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Emendation of the Grivska Formation in its type area
(Dinaridic Ophiolite Belt, SW Serbia)
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Abstract. Age, microfacies and depositional realm of the Grivska Formation is controversially discussed
due to the fact that detailed investigations are missing. Based on reinvestigations of the type locality of the
Grivska Formation and in adjacent areas, the following results can be drawn: 1) The Grivska Formation is of
Late Triassic (Early Carnian to Rhaetian) age according to conodont dating. 2) Sedimentological and micro-
facies studies evidenced that the Grivska Formation was deposited on the continental slope and transitional to
the Neo-Tethys Ocean. Based on the results of these investigations in the type area and several reference sec-
tions in the Dinaridic Ophiolite Belt, the Grivska Formation is emended and clearly defined. In the Dinaridic
Ophiolite Belt, the Grivska Formation occurs only as clasts and blocks in the ophiolitic mélange.

Key words: Neo-Tethys continental slope, Late Triassic, stratigraphy, microfacies, ophiolitic mélange.

Amncrpakt. Crapoct, MuKpodanuje u obonact aenosunnje Popmanuje ['puBcka cy pa3nuauTo U 4eCTO KOH-
TPOBEP3HO MPUKA3UBAHE YCIIEA HeJOCTaTKa ACTaJbHUX UCTpakuBama. HakoH HajHOBUjUX mpoy4aBama Dop-
Mmanuje ['puBcka Ha THIICKOM JIOKAINUTETY M Y HETOBOj OJIMXKO] OKOJMMHM KOHCTaToBaHO je cienche: 1) Ha
OCHOBY KOHOJIOHTCKe (payHe yTBpheHo je na je crapoct ®opmanumje ['pruBcka ropmu TpHjac (JI0BU KapH 210
per) u 2) 1a cy mbeHe TBOPEBHHE, IIPeMa CEJIMMEHTONIOIKMM U MUKPO(ALNjaTHUM N3ydaBambiMa, JISTIOHOBaHE
Ha KOHTHMHEHTAJIHO] MaJIMHM Ha rpesasdy ka Heorerrckom okeany. Ha ocHOBY pe3ynaTara OBHX ITOHOBHHX HC-
TpaKuBakba TUIICKE 00JIACTU U HEKOJIMKO pedepeHTHUX mpoduia y uHapuackoM oQUOITUTCKOM I0jacy, Ka-
paxrepuctuke @opmanuje [puBcka cy U3MembEeHe U OHa je HAHOBO Npenn3Ho Aedunncana. KapakrepucTuaHo
je ma ce oBa opmanuja y JluHapuackoM o0(HOIUTCKOM [10jacy MOjaBJbyje caMo y KiacThMa WK U 'y OJI0KO-
BUMa Y O(HOIUTCKOM MEIaHXKYy.

Kibyune peun: HeoreTrcka KOHTHHEHTAHA TTAIMHA, TOPELH TpHUjac, cTpaturpaduja, Mukpodaruje, opuo-

JIUMTCKH MCJIaHX.

Introduction

Grey cherty limestone sequences occur quite com-
mon in the Triassic and Jurassic sedimentary succes-
sions of the Western Tethys realm: similar deposition-
al and diagenetic conditions led to the formation of
grey cherty limestones elsewhere. In the Serbian geo-
logical literature (e.g., PANTIC, 1969, 1971; PANTIC &
MoiJsILOVIC, 1968; PANTIC-PRODANOVIC, 1975), most
Triassic grey cherty limestones were exclusively as-
signed to the Ladinian. First corrections of the esti-
mated Ladinian age range were made by Sudar (in
UROSEVIC & SUDAR, 1980), based on conodont inves-
tigations in the Gucevo Mt. (Jadar Unit, NW Serbia).

The grey cherty limestones from the Gucevo Mt.
yielded Late Carnian and Early Norian conodonts.
Later, conodont faunas with similar age ranges were
found in grey cherty limestones from many other re-
gions in western Serbia (SUDAR, 1981, 1986).

Since the 1980 and 1990s, at the beginning of the
work on the Thematic Geological Map of Serbia
(1:50000) the Grivska Formation was informally intro-
duced by DIMITRUEVIC & DIMITRUEVIC (1987, 1991): the
definition of this formation, based not only on a chrono-
stratigraphic approach anymore included lithostrati-
graphic and facies aspects as well. Sections in the area
of Grivska village (Mali Ostres) and Rid (Zbojstica) in
Zlatibor Mt. were used to define the Grivska Formation.
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Based only on rare palaeontological data from thin sec-
tions DIMITRIEVIC & DIMITRUEVIC (1991, p. 32) con-
cluded: “These beds seem to be synchronous with the
lower part of Wetterstein Formation (Ladinian)”.

First biostratigraphic investigations on several grey
cherty limestone successions in the area of the Dinari-
dic Ophiolite Belt were carried out by M.N. SUDAR (in
ANDELKOVIC & SUDAR, 1990). In the surroundings of
Nova Varos, SUDAR (1986) dated grey cherty lime-
stones, by means of conodonts, as Late Ladinian to
Early Carnian: these grey cherty limestones were for-
merly believed to be of Jurassic age (according to Di-
MITRUEVIC & DIMITRIEVIC, 1975: Fig. 4). Based on
conodont dating, SUDAR (1986, 1996, unpubl. data)
was able to distinguish Ladinian, Carnian and Norian
grey cherty limestones. However, these age data were
only rarely used in the continuing geological mapping
in this part of Serbia.

Considering the lithofacies of the rocks, DIMITRUEVIC
& DIMITRIEVIC (1991) and KovAcs et al. (2010, 2011,
2014) interpreted the Grivska Formation as hemipelag-
ic sedimentary rocks, deposited on the platform slope,
the toe-of-slope and in the basin near to the slope.
Subsequently, based only on macroscopic attributes and
regardless to in most cases unknown age and without
detailed microfacies investigations, the term “Grivska
Formation” has been used for all grey cherty limestone
successions in the Dinaridic Ophiolite Belt (Fig. 1; Di-
MITRIEVIC, 1997; DIMITRUEVIC et al., 2003; RADO-
VANOVIC, 2000%; RADOVANOVIC et al., 2004; CHIARI et
al., 2011), or in the Vardar Zone Western Belt (ToLJIC et
al., 2013).

To summarize, the term “Grivska Formation™ in the
Inner Dinarides has been used until nowadays in a
confusing and misleading way for all Middle Triassic
to Middle (?) Jurassic grey cherty limestone succes-
sions. It must be noted, that in most cases no biostrati-
graphic investigations were carried out.

