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Stratigraphy of the KrS$ Gradac section (SW Serbia)

RAJKA RaDOICIC', DIvNA JOvANOVIE® & MILAN SUDAR’

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, efc. 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.

Anmncrpakr. Ha nmokamnretry Kprmn I'pajan; oTkpuBeHa je cykiecuja Koja obyxBarta mpesa3 of ¢amuja kap6o-
HaTHe IaTgopme 0 NYOOKOBOJHNX OACEHCKUX CeIMMEHAaTa: HOPMUKO—IO0IMjACKUX TNIMTKOBOTHUX KapOOoHa-
Ta, ceiIMeHaTa Cpefiler Jmjaca—Iomer gorepa Ammonitico Rosso ¢anuje u IyGOKOBOJHHX papuonapuTa (ca
YMETHYTHM KapOOHATHHUM IpajjipaHuM cliojeM u mass flow ciojeM) Koju cy IemOHOBaHU OfI TOpH-er 6aTa 10 y
HajcTapujy JOBbY Kpepy.

KonpieH3oBaHa cekBeHIa JOBET forepa ca IpOTOrNIOOUrepuHuAaMa 1o caja Huje Ouila eBUICHTUpaHa.

AHanM30M KOMIIOHEHTH I'PaJUPaHOr cll0ja JOKYMEHTOBAHO j€ IPUCYCTBO IIIUTKOBOJHUX CEAUMEHaTa Kap6o-
HaTHe I1aTdopMe Off TOpHmEr TpHjaca A0 AOHET TUTOHA, KA0 M cefjIMeHaTa HHTpabaceHCKOT opeKia (paguo-
JapuTt, MeTaauge3uTr). OBakaB cacTaB IpaJJUpPAHOT CJI0ja YKa3yje Ha TEKTOHCKHM Torabaj Koju je mpoy3pokoBao
pa3apame KapOoHaTHe IutaTgopme, Kao u flefla 6aceHCKOT apealna, a KOju HHje CTaphju Off TOPHEr TUTOHA. Y
HajMmiabeM pmeny pagmonapura Kpmra I'papna (?cpeqmr—Tropmby TUTOH — HajHAKA Kpefja) eBUJICHTUPAH je mass
flow cioj Koju cajpku nHTpaGaceHCKe KilacTe — pa3InuuTe pagrosiapuTe, CIINLHjCKe PagoIapjcKe IIINHIE
(HIIp. M3 HEKOHCONUJOBAHNX OTHIY UCIIPaHe pafiiojiapHhje W CIUKYJIe CIIOHTHja, pacyTe y OCHOBHOM IBOXKbeBH-
TOM ceMeHTY). OBaj ci10j ce mpurnmcyje 6epujacy.

Y cykuecuju paguonapura Kpma I'pagna ayropu npemnosHajy fBe AyOOKOBOAHE hopmaluje: cTaphjy, of
ropmer 0arta 70 JOWmer TUTOHA, n3Mehy XapirpoyHia Ipeko KOHIEeH30BaHe JOBbOJOrepCKe CEKBEHIIE U Tpajupa-
HOT cJ10ja, ¥ Milaby, Koja ouuthe TpagupaHuM CIIOjeM, a Ha OCHOBY CTpaTurpadckor Imonoxaja oaropapa Bpe-
MEHCKOM HHTEpBay ?CpeAmbU—TOPHU TUTOH — HajHUXKA JOmka Kpefa.

Kmbyune peun: crpaturpacduja, jypa—1oma Kpefja, KapOOHATH, CHINIUKIACTHTH, KOH/[€30BaHa KpeUumhadKa
CEKBEHIIa, IpafrpaHu KapOoHaTHHU ci1oj, mass flow cnoj, Kpu I'pagan, J3 Cp6uja.
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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 PETKOVIC
(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;
CRIC 1954, 1984, 1996; RADOICIC-BRSTINA 1956; RaA-
DOICIC 1962; JovANOVIC Z. 1963; RaMpNoUX 1974; Jo-
VANOVIC O. et al. 1979; Grusic 1980; LiuBovIC-
OBRADOVIC 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 (LIUBOVIC-OBRADOVIC et al. 1998;
RADOVANOVIC 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 (DJERIC
2002; VISHNEVSKAYA et al. 2009; GAWLICK et al. 2009;
unpublished data of S. GORICAN, L. DOSZTALY). 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. RADOICIC,
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, RADOVANOVIC 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).

