar

siliciklastita (u ovom tekstu to je gradirani sloj,

jedinica D) sadr`i mikrofosile lijasko–port-

landske starosti. Na osnovu toga RAMPNOUX (pret-

hodni citat, str. 46), zakqu~uje da postoji zna~ajna

stratigrafska praznina izme|u sredweg toarsa sa

hardground-om i vulkanogeno-sedimentne formacije

koja je datirana “au moins du Malm supérieur”. Sa-

glasno navedenom, siliciklastiti ispod umetnute

bre~e, mogu tako|e biti pripisani gorwem malmu.

Izme|u podinskih kre~waka i dijabaz-ro`na~ke

formacije ]IRI] (1984, 1996) zapa`a blagu diskor-

danciju koja ukazuje na odre|ene tektogenetske

pokrete na granici izme|u lijasa i dogera, tj. na

uticaj kasno kimerijske faze u Dinaridima.

RADOVANOVI] et al. (2004) uvr{}uju silicik-

lastite u neformalnu formaciju Zlatara gorwo-

trijasko–titonske starosti. GAWLICK et al. (2009)
smatraju ih sredwo do gorwojurskim–?dowokred-

nim delom gorwotrijasko–?dowokredne tektonske

slice ispod radiolaritsko-ofiolitskog melan`a.

Pored toga, cela kompleksna sukcesija Kr{a

Gradca je interpretirana “as a tectonic window or
as a tectonically incorporated sliver scraped off the
footwall due to younger tectonic shortening” (prethod-

ni citat, str. 299).

Autori ovog rada, pomenute siliciklastite

tako|e ne ukqu~uju u tektonit (melan`), i u okviru

wih razlikuju dve dubokovodne argilitsko-radio-

laritske formacije: stariju, gorwobatsko–dowo-

titonsku (ispod gradiranog sloja) i mla|u, ?sred-

wo–gorwotitonsku – najni`u dowokrednu, koja po-

~iwe sa gradiranim slojem.

RAJKA RADOI^I], DIVNA JOVANOVI] & MILAN SUDAR30

PLATE 1

Figs. 1–7. Unit B, condensed sequence.
1–2. Sparse biomicrite with rare ammonite embryos and mollusk fragments: on Fig. 2 ferruginous matter pervades

the upper part of the same bed, thin sections RR 5147, RR 5149, Aalenian–?Bajocian.
3–7. Thin sections RR 5150 and RR 5150/1 (sample 09150).

3–4. a) slightly disturbed and altered wackestone with Bositra fragments forms a clear boundary (arrows)
with b) packstone, with mm laminae of more or less accumulated Bositra filaments and numerous pro-
toglobigerinids (see also Figs. 5–7), Bajocian.
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PLATE 2

Figs. 1–2. Contact between units C and D; argillites with rare radiolarians and the basal part of the graded bed: authige-
nous quartz around or inside some micrite grains and crinoid fragment in Fig. 2, thin sections RR 5151/2, RR
5151/3.

Figs. 3–6. Unit D, different components of the graded bed: grains of spongolite (S), argillite (A) and limestones with radi-
olarians (R); in Fig. 6, Salpingoporella sp., thin sections RR 5151/2, RR 5153, RR 5153/1 and MS 2059.
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PLATE 3

Figs. 1–4. Unit D, graded bed.
1–2. Clypeina jurassica and radiolaritic grains, thin sections MS 2057, MS 2053.

3. Grain of the Upper Triassic limestones with foraminifer aff. Galeanella; thin sections MS 2058.
4. Calcarenite with sponge spicules, uppermost part of the graded bed, thin section RR 5155.

Figs. 5–6. Unit E.
5. Argillite with spicules accumulated in parallel laminae; thin section MS 2060.
6. Spongolite, thin section RR 5156.
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PLATE 4

Figs. 1–6. Unit E.
1–2. Siliceous argillites with abundant radiolarians, thin sections MS 2062 and MS 2063.
3–6. Different components in the ferruginous matrix of mass flow layer.

3–4. Grains of unconsolidated dissolved radiolarite with partly washed radiolarians (in Fig. 3, some radiola-
rians are deformed), thin sections MS 2065, MS 2067.
5. Grains of reddish limestones with radiolarians, thin section MS 2067.
6. Grains of calcareous sandstone; thin section MS 2067.
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PLATE 5

Figs. 1–6. Unit E.
1–3. Different components in ferruginous matrix of mass flow layer.

1. Detailed view of Fig. 2 showing dissolved unconsolidated radiolarite with washed and partly washed radio-
larians dispersed in the ferruginous matrix, thin section MS 2066.

3. Radiolarite with siliceous clasts, thin section MS 2069.
4. Chert, thin section MS 2070.

5–6. The mixing of different grains under semi-consolidated condition.
5. Argillite with minute radiolarians (filled with chlorite), thin section MS 2071.
6. Grain of radiolarite, thin section MS 2072.
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PLATE 6

Figs. 1–10. Algae and foraminifera from the graded bed.
1. Dasycladalean fragment, thin section RR 5151/3.
2. Radiomura cautica SENOWBARY-DARYAN & SCHAEFER, thin section MS 2054.
3. Clypeina jurassica FAVRE, fragment (authigenous quartz in the laterals), thin section RR 5151/3.
4. Salpingoporella sp., thin section RR 5151/1.

5–6. Protopeneroplis striata WEYNSCHENK, thin sections MS 2058, MS 2053.
7. Labyrinthina mirabilis WEYNSCHENK, thin section RR 5151/2.

8–9. Parurgonina caelinensis CUVILLIER, FOURY & PIGNATTI-MORAANO, thin sections RR 5154, RR 5151/3;
10.  Foraminifer of a Triassic age aff. Galeanella, thin section MS 2058.

Figs. 11–12. Unit A. different sections of the brachiopod Koninckella sp. (determination by V. RADULOVI]), thin section RR 5146.
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