A recent description/definition of the depositional
environment/facies of the “Grivska Formation” was
given by ToLi¢ et al. (2013) on the base of former
confusing and misleading usage of the Grivska
Formation. ToLJIC et al. (2013, p. 52) described grey
cherty limestones in the vicinity of Lezimir in the
southern part of Fruska Gora Mt. (northern Serbia,
Vardar Zone Western Belt) and attributed them to the
Grivska Formation. These authors gave the following
statement, but without presenting any new data or
aspects to the discussion related to the “Grivska
Formation problem”: “The overlying metamorphosed
nodular limestones and carbonate schists are the
metamorphosed equivalents of the Middle-Upper Tri-
assic (-Lower Jurassic?) siliceous thin-bedded distal
carbonates of the Grivska Formation (Fig. 7b, DiMI-
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Fig. 1. Tectonic units of the central Balkan Peninsula simplified
after KARAMATA (2006), based on KOSSMAT (1924). For details see
GAWLICK et al. (2017).

TRIJEVIC and DIMITRIUEVIC, 1991). This formation,
which displays a wide transition in space and time
from distal carbonate shelf, slope deposition to basal
carbonate turbidites overlain by Lower-Middle Juras-
sic radiolarites, is a typical marker that testifies the
gradual deepening of the Adriatic carbonate plat-
form. The intercalated meta-volcanic and volcano-
clastic material is an equivalent of the Anisian—La-
dinian break-up volcanism that took place during the
opening of the Neotethys/Vardar Ocean (PaAmic,
1984). The upper meta-radiolarites are metamor-
phosed equivalents of the Upper Triassic—-Middle Ju-
rassic distal oceanic pelagic sediments and radiolar-
ites (Fig. 7a) well known in the internal Dinaridic
units (e.g., DJERIC et al., 2007 and references therein).
This typical Middle Triassic—Middle Jurassic facies
can only be assigned to the distal Adriatic continental
margin and its adjacent oceanic domain by correla-
tion with the similar metamorphosed and non-meta-
morphosed facies observed in the Drina-Ivanjica and
Jadar-Kopaonik units of the Dinarides (DIMITRIJEVIC,
1997).”

* RapOVANOVIC, Z., 2000. Explanatory Booklet for the Geological map of the Republic of Serbia (1:50000), Sheet Prijepolje 2. Archives of the

Geological Survey of Serbia, Belgrade (in Serbian).
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Fig. 2. Studied localities and areas in the Dinaridic Ophiolite Belt with Grivska Formation blocks in the ophiolitic mélange. A. Area of
the type locality Mali Ostres. B. Visoka area with the sections of Viso¢ka Cava peak and Gornja Bela Reka. C. The Lim River area.

This statement clearly demonstrates the high need and the detailed analysis of cherty limestone blocks in
for detailed investigations to solve this confusion and  the ophiolitic mélange, allow for the first time a correct

the need for a formal definition of the Grivska For- definition of the still enigmatic Grivska Formation.
mation that is based on a solid data base from the type In Zlatibor Mountain, the ophiolitic mélange (Go-
area. The reinvestigation of the type locality Mali Os- stilje-Ljubis-Visoka-Radosevo mélange: GAWLICK et

tres south of the village Grivska in Zlatibor Mt. (Fig. 2) al., 2016b) contains a mixture of blocks of:

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.



MILAN N. SUDAR &

A) Stratigraphic table, Triassic

HANS-JURGEN GAWLICK

i ; reworked in Jurassic mélanges
East Bosnian- ! ‘
Durmitor Dinaridic | Drina-lvanjica | Sirogojno | Kopaonik Zlatar Ophiolitic
Megaunit : Ophiolite Belt ; Unit i Meélange W;‘é’f;“;‘;;" Mélange Mélange
Jurassic ]
drowning
G | » bedded reddish-
B o grey limestones
© “ =
Z I :
| bedded, lagoonal Dachstein Dachstein Hangend- E
Sevatian Limestone “Lofer facies” o reefal graukalk LE
c Limestone 5 8
1 ~ >
g Alaunian b and Hangend- 3 5 ‘%
S i"’pet rotkalk E 5 Ey
Dachstein Carbonate Platform e carbonates £ g ‘_';
- ~ . s >
Lacian ; . Massiger S
a Kopaonik (S @
Formation "”H‘?["f?l}f ,,,,, é %
carbonate ramp ! st (Ch;'gl ;“"d 15} 2
] ? cherty 2 opita . Roter I
Tuvalien | ! limestones ! Formation "”}ﬁség?izs ) Bankkalk <
(no formation) with reefal detritus &
% ]
Ryl Y 2
% GAP. GAP ’gap 5
@] DZegerusa Fm. radiolarite? i
Jutin - drowning 3
Wetterstein Carbonate Platform Hellkalk -
Cordevol )' Wetterstein Wetterstein Wetterstein Fm. limest s
ordevolian : i N imestoneg-
Formation Zloanica Formation ____ F E’Titlofr,‘ ,,,,,, Trnava Em. Grauvioletter/ | oo e ! &
?Zlodnica ?Zlodnica Graugelber ‘ransition =)
S| e Formation Formation  __ KiswaMb,____! Bankkalk
= 5 - grey and
= 2 A ¢ e red
® | Fassanian radiolarites + ' radiolarite P radiolarites
sandstones  Nova Varo Fm. Nova Varoc§ Grpu pradiolarites .
Bul T basalt breccia
Rid Formation ulog
lllyrian b i grey cherty grey cherty
= asalts Formation i Bulog Formation | [i
_g e — drowning e GAP I limestones dJ limestones
= | Pelsonian 3 Dedovi¢i Member (limestones) o
< Steinalm Carbonate Ramp —- Ravni Formation -------------------1 £
Early Utrine Member (limestones and dolomites) ]
x
. . . @
Early upper carbonatic “Bioturbated” Formation 3
iassi c
Triassic lower siliciclastic Kladnica Formation

B) Middle-Late Triassic passive margin con

w

carbonate platform facies

figuration of the Inner Dinarides

Hallstatt Meliata  Neo-Tethys Ocean
facies facies
belt hemipelagic pelagic

open lagoon open lagoon reef
s+ + ++ + + + o+ 1
+ 4+ + * + + 4 +
+ o+
later East Bosnian later Dinaridic later Drina-
Durmitor Megaunit Ophiolite Belt Ivanjica unit

Fig. 3. A. Stratigraphic table for the Triassic of the Inner Dinarides.
Tethys oceanic realm after GAWLICK et al. (2016a, b); continental

limestones

LateR

Middle R radiolarites

- oceanic crust
continental crust

Early Triassic to early Middle Triassic after DIMITRUEVIC (1997). Neo-
slope after GAWLICK et al. (2016a) and this study; Hallstatt Limestone

facies zone after SUDAR (1986), SUDAR et al. (2010), GAWLICK & MissoNI (2015), GAWLICK et al. 2017a); open shelf with shallow-water
influence after SUDAR (1986) and SCHEFER et al. (2010); Late Triassic reef rim and lagoonal area after MissonI et al. (2012), SUDAR et al.
(2013) and DiMITRIEVIC (1997). B. Middle to Late Triassic passive margin configuration after GAWLICK et al. (2008, 2016a, 2017a).

Generation of oceanic crust started in the Late Anisian in the Neo-

1) Oceanic crust,
2) Middle and Triassic ribbon radiolarites, and
3) Open marine grey cherty limestones.

The age determination and the litho- and microfa-

cies characterization of these grey cherty limestone
blocks in the ophiolitic mélange in the type-area of the

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.