Krs§ Gradac section

The KrS§ Gradac section (Fig. 1; coordinates: X
4793454, y 7416424), is located on the western side of
the road Sjenica—Nova Varos, 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.

Brodarevo Q

Fig. 1. Geographic position of the Kr§ Gradac section.

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. 2. Stratigraphic column of the Kr§ Gradac section (Abbreviations: mf 1 = mass flow layer; HG = hardground).

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 (CIRIC 1954;
RampNoOUX 1974), and a rich foraminiferal fauna — In-
volutina liassica, Agerina martana, Ophthalmidium cf.
macfadyeni, Trocholina sp., then Lingulina, Dentalina,
Nodosaria and other lagenids (RADOICIC 1962). This
bed is covered by thin hardground.
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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, efc., and grains of magmat-
ic rocks, such as meta-andesite. Quartz grains are rare.

Fig. 3. Siliciclastics of the western part of the Kr§ Gradac
section. The arrows show the position of the graded bed
(unit D).

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,
PIL. 5. Figs. 1-3), made predominantly of grains of dif-
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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.

Fig. 5. Mass flow layer of unit E.

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-

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).

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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—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 (CIRIC 1954), middle-upper Jurassic (Jo-
VANOVIC 1963; CIRIC 1984, 1996) and Tithonian (Jova-
NovIC O. et al. 1979; GRUBIC 1980), etc.

According To RamMpNOUX (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, CI-
RIC (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.

RADOVANOVIC 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. RADOICIC)

The distribution of the Liassic sediments of the proximal
basinal facies (limestones with Involutina farinacciae) in the
eastern Zlatibor Mt. (Dreznik) and Sjenica area (Vrelo) is a
fact that should be mentioned.
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Pe3ume

Crparurpadmja cequmenara JJoKajIuTeTa
Kpma I'pagua (J3 Cpouja)

Jlokanuter Kpm I'papan je ;o6po mo3HaAT y reo-
JIOIIKOj auTepaTypu jyrozamagHor aena Cpouje. Kao
jenan off HajoOJbe OTKPUBEHUX M MHTEPECAHTHUX IPO-
¢una crapujer me3zo3ouka [Qunapuma Cpbuje, 6mo je
TeMa HMCTpakuBarbha Ieojiora M paHuje, HApO4yuToO ca
acnekTa ofipebuBama CTapoCTH TPafULUOHAIHO IO3-
HaTe pAujaba3-poxkHadyke Qopmaluje ca TpocTopa
Bankanckor nomyoctpBa. Hama3m ce Ha 3amajHOj
crpann nyta Cjenuna—HoBa Bapom u Ha jyrosamap-
HuM nagmaama 6ppaa ['pagamn. 'eosomku cTy6 je cacra-
BJbEH OJf KApOOHATHUX U CUJIMIMKIACTUYHUX JI€JI0Ba
KOjH Cy Y TEKTOHCKOM KOHTAKTy Ca MEJaHXOM.

Hajcrapuju cequMeHTH Cy MacuBHU TOPHOTPHUjaCKH
Kpeumhalld JaxIITajHCKOr TUMA U JOHOJIUjacKU IUIUT-
KOBOJHU KapOOHaTH, HOCIE KOjUX CJelle CEeUMEHTH
CpefmoNjacke-omoforepcke Ammonitico Rosso u Bo-
sitra-poTOTIIOONTepuHUCKE (hamuje KOju ce 3aBpilia-
Bajy hardground-om. Cykuecuja ce mpoayaBa CpefiH0-
JYPCKO-IOBOKPEHIM pafiuoIapuTIMa Y YUjU je Cpen-
U JIE0 YMETHYT Ipagupani, a y Buiy mass flow cioj.