Tethys realm.

Grivska Formation are in the focus of the present pa-
per. For a detailed analysis of the ophiolitic mélange
in the type area of the Grivska Formation see GAW-
LicK et al. (2016b).

In addition to the reinvestigation of the type area of
the Grivska Formation, three other reference areas were
studied and here referred to as reference sections: sec-
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tion Gornja Bela Reka, section Visocka Cava peak, and
sections along the river Lim along the road from Donja
Bistrica to Prijepolje (Fig. 2). In all these areas, the
Grivska Formation occurs as metre- to several hundred
metres-sized blocks in the ophiolitic mélange.

Biostratigraphic age of the Grivska
Formation

In the region between the villages Visoka and Griv-
ska and also in the area of the river Lim, several large
metre- to several hundred metres-sized limestone
blocks occur in the ophiolitic mélange. GAWLICK et al.
(2016b) grouped the lithologies and microfacies of the
different limestone blocks as follows:

1. Thin to decimeter-bedded, micritic cherty lime-
stones, occasionally with very fine-grained tur-
biditic layers or marly layers. This limestone ty-
pe is present in metre- to several hundred metres-
sized blocks. The larger blocks can have a pre-
served sequence of several tens to hundred me-
tres in thickness and show slump folds in places.
This Early Norian limestone type is the most
common one in this ophiolitic mélange area.

2. Grey, thin-bedded cherty limestones with in-
tercalated turbidites with filaments and radiolari-
ans. Litho- and microfacies is similar to the Early
Norian thin to decimetre-bedded, micritic cherty
limestones, but they cannot be dated more pre-
cisely than Late Triassic (Carnian to Rhaetian).

3. Bedded, micritic cherty limestones with thick chert
layers and up to cm-thick greenish-grey marly lay-
ers. This type is Middle to Late Norian in age.

Grivska village - Mali Ostres locality

The locality Mali Ostres near the village Grivska on
the road between Visoka and Arilje (Figs. 2-A, 4) was
assigned by DIMITRUEVIC & DIMITRUEVIC (1987, 1991)
as the type section of the Grivska Formation. Accord-
ing to our studies, the age of the different grey cherty
limestone blocks is within the age range from the
Early Carnian to the Rhaetian. The following cono-
dont samples from different blocks in the locality Ma-
li Ostres near the village Grivska yielded poor cono-
dont faunas

» Sample SRB 484: (Anisian to) Early Carnian ba-

sed on Gladigondolella tethydis (HUCKRIEDE)
and Gladigondolella-ME K0OzZUR & MOSTLER;

» Sample MS 1472: Late Carnian—Early Norian ba-

sed on Paragondolella sp. and Epigondolella sp.;

* Sample A 4794: Early Norian (Lacian 2-3) fo-

unded upon Ancyrogondolella triangularis Bu-
DUROV;

» Sample SRB 482-2: Early-Middle Norian based

on Epigondolella sp.;

* Sample MS 1473: Early-Middle Norian deter-
mined with Epigondolella sp.;

* Sample MS 1474T: Lower, Middle Norian
founded upon Epigondolella sp. (cf. abneptis
(HUCKRIEDE);

* Sample SRB 415: Middle Norian based on Epi-
gondolella sp.;

+ Sample MS 1474: Eadly Norian (Lacian 2-3)
determined with Ancyrogondolella triangularis
BUDUROV;

« Sample MS 1478/1T: Early Norian (Lacian 2-3)
founded upon Ancyrogondolella triangularis
Bubpurov and Epigondolella abneptis (HUCKRIE-
DE);

* Sample MS 1478/1: Late Norian (Sevatian) ba-
sed on Epigondolella abneptis (HUCKRIEDE) and
Epigondolella bidentata MOSHER;

+ Sample A 4795-99: Late Norian to Early Rhae-
tian determined with Epigondolella bidentata
MOoSHER and Misikella sp.;

» Sample MS: 1478: Late Norian to Early Rhaetian
founded upon Epigondolella bidentata MOSHER.

Identical age data and the same microfacies were
reported from different cherty limestone blocks in the
ophiolitic mélange nearby Mali Ostres along the road
from Grivska to Visoka (GAWLICK et al., 2016D).

Visotka Cava peak

In the northern and southern surroundings of Viso-
¢ka Cava peak (1169 m, Fig. 2-B) many blocks of
grey cherty limestones of different size occur in the
ophiolitic mélange. The microfacies show predomi-
nantly radiolarian filament-wackestones, while fine-
grained turbiditic layers are rarely present. Some of
these blocks yielded Late Carnian to Middle Norian
conodonts (GAWLICK et al., 2016b):

e Samples MS 1647, MS 1649: latest Carnian
(Late Tuvalian) based on Paragondolella nodosa
(HAYAsHI) and Paragondolella polygnathiformis
(BUDUROV & STEFANOV);

* Samples MS 1615, MS 1618, MS 1646: carliest
Norian (Early Lacian) determined with Epigon-
dolella abneptis (HUCKRIEDE), Epigondolella
echinata (HAYASHI) and Metapolygnathus com-
munisti HAYASHI;

* Samples MS 1625, MS 1648: middle Early No-
rian, (late Middle Lacian) founded upon Epigon-
dolella abneptis (HUCKRIEDE), Norigondolella
hallstattensis (MOSHER) and Norigondolella nav-
icula (HUCKRIEDE);

* Samples MS 1612, MS 1622: Early Norian (late
Middle Lacian to early Late Lacian) based on
Ancyrogondolella triangularis BUDUROV, Epi-
gondolella abneptis (HUCKRIEDE) and Norigon-
dolella hallstattensis (MOSHER);

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.
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Fig. 4. Type locality of the Grivska Formation in Grivska village — Mali Ostres locality. 1. Typical dm-bedded grey cherty limestone suc-
cession. 2. A Grivska Formation block on top embedded in the ophiolitic mélange. 3. Several Grivska Formation blocks are overprinted by
young faulting. 4. Lithological features of Grivska Formation: dm-bedded grey limestones with irregular distributed grey chert nodules.

* Samples MS 1614, MS 1630: Middle Norian
(Middle-Late Alaunian) determined with Epi-
gondolella abneptis (HUCKRIEDE) and Epigondo-
lella postera (KOZUR & MOSTLER).

Gornja Bela Reka

Opposite of the woodwork in the village Gornja Bela
Reka, a big block of grey cherty limestones occurs with-

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.

in the ophiolitic mélange (Figs. 2-B, 5). The age is dated
by conodonts as earliest Norian to Middle? Norian:

» Sample A 4587: Early to Middle? Norian based
on Epigondolella sp. This sample was collected
from the beds below the slump deposits.

» Sample SRB 570: earliest Norian founded upon
Norigondolella navicula (HUCKRIEDE) and Car-
nepigondolella pseudodiebeli (Kozur). This
sample was collected from the basal part of the
slump deposit.
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Fig. 5. Outcrop situation of the Grivska Formation in the area of
Gornja Bela Reka. 1. Early Norian half-meter thick bedded grey
silicified limestones occurring opposite of the timber in Gornja
Bela Reka. This limestone succession is a block in the ophiolitic
mélange. 2. Detail from the succession. Certain beds are very
finely laminated, and certain layers are silicified. Intraformational
monomictic breccia horizons occur rarely.