Y pany cy y okBupy cTpaTurpagckor cryba JoKaiu-
teta Kpur I'pagan npoydaBaHu caMo cpefiibOiIijacko—
—HajHUKU I€JIOBU IOKOKPEHUX CeJUMeHaTa U OHH Cy
pa3/BOjeHN y NET jeIUHUIIA.

Jenuauma A je me6erna 12,3 m u 4mHE je CpPeibO H
TOpPHONNjacku Kpeumanu panmje Tuma Ammonitico
Rosso. Jepuanity B rpagm 1,2 m mebena cekBeHIa 1p-
BEHUX KpeumhaKa I0’kOofiorepcke crapoctu ca Tpu hard-
ground-a. LlpBeHu, 3eJeHI, TAMHOCUBU 10 CKOPO L[PHU
PagMoNIapUTH U POXKHAIM Ca YMETHYTHUM L[PBEHUM
PafMOJIApUTCKUM IIKPWbLIUMA CaYUbaBajy jeJUHUILY
C mebeny 9,5-10 m; meHa CTapoCT je TOpwmu 6aT—OKC-
¢opn. Jenuanna D je mpencraBibeHa ca 1,2 m gedennm
rpaiupaHnM KapOOHATHWM CJIOjeM KOjH je YIIOXKEH Y
L[PBEHE pajiloJiapuTe U ca cTapolrhy Koja HUje cTapu-
ja O JMOWmEer TUTOHA, a BEPOBATHO j€ ?OBA-TOPHH
TUTOH. YKyIHa ie6JpbHA CIUIMIAKIIACTATA jequHnIe B
je 3,8 m, a y \eHIM CpefmhuM [IeIOBUMa Hajla3u ce
0,07-0,2 m gebeo mass flow cnoj. CarmacHo crpaTu-
rpadckoM TONOXKajy jemmamna E Huje crapuja of
?cpenmer—-ropwer TATOHA [0 ¥ HajHIXKY Kpeqy, a mass
flow cnoj, y3umajyhm y 063up nocieguiie aKTUBHOCTH
yHyTap 6aceHa, Moxe Outn npuxBahen kao 6epujacku.
W3uapn HajBuIler fesa paguojapUTCKe CEKBEHIE jefu-
mune E cnegn TekTonuT (Menanx) ca cm—dm 6510KOBH-
Ma MeTaaHJe3UTa.

Jomu eo LpBeHe KOHAEH30BaHe KpeymhayKe CeK-
Benne (jemuuuma B), mameby cpenmer (?menuMAIHO
TOpHEr) TOApCKOT W 6ajecKor MpOTOIrIOOUTePUHU-
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CKOT cJI0ja OfiroBapa BpeMEHCKOM MHTepBaly ?Hajkac-
HUjU Toapc—ajieH. Y OBOM MOMEHTY He IOCTOje apry-
MEHTH KOjeM fiey 6ajeca 6u ce MOrao IpUIHACATH MPO-
TornoOurepuHuAcKu pAorabaj. Bpx konpgeH3oBaHe
CEeKBEHIIe, Tj. TaMHO L[pBEHH ceiuMeHTH ca hardground-
OM, JIENMAMHUYHO ?0aTCKE CTApPOCTH je MPENOKPUBEH
L[PBEHOM apTUIIUTCKO-PAANOIapPUTCKOM CYKIIECHjOM.

Y nomweM peny jequnune C TOKyYMEHTOBaHE Cy pa-
IAMOJIApWjCKEe acolmjalrje TOpHmEr 6aTa 0 MOmer Ke-
noBeja (3ajeIHNYKO NojaBbuBamwe Pterotrabs marculus
u C. carpathica) XKao U CpellbeT KeJoBeja o okcop-
ma (UAZz 8-9 ca Archaeodictyomitra minoensis, E.
unumaense s.1. u Z. ovum) (VISHNEVSKAYA et al. 2009).