The Lim River

A more than 100 metres-sized block of bedded
grey, and occasionally reddish-grey bedded cherty
limestones in the ophiolitic mélange of the Dinaridic
Ophiolite Belt is preserved along both sides of the
Lim river (Figs. 2-C, 6). The age of this succession
is dated by means of conodonts as Early to Late No-
rian.

On the first road curve after Donja Bistrica towards
Prijepolje (eastern side of the river Lim), an Early
Norian (Early-Middle Lacian) age is proven by con-
odonts (sample MS 2017 with Epigondolella abneptis
(HUCKRIEDE) transitional to Ancyrogondolella trian-
gularis BUDUROV, Norigondolella sp. (cf. navicula
(HuckRrIEDE); and sample MS 2019 with Norigondo-
lella hallstattensis (MOSHER). Radiolarians from this

part of the succession allow the same age assignment
(BRAGIN et al., 2017).

On the western side of the river Lim and in south-
ward direction of the first road curve after Donja
Bistrica towards Prijepolje along the railway, only 2
samples contained badly preserved and scarce con-
odont fauna: SRB 552 with Epigondolella sp. (aff.
juv. bidentata) and sample SRB 627 with Neohindeo-
della sp. These conodont faunas suggest a Late Norian
age.

Microfacies characteristics and
depostional environment of the
Grivska Formation

Grivska village — Mali Ostres locality

In the surroundings of Grivska village, including
the type locality, different blocks of Carnian to Rhaet-
ian age show more or less the same lithological fea-
tures and similar microfacies throughout the whole
stratigraphic sequence. In the different stratigraphic
levels the sequence varies in the thickness of the indi-
vidual beds and the amount of chert nodules and chert
layers. Slump structures are visible in some blocks,
mostly in those of Early Norian age. Radiolarians are
the dominant organisms. Fragments of thin-shelled
bivalves (“filaments™) occur only rarely (Fig. 7). Due
to the scarcity of conodont faunas in the series, it is
not possible to attribute the slightly different litholo-
gical characteristics to specific stratigraphic levels.
Early Norian fine-grained turbiditic resediments like
in the block in Gornja Bela Reka are missing in the
area of Grivska village.

Gornja Bela Reka

The big block consist of a sedimentary succession
of Early to ?Middle Norian bedded grey cherty lime-
stones. Chert nodules and chert layers are common.
Synsedimentary slump deposits are another character-
istic sedimentological feature. The microfacies of the
limestone layers surrounding the slump structures
show typical radiolarian wackestone microfacies (Fig.
8). Very fine-grained turbiditic layers with bioclasts
(rarely with foraminifera) of shallow-marine origin
were encountered in the slump deposits. The age, li-
tho- and microfacies characteristics are similar to the
limestone blocks in the area of Visoka or Grivska.

Fine-grained turbidites in the Early Norian slump
deposits which contain micrite clasts aside few shal-
low-water organisms like foraminifera is particularly
interesting, since such turbidites have never been
reported from blocks of the Grivska Formation in the
type area.

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.
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Fig. 6. Outcrop situation of the Grivska Formation on both sides along the river Lim (photos 1 and 2 show the eastern side, and photos 3

and 4 show the western side of the Lim river). 1. Road cut of Norian dm-bedded cherty limestones, occasionally with slump folds. 2.
Slump fold of most probably Early Norian age on the road cut. 3. Middle-Late Norian thin-bedded cherty limestones forming a huge
slump deposit. 4. Early to ?Middle Norian dm-bedded cherty limestones, occasionally the beds are amalgamated.

The Lim River

Along both sides of the Lim river, a large block of
the Grivska Formation underlain and overlain by the
ophiolitic mélange is preserved with huge slump
deposits in all stratigraphic levels. The thickness of
the Norian succession could not be determined,
because it is several times doubled due to slumping.

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.

The microfacies characteristics of the Norian grey
cherty limestones show only radiolarian wacke- to
packstones with occasionally occurring filaments
(Fig. 9). There is no difference in the microfacies
characteristics of the Early Norian cherty limestones
and the reddish-grey Middle/Late Norian cherty lime-
stones. Layers with resediments are missing in this
block.
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Fig. 7. Microfacies characteristics of the Late Triassic Grivska Formation from the type locality. Sediment was formed in a deep-marine
depositional environment. 1. Bioturbated radiolarian wacke- to packstone. Sample SRB 412. Width of the photograph: 1.4 cm. 2.
Enlargement of Fig. 1. Calcite filled molds of radiolarians, and with rare broken filaments. Width of the photograph: 0.5 cm. 3.
Radiolarian wackestone (lower part of the photograph) in contact with a fully silicified layer with similar microfacies. Sample SRB 414.
Width of the photograph: 1.4 cm. 4. Enlargement of the lower part from 3. Radiolarian wackestone with filaments. Width of the photo-
graph: 0.5 cm. 5. Layered Late Triassic wackestone with radiolarians (lower layer) and micrite clasts (upper layer). Sample SRB 484.
Width of the photograph: 1.4 cm. 6. Tectonized mud- to wackestone with recrystallized radiolarians. Sample SRB 415. Width of the pho-
tograph: 1.4 cm.

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.



10 MILAN N. SUDAR & HANS-JURGEN GAWLICK

Fig. 8. Microfacies of the Grivska Formation of the Gornja Bela Reka section. 1. Bioturbated radiolarian-filament wackestone. Radiolarians
are recrystallized to calcite. Sample SRB 247. Width of the photograph: 1.4 cm. 2. Radiolarians and filaments occur in a clotted muddy matrix.
Sample SRB 248-1. Width of the photograph: 0.5 cm. 3. Graded turbiditic layer from a slump deposits. Most clasts are micritic with rare pre-
served foraminifera. Sample SRB 248-2. Width of the photograph: 1.4 cm. 4. Enlargement of Fig. 3. Micrite clasts with foraminifera. Width
of the photograph: 0.5 cm. S. Layered muddy radiolarian-filament wackestone. Sample SRB 496. Width of the photograph: 0.5 cm. 6.
Laminated filament-wackestone with rare recrystallized radiolarians. Sample SRB 570. Width of the photograph: 0.5 cm. 7. Laminated radio-
larian-wackestone derived from a Grivska Formation block in the ophiolitic mélange, around one kilometre south of Gornja Bela Reka. All
radiolarians are recrystallized to calcite. Sample SRB 498. Width of the photograph: 1.4 cm. 8. Enlargement of Fig. 7. The coarser-grained lay-
ers with enriched radiolarians are diffuse silicified. Width of the photograph: 0.5 cm.

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.
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Fig. 9. Microfacies characteristics of the Lower Norian Grivska Formation along the road Bistrica-Prijepolje (Donja Bistrica). 1.
Radiolarian-wackestone to packstone, bioturbated. Sample BI-3. Width of the photograph: 1.4 cm. 2. Enlargement of Fig. 1. With some
broken filaments. All radiolarians are recrystallized to calcite. Width of the photograph: 0.5 cm. 3. Filament-radiolarian packstone, bio-

turbated. Sample BI-5. Width of the photograph: 1.4 cm. 4. Enlargement of 3. All radiolarians are recrystallized to calcite. Filaments are

better preserved. Width of the photograph: 0.5 cm.

Definition of the Grivska Formation

Validity: Valid, emendation in GAWLICK et al.
(2017a). After the informal description in an unpub-
lished report by DIMITRIEVIC et al. (1982)* the first
more detailed investigations on this formation were
published in DIMITRUEVIC & DIMITRUEVIC (1987,
1991).

Type section/area: Grivska village (Mali Ostres
locality — Fig. 2-A) and adjacent areas. Here the
Grivska Formation occurs as blocks in the ophiolitic
mélange. No continuous section of the whole Late
Triassic is preserved.

Reference sections/areas: 1) Blocks of latest Ca-
rnian (Late Tuvalian) to Early and Middle Norian of

the cherty limestone succession in the vicinity of Vi-
socka Cava peak (Fig. 2-B), 2) Block of Early to
?Middle Norian bedded grey cherty limestone in Gor-
nja Bela Reka village and blocks in the surrounding
areas (Fig. 2-B). 3) Early to Late Norian, 100 m thick
and km-sized block of bedded grey cherty limestones
along the road Bistrica-Prijepolje (Fig. 2-C).

Synonyms: See the historical review in the In-
troduction of the present paper.

Derivation of name: Name refers to Grivska vil-
lage (Mali Ostres section) along the road Visoka—Ari-
lje (Fig. 2-A).

Lithology: Generally thin- to medium-bedded micri-
tic grey cherty limestones, typically of radiolarian wacke-
stone microfacies with rare filaments (Figs. 7, 8, 9).

* DIMITRUEVIC, M.N., DIMITRUEVIC, M.D., RADOVANOVIC, Z., PANTIC-PRODANOVIC, S., JOVICIC, A., DOBRIC, D. & MILOVANOVIC, LJ. 1982. Formacija

Grivske (Tematska geoloska karta — Projekat D2, Godisnji izvestaj za 1981. godinu) [Grivska Formation, Thematic Geologic Map — Project D2, Annual

report for 1981 — in Serbian]. Unpubl. report, Geological Institute, Beograd, 61-70.
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Greenish-grey marl intercalations occur locally. More
massive grey cherty limestones occur in places as well.
Chert nodules and chert layers commonly occur in all
slightly different lithological types, but their density
differs in respect to the age. Very fine-grained turbiditic
carbonate or marly layers also occur locally. This type
of with fine-grained resediments were encountered
either as several metres thick blocks or as tens of metres
thick blocks with preserved slump folds.

Origin, facies: The Grivska Formation represents
distal toe-of-slope and basin facies; it was formed on
the continental slope of the Neo-Tethys Ocean or on
the ocean floor near to the continental slope.

Chronostratigraphic age: Late Triassic (Early
Carnian to Rhaetian; compare GAWLICK et al., 2016Db,
2017a), based on conodont and radiolarian dating.

Thickness: Approximately 300 m. The thickness
cannot be exactly measured since the Grivska Forma-
tion is only preserved as isolated blocks in the ophi-
olitic mélange. Each block has only a limited strati-
graphic age range in the dismembered succession.

Lithostratigraphically higher rank: Grivska
Group (MissoniI et al., 2012).

Underlying units (foot wall boundary): Late Ani-
sian to Late Ladinian radiolarites, in the earliest Carni-
an radiolarites with intercalated micritic limestone lay-
ers (GAWLICK et al. 2016b), as preserved in one block in
the Visoka area. The higher Julian (“Middle Carnian”
siliciclastic event) has not been proven, but radiolaritic-
argillaceous sedimentary rocks can be expected.

Overlying units (hanging wall boundary): Not
known.

Geographic distribution: Mélange areas of the
Dinaridic Ophiolite Belt, mainly in the ophiolitic mé-
lange. In these mélanges, the Grivska Formation oc-
curs as redeposited clasts and blocks reaching several
100 metres in size. These blocks derived from the dis-
tal continental slope or the proximal oceanic realm as
evidenced from the whole component spectrum in the
ophiolitic mélange (GAWLICK et al. 2016b). In tecton-
ic units to the east of the Dinaridic Ophiolite Belt it
can be expected that the continental slope is incorpo-
rated in the Middle-Late Jurassic accretionary wedge
and, therefore, only metamorphosed sedimentary
rocks are preserved. Similar grey cherty and marly
limestone successions are widespread in the Inner
Dinarides east of the Dinaridic Ophiolite Belt. How-
ever, they differ slightly in their lithofacies and micro-
facies characteristics. SCHEFER et al. (2010) defined
the Kopaonik Formation in the Kopaonik Unit (Ko-
paonik Mt.). The Kopaonik Formation is characte-
rized by fine-grained resediment layers in practically
all stratigraphic levels, by a higher marl content and a
radiolarian poor microfacies. SUDAR (1986) intro-
duced the Gucevo Formation in the Jadar Unit for a
similar rock type (see remarks). According to our
present-day knowledge the stratigraphic range of the
Gucevo Formation is Carnian to Norian, and the stra-
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tigraphic range of the Kopaonik Formation is Late
Anisian to ?Early Jurassic (see remarks). In the area of
Lezimir in the southern Fruska Gora Mt. (northern
Serbia, Vardar Zone Western Belt) ToLJiC et al. (2013)
assigned metamorphosed nodular limestones and car-
bonate schists to the Grivska Formation, but without
detailed age dating and microfacies analysis. Parts of
these occurrences may belong to the Grivska Forma-
tion, but further studies are needed. Late Triassic cher-
ty limestones in the Lim Unit of the East Bosnian-
Durmitor Megaunit, and a Late Triassic reefal and
slope facies (DIMITRIEVIC, 1982, 1997; DIMITRIJEVIC
& SIKOSEK, 1997) most probably do not belong to the
Grivska Formation, but detailed studies on these suc-
cessions are lacking.

Lateral units: Towards the ocean radiolarites and
towards the distal open shelf Hallstatt Limestones.

Remarks: If we define the Grivska Group as con-
sisting of all Middle to Late Triassic grey cherty lime-
stone successions representing open-marine (hemi- or
eu-pelagic) sedimentary rocks, i.e. deposited in the
outer shelf region (Hallstatt facies zone) following
formation has to be included: the Grivska Formation,
parts of Kopaonik Formation, and the Trnava Forma-
tion. The Klisura Member, as the lowermost part of
the Trnava Formation (Fig. 3) would be today more
convincingly placed into the Nova Varo§ Group
(GAwLICK et al., 2017a). As transitional sedimentary
succession between the formations of the Nova Varos
Group and the open marine limestones with chert nod-
ules and layers of resediments from the prograding
Wetterstein Carbonate Platform (=Trnava Formation),
the Klisura Member can also attributed as a part of the
Trnava Formation in the Grivska Group.