KowmmonenTte rpagupasor cioja (jenmamnma D), Ha
OCHOBY IIOflaTaKa U3 OBOT pajia, Cy eKCTpabaceHCKOor U
uHTpabaceHckor mnopekna. ExcrpabaceHcka 3pHa
(Topmu Tpujac-TOKY TUTOH) YKAa3Yjy Ha HETIOHOBAKkE Y
aMOujeHTMMa KapOoHaTHe MmiaTdgopMme/pamne (maHac
HEIO3HATe Ha MECTYy y OKBUPY OOIIKEUX IPOCTPAHUX
JwHapuackux permoHa). 3pHa HMHTpabaCEHCKOT
MOpPEeKJIa Cy CUIMLHUjCKU aprUjuTH, ca unu 6e3 paguo-
napuja, paguonaputu (HEKW Of BHX Cy ?TpHjacKu),
pafrosapyjcKi MUKPUTH, POXKHAIM U METAaHAE3UTH.

Mass flow cioj, n3 Buter fena jequanie E, campskn
pasnuuute pparMeHTe fyOOKuX OaCeHCKUX CeMeHa-
Ta, YKIbY4dyjyhu U OHEe O HEKOHCOJIUIOBAaHUX Pajiuo-
nmapura. Takobe, oH yka3yje n Ha 7HajKacCHUjU TUTOH-
cKo—Oepwujacku gorabaj Koju je mpoy3poKoBao pa3apa-
Be Jlefla ceKBeHIle Ayookor 6aceHa. Mass flow cioj je
pa3MaTpaH Kao Gepujacku.

W3 papuonapura HajHUKUX ienoBa jequaune E moca-
JallkAM HcTpaxkuBambuMa (VISHNEVSKAYA et al. 2009)
NOKYMEHTOBaHe cy HajMjabe paguosapuje cpefmbOooKc-
¢dopacke go powotutoHcke crapoctu (UAZs 9-11 ca
Bpctama A. minoensis, Z. ovum u T. brevicostatum).

Cenumentu nokanuteta Kpma I'pagua mpepcras-
Jbajy TUIMYHY Ipejia3sHy CyKIlechjy of KapOoHaTHe
mnatgopme y OaceH: CeMMEHTE HAJBUINHX JIeJI0Ba
Tpujacke TuiaT¢opMe MAXIITAjHCKOT THUMa Cliefe JIo-
BOJIMjacKy ITINTKOBOAHM KapOoHaTu. KacHuje, off cpef-
Ber Jmjaca 0 Oajeca, IEMOHOBANU Cy ce Ammonitico
Rosso danmja noTombene miatgopme n 6ajecku Bosit-
ra-MpOTOTIO0MIepUHIACKU Kpeualy, KOjU ce 3aBp-
I1aBajy ca TaMHO I[PBEHUM cefmMeHTOM n hardground-
oM. MIHTeH3MBHO 0aceHCKO NOTalbambe je OKapaKTepu-
CaHO CefiUMEHTalMjoM AyOOKHMX OaCeHCKHUX pajguoiia-
puTa Kpo3 KacHW 0aT A0 y HajpaHmjy Kpeny. Jlarana
OaceHcka ceJuMeHTalyja Ousa je MpeKuHyTa y Bpeme

7cpebA-TOPHY TUTOH (KapOOHATHU TPaiMpPaHU CJI0j),
Kao IocleAuna TeKTOHCKOr forabaja, Tj. pa3namama
kapOoHaTHe miaTdgopMme, a Takohe m OKOIHUX O6Jac-
T 6aceHa. OBaj 3HaUYajaH TEKTOHCKH jlorabaj He MOXe
O6UTH cTapuju Off 7HajKaCHHUjeT KNMEPHUIIa—paHOT THTO-
Ha, TaKo jja carjacHo ToMe, jeaununa E He Moxe 6utu
cTapyja ofi ?cpefmber—-ropwer TuTOHa.