The Rid section is located near to the village Zboj-
Stica, south of Uzice (Fig. 2). It was described for the
first time by DIMITRUEVIC & DIMITRUEVIC (1991) as
belonging to their Grivska Formation. But this grey
cherty limestone succession is of Late Anisian age and
it is a part of the original Mesozoic succession of the
Drina-Ivanjica Unit, as described by SUDAR et al.
(2013). Palaecogeographically, the Late Anisian (Mid-
dle/Late Illyrian) sedimentary rocks of the Rid section
were deposited more continentward than the coeval
Bulog Formation which was formed on the outer
shelf. For this type of Anisian grey cherty limestone
successions with intercalations containing redeposited
shallow-water grains the name Rid Formation was
introduced by Supar et al. (2013). The Rid For-
mation, therefore, is not part of the Grivska Group.
Further detailed investigations are needed on the
metamorphosed Kopaonik Formation to clarify the
differences between the Middle Triassic and Late
Triassic part of the succession. Although no radiolarit-
ic Middle Triassic interval has been reported from the
Kopaonik Formation, it was probably overlooked or
wrongly attributed to other formations due to the fact
that all successions in the Kopaonik Unit underwent



Emendation of the Grivska Formation in its type area (Dinadiric Ophiolite Belt, SW Serbia) 13

intense tectonics and metamorphism. The question if
the Guc¢evo Formation belongs to the Grivska Group
or is a synonym of the Grivska Formation is still open.

The (latest Ladinian) to Early Carnian thin- to me-
dium-bedded fine grained cherty limestones with in-
tercalated volcanic ash layers and thin claystone layers
in the area of Nova Varo§ were earlier classed into the
Grivska Formation (DIMITRUEVIC 1997). Although the
lithological features of this succession are occasional-
ly macroscopically similar to those of the Grivska
Formation, the microfacies characteristics are different
(GawLICK et al. 2017a). In addition, the overlying und
underlying sedimentary rocks are also different.
Therefore, GAWLICK et al. (2017a) introduced the name
Zlosnica Formation for this succession. The ?Late
Ladinian to Early Carnian (“Cordevolian”) ZloSnica
Formation can be roughly seen as a mixture of the
Raming and Partnach Formations in the Northern
Calcareous Alps (GAWLICK et al., 2017a for details).

The Late Triassic successions in the eastern regions
of the East Bosnian-Durmitor Megaunit (Lim Unit)
e.g., Sutjeska canyon in the vicinity of Rudo (SUDAR,
unpublished data) and in the Gradac area around
Pljevlja (SUDAR 1986) are not investigated in detail.
Whether these grey cherty limestone sequences are
part of the Grivska Formation or they belong to other
formations can only be decided after detailed strati-
graphic and microfacies studies.

The Early Jurassic or Early to Late Jurassic cherty
limestone successions (e.g., Strmenica site on the Ja-
dovnik Mt. or section on the eastern side of Trijebin-
ska Reka valley near the town Sjenica) were classed
also to the “Grivska Formation” (DIMITRIEVIC, 1997;
RaADOVANOVIC et al., 2004; RADOVANOVIC & POPEVIC,
2005) although they show significantly different litho-
and microfacies characteristics. Accordingly, the
definition of a new formation is needed. These succes-
sions belong to the parautochthonous basement of the
Dinaridic Ophiolite Belt with completely different
under- and overlying sedimentary sequences.

Discussion

Biostratigraphic age dating accompanied by detail-
ed microfacies studies as a need for the definition of
formations based on the rules of lithostratigraphy we-
re not carried out during production of the Thematic
Geological Map of Serbia (1:50000). Therefore, it
was not possible to elaborate up-to-date geological
maps, i.e. mapping of formations. As a result, the geo-
logical maps produced during and since that period
show the estimated age of the mapped rocks regard-
less to their facies characteristics.

More recent investigation on several grey cherty
limestone successions including biostratigraphic age
dating and microfacies analysis pointed out, that in
former times similar depositional and diagenetic con-

ditions in different time spans existed. Therefore, a

mixture of different formations with similar lithologi-

cal characteristics was incorporated into the Grivska

Formation. In fact, the grey cherty limestone succes-

sions differ significantly in their age range, microfa-

cies characteristics and the underlying or overlying
sedimentary successions. To solve this problem, Mis-

SONI et al. (2012) defined the latest Ladinian to Early

Carnian Trnava Formation, with the Late Ladinian

Klisura Member at its base, as a part of the Grivska

Group. SUDAR et al. (2013) defined the Illyrian Rid

Formation.

Missont et al. (2012, p. 102) wrote about the histo-
ry and the general usage of the term “Grivska For-
mation”: “Up to now the name Grivska Formation is
a potpourri for all Ladinian to Late Jurassic bedded
limestones with cherts in the Dinaridic Ophiolite Belt
(e.g., DIMITRIJEVIC, 1997; RADOVANOVIC and POPEVIC,
1999, and many others). Due to the fact that in this
case the name Grivska Formation summarizes a lot of
genetically different sedimentary successions, we
restrict the name Grivska to Triassic hemipelagic se-
quences and advocate for the name Grivska Group.
This group should contain in future all different
Middle and Late Triassic hemipelagic bedded cherty
limestones with shallow-water debris. The originally
introduced (Triassic to Jurassic) Grivska Formation
needs a complete revision, a modern definition, and a
new type-section.” These first steps to disentangle the
Gordian knot of the Grivska Formation potpourri
without a detailed reinvestigation of the type locality
and based on the statements of DIMITRUEVIC (1997)
resulted in this inaccurate interpretation of the
Grivska Group as “hemipelagic bedded cherty lime-
stones with shallow-water debris” (MISSONI et al.,
2012), now exactly specified.

Based on the new studies and the microfacies,
lithofacies, and depositional characteristics of the dif-
ferent limestone blocks in the ophiolitic mélange the
Grivska Formation consists of two groups of sedimen-
tary rocks:

1) Dm-bedded, micritic cherty limestones, occasion-
ally with very fine-grained turbiditic layers or
marly layers of commonly Early Norian age.
Slump folds are a typical sedimentological feature.
The microfacies show mainly radiolarian wacke-
stones occasionally with intercalated turbidites
with filaments and radiolarians. The microfacies
characteristics of the dm-bedded and the thinly-
bedded Carnian or Middle Norian to Rhaetian grey
cherty limestones are practically identical. This
microfacies resemble the microfacies known from
the Early Norian Massiger Hellkalk of the Hallstatt
Facies Zone, or the Potschen Limestone of the Me-
liata Facies Zone (GAWLICK et al., 2016b). Litho-
logy and microfacies combined point to an inter-
mediate type between Hallstatt and Potschen
facies, i.e. deposition on the continental slope.

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.
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2) The Middle/Late Norian to Rhaetian is made of
bedded greyish to reddish cherty limestones with
occasionally thick chert layers and greenish-grey
marls. Lithology and microfacies resemble the
Potschen Limestone of the Meliata Facies Zone
(continental slope: Fig. 3).