CununukaacTUTU KOjH ce Hajla3e U3Haj Kpeuwaka y
ropweM fieny cykuecuje Kpima I'pagna yrinaBHOM cy
cMaTpaHM Kao fieo aujada3-poxkHaudke dopmalyje, Tj.
BYJIKAHOT'€HO-CEJUMEHTHE CEpHje WU O(UOIUTCKOT
KOMTILIeKca pasmuunte crapoct: jypeke (CIRIC 1954),
cpemmo-ropmojypeke (JovaNovic 1963; CIric 1984,
1996), tutoncke (JovanNovi¢c O. et al. 1979; GRUBIC
1980) utq.

RaMPNOUX (1974) HaBOAM fa yMETHYTa Opeda yHyTap
CHJIMIMKJIACTATA (Y OBOM TEKCTY TO je TpafupaHi Cloj,
jemmauma D) cajpsku MHKpodoOCHiIe JIHjacKo—TIOpT-
nmaHAcke crapoct. Ha ocHOBY Tora RAmMPNOUX (TIpeT-
XOJTHY IIMTAT, CTP. 46), 3aKJbyUyje la MOCTOjH 3HAYajHA
crpaturpacdcka npasHuHa u3Meby cpepgmer Toapca ca
hardground-oM u ByJIKaHOT'€HO-CEIUMEHTHE (popMalyje
KOja je matupana “au moins du Malm supérieur”. Ca-
[VIACHO HaBEJIEHOM, CHIIMLUKIIACTUTH WCIOJ YMETHYTE
Opeue, MOy Takobe OUTU NPUNKCAHK TOPHEM MalIMYy.
H3meby mopmHCKHX Kpeumaka W aujada3-posKHAYKe
cdopmammje Ciric (1984, 1996) 3amaxka Gi1ary AucKop-
MaHIUjy Koja yKa3dyje Ha ofipebeHe TekToreHeTcke
MOKpeTe Ha TpaHuIy m3Meby nmjaca m gorepa, Tj. Ha
yTHUIIa] KacHO kuMepwujcke ¢asze y [Turapugmma.

RADOVANOVIC et al. (2004) yBpurhyjy CAIHIUK-
mactute y HedopManHy ¢opManmjy 3jaTtapa rOpHO-
TPUjacKO-TUTOHCKE cTapocTu. GAWLICK et al. (2009)
CMaTpajy WX CPEefmO IO TOPHO]yPCKUM—?IOHOKPEN-
HUM [I€JIOM FOPHOTPUjaCKO—?JOHOKPEHE TEKTOHCKE
CIIMILE UCHOJ PagUOIaPUTCKO-O(PHOIUTCKOT MEJIaHKa.
ITopen Tora, mena KoMIUIeKcHa cykuecuja Kpiia
I'papia je maTepripeTpana “as a tectonic window or
as a tectonically incorporated sliver scraped off the
footwall due to younger tectonic shortening” (mpeTxoj-
HU IHTAT, cTp. 299).

AyTopu OBOr' pajia, NOMEHYTE CHIMIMKIIACTUTE
Takobhe He YKIbYUYjy V TEKTOHUT (MENaHX), ! Y OKBUPY
BUX pa3iukyjy ABe AyOOKOBOAHE aprHJIUTCKO-pajguo-
maputcke ¢opMmalmje: CTapujy, roOpH0oO0aTCKO—OH0-
THTOHCKY (MCHOJ TpafipaHor cioja) u Miaby, ?cpen-
HO-TOPHOTUTOHCKY — HAjHIKY JOBOKPEHY, KOja Io-
YUHbE ca TPaiupPaHuM CJI0jeM.

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.

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. RADULOVIC), thin section RR 5146.
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