The onset of development of the Wetterstein Car-
bonate Platform in the latest Ladinian led to increas-
ing export of carbonate mud towards the outermost
shelf area and this resulted in a change in deposition
on the continental slope. Towards the distal passive
margin, the Late Ladinian radiolarite/limestone suc-
cession is substituted more and more by Early Carnian
pure grey cherty limestones (GAWLICK et al., 2016b).
On the continental slope, the radiolaritic successions
progressed to more and more carbonate dominated
sediments. Parts of the Kopaonik Formation (SCHEFER
etal., 2010) and the Trnava Formation (MISSONI et al.,
2012) clearly document a high carbonate mud export
from the Wetterstein Carbonate Platform area towards
the Neo-Tethys Ocean.

Increasing carbonate production, especially during
the Early Carnian Wetterstein Carbonate Platform and
Late Carnian to Rhaetian Dachstein Carbonate Plat-
form evolutions, is manifested in an increasing
amount of carbonate turbidites beside the export of
carbonate mud from the platform towards the open
shelf elsewhere in the western Tethyan realm (high-
stand shedding in sense of DROXLER & SCHLAGER,
1985; GawLICK & BoOHM, 2000). This model works
also for practically the entire Jurassic before plankton-
ic carbonate production starts in rock forming quanti-
ties (BRALOWER et al., 1991; FLUGEL, 2004 with refer-
ences therein). The carbonate export to the open shelf
environments was mainly triggered in Early-Middle
Jurassic times by the evolution of the Adria Carbonate
Platform (VLaAHOVIC et al. 2005) and in the Late
Jurassic by the Adria Carbonate Platform and the
newly formed Plassen Carbonate Platform and its
equivalents (SCHLAGINTWEIT et al., 2008).

The facies characteristics of the Grivska Formation
can slightly differ in respect to the depositional realm
respectively the water depth on the continental slope
with deepening towards the oceanic depositional re-
alm. Whereas in the upper part of the continental
slope — especially in the latest Ladinian to early Early
Carnian — relatively carbonate-rich grey limestones
were deposited (see: lateral units in chapter Defi-
nition of the Grivska Formation) the lower part of the
continental slope is characterized by a radiolarite-
limestone succession (e.g., GAWLICK et al. 2016b). Si-
milar Carnian sedimentary sequences can also be
expected on the continental slope near to the oceanic
realm, but with increasing radiolarite content (com-
pare GAWLICK et al. 2008). In contrast to the evolu-
tion of the Norian-Rhaetian Dachstein Carbonate
Platform with an enormous amount of carbonate ex-
port in direction to the distal passive margin res-
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pectively the Neo-Tethys oceanic realm, the export of
calcareous mud from the Wetterstein Carbonate Plat-
form to the outer shelf areas is seen as much lower,
deduced from existing sedimentary outer shelf sedi-
mentary successions (e.g., GAWLICK & MISSONI,
2015). In the Norian—Rhaetian, the calcareous mud
from the Dachstein Carbonate Platform is clearly vis-
ible also in the continental slope near oceanic domain
(e.g., GAWLICK et al., 2016a) whereas, in contrast, in
the latest Ladinian to Early Carnian radiolarite/lime-
stone sequences were deposited in this depositional
realm. In cases the mixed radiolarite/limestone depo-
sition could be replaced by pure radiolarite deposi-
tion in the latest Ladinian or the “Middle” Carnian
before the rapid earliest Carnian Wetterstein Carbo-
nate Platform progradation of after the demise of the
Wetterstein Carbonate Platform.

Conclusions

The reinvestigation of the type area around the vil-
lage Grivska and in adjacent areas (GAWLICK et al.,
2016b, 2017a) and this contribution points out, that
1) All cherty limestone successions in the type area

have a Late Triassic (Early Carnian to Rhaetian)

age,

2) The cherty limestones in the type area occur as
blocks in the ophiolitic mélange,

3) The microfacies of all cherty limestones is charac-
terized by radiolarian- and filament-bearing
wackestones; only occasionally (in the Early Nori-
an) fine-grained turbiditic limestone intercalations
occur. Shallow-water components derived from
platforms are practically missing, only very fine-
grained resediment layers occur in slump deposits,

4) There is a remarkable lithological change around
the Ladinian/Carnian boundary from radiolarites
(Late Anisian to Ladinian) to more calcareous de-
posits. This change from radiolarite to cherty lime-
stone deposition is triggered by the onset of the
Wetterstein Carbonate Platform evolution and the
increase of carbonate export to the outer shelf dur-
ing that time.

The distal shelf area is characterized by the deposi-
tion of a Hallstatt Limestone sequence as typical else-
where (e.g., KRYSTYN, 2008; GAWLICK et al., 2017a, b)
and grey cherty limestone were deposited on the con-
tinental slope and the proximal parts of the oceanic
domain. According to the age and the microfacies
(GawLICK et al., 2016b), the limestones of the Grivska
Formation were deposited on the continental slope or
in the proximal oceanic realm (Fig. 10) and are com-
parable to the Potschen Formation (type locality) in
the Northern Calcareous Alps (compare MISSONI &
GAWLICK, 2011) or to the grey cherty limestones of
the Meliata facies (type locality) in the Western
Carpathians (see GAWLICK & MISSONI, 2015).
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The reconstruction of the Triassic-Jurassic tectono-
stratigraphic evolution of the Inner Dinarides is based
on the tectonic events forming the depositional realms
for the different sedimentary successions (=lithostrati-
graphic units), and place the formations in respect to
their event-related deposition within a palaeogeo-
graphic domain (GAWLICK et al., 2017a). On this base
it is possible to define the Triassic-Jurassic history of
the Inner Dinarides with special emphasis on the area
of the Dinaridic Ophiolite Belt as history of the east-
ern shelf of a continent (Adria or Apulia in the litera-
ture) facing the Neo-Tethys Ocean to the east (Fig.
10). Continental rifting in this domain started with

W

In the Dinaridic Ophiolite Belt, this type of open-
marine cherty limestones (= the Grivska Formation)
occur only as blocks in the ophiolitic mélange and are
therefore very important for palacogeographic recon-
structions and the reconstruction of the Triassic-
Jurassic geodynamic history of the Inner Dinarides.
The sedimentary rocks of the continental slope
(Grivska Formation) and the outer shelf region
(Hallstatt facies) are found only in sedimentary
mélanges and are interpreted to be incorporated in the
deep-water troughs in front of the advancing nappe
stack. The thrust sheets of the former passive margin
were successively fragmented and incorporated into

E

A. Middle-Late Triassic passive margin configuration
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Fig. 10: Triassic-Jurassic evolution of the western Neo-Tethys margin after GAWLICK et al. (2016b). A. Middle to Late Triassic passive
margin configuration (compare Fig. 2). Generation of oceanic crust started in the Late Anisian in the Neo-Tethys realm. The formation of
an oceanic basin (Dinaridic Ocean) between the Outer (Triassic restricted lagoon) and Inner Dinarides (Triassic open lagoon, reef belt and
transitional facies) is not possible due to the missing facies transitions from the lagoon to the open marine environment. B. Onset of ophi-
olite obduction in the Bajocian and formation of the ophiolitic mélange. The most westward trench-like basin is filled with ophiolitic
material mixed with material from the continental slope (Grivska Formation).

graben formation in the Late Permian and the oceanic
break-up started in the Late Pelsonian respectively
around the Pelsonian/Illyrian boundary. Partial clo-
sure of the Neo-Tethys Ocean (= western Neo-Tethys
Ocean) started most probably around the Early/Mid-
dle Jurassic boundary and westward-directed ophio-
lite obduction started in the Middle Jurassic (~Bajo-
cian), creating the ophiolitic mélange with compo-
nents from the continental slope (cherty limestones of
Grivska Formation) incorporated. The ophiolite ob-
duction lasted until the Late Jurassic.

the nappe stack in front of the westward obducting
ophiolites, i.e. the continental slope (Meliata facies,
Grivska Formation) in the first stage of obduction,
and later also the outer shelf region (Hallstatt facies).
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Pe3ume

®opmanuja I'puBcKka y THIICKOj 00/1aCTH
(IuHapuacku o(puoJIMTCKHU Mojac,
J3 CpoOuja): uamena u nepunHucame

CexBeHIle CHBUX KpeumhaKa ca pOKHaIuMa cy 4e-
CTO MPUCYTHE y TPUjaCKUM H jYPCKUM CETUMEHTHUM
CyKIlecHjaMa y JJOMeHY 3amaIHoT TeTuca: CIIM9HU Je-
MTO3UIIMOHU W JIHjar€HETCKH YCIIOBH OMOTYhHIIHN Cy
BUX0BO 00pa3oBame Ha Pa3IMYUTHM MECTHMA.

®opmanujy ['puBcka cy HepopMaIHO YCTAaHOBHIU
DIMITRIEVIC & DIMITRUEVIC (1987, 1991). KopucTe-
hu camo peTke TMallCOHTOJIONIKE TIOaTKe W3 TIperna-
para, DIMITRUEVIC & DIMITRUEVIC (1991, ctp. 32) cy
3aKJBYUWIIN: ,,M321€0a 0a cy 08U Cllojesu CUHXPOHU Ca
Odomwum Oeirom Bemepwmajn ¢opmayuje (naoun).*
KacHuje je, caMo Ha OCHOBY BHIJBMBHUX MaKpOCKOTI-
CKUX KapaKTepucTHKa JuTodanuja, y Behuan ciyda-
jeBa Oe3 mparehe oxpende crapoctu, kao u 6e3 ne-
TaJbHUjUX MUKpOQANHjaTHUX HCTPAXUBarha, HA3HB
»Popmarmja ['puBcka® xopuntheH 3a cBe CHBE Kped-
Bake ca poxHanuMa y JmHapHICKOM O(GHOIUTCKOM
mojacy (Ca. 1; DIMITRUEVIC, 1997; DIMITRIEVIC et al.,
2003; RapovanNovi¢, 2000; RApovanNoviC et al.,
2004; CHIARI et al., 2011), wnu y 3amagHOM TIOjacy
Bapnapcke 3one (ToLIC et al., 2013). YV yHyTpanmum
Hunapunuma tepmus ,,Popmarija [puBcka® cBe 1o
JaHAC je TMOTPEIIHO YyroTpeOsbaBaH 3a CBE CPEImbO-
TpHjacke 10 Cpeamo (Topmo) jypcKe CUBE Kpeumhake
ca pokHaMa. BakHO je /1a ce HarmoMeHe J1a CTapocT

Geol. an. Balk. poluos., 2018, 79 (1), 1-19.

BehiMHE HaBeJEHWX CEKBEHIIM CHBUX Kpeumaka ca
pOXHaIlMMa YONINTE HHje OWja ajeKBaTHO HCTpa-
KMBaHA.

HoBwuja ucrpaknBama HEKOIHUKO CYKIECHja CHBHX
Kpeumaka ca poKHaIMMa, Koja ¢y oOyxBarmia Ono-
crparurpadcka ogpehuBama cTapocT 1 MEKpOdarm-
jamHy aHaNM3y, yKas3aya Cy Jla Ce paHHuje HhHUXOBa CTa-
pOCT TpoIemHBalia CaMO Ha OCHOBY MAaKpOCKOIICKH
BUJJBMBUX JTUTOJIOIIKUX KapakTepUCTHKA. MTrHOpH-
myhu YUBeHHITy 1a Y pa3iuduTUM PacliOHUMa Bpe-
MeHa MOTY Ja TI0CTOj€ CIMYHU JISMTO3UIIMOHH U JHja-
TeHETCKH yCIIOBH, MEIIaBUHA Pa3IUIUTHX (hopMmarirja
je ouna mpunmcuBana ®Popmammju I[pusBcka. Y cy-
IITHHY CHBH Kpeumalll ca POXKHAIMMa C€ 3HadajHO
pa3iIuKyjy MO0 CTapOCHOM DPaHTy, MUKpodalrjaTHuM
KapakTepUCTHKaMa, Kao M IO TMOJUHCKUM HJIH II0-
BJIATHUM CEKBEHIaMa.

[loHOBHA WCTpaKMBamba Ha THIICKOM JIOKAJIATETY
Mamu Octpent jyxHO of cena [ puBcka Ha 3natuOopy
(Cn. 2-A), ka0 u AeTajbHE aHANIHM3E TOjEAMHUX OJI0-
KOBa ca pOXKHaIlUMa Yy O(HOIUTCKOM MENaHXKy W3
npyrux obmactu (GAWLICK et al., 2016b, 2017a), omo-
ryhwia cy mo mpBu MyT UCTIpaBHY Ie(MUHUIA]Y jOII
yBek y onpehenoj mepu enmrmarnyne dopmarmje
I'puBcka 1 TUMe jacHO yka3zana Ha cienehe:

1) CBu kpeumanu ca poXXHaIMMa y THIICKO] o0a-
CTH Cy TOPHOTPHjacKe CTapoCTh (IOHBH KapH — PerT),

2) CBu Kpeumally ca poXXKHAIMMa y THIICKO] o0a-
CTH Cy OJIOKOBH Y O(HOIUTCKOM MEJIaHKY,

3) Kapakrepuctinana Mukpodanmnja je BEKCTOH ca
paauonapujaMa u GUIIaMEHTHMa; caMo ce ToHere (y
JIOFEM HOpY) I10jaBJbyjy TaHKHU CJIOjeBU (UHO3PHUX
TypOUINTCKUX Kpeurmaka. [ [ITUTKOBOTHE KOMIIOHEHTE
ca TutatdopMe MPaKTHIHO HEAOCTajy; BeoMa (prHO3P-
HU PECEIMMEHTOBAHU CJIOjE€BU CYy PETKH y CHEIr(u-
YHUM CTpaTurpad)CKuM CJI0jeBUMa,

4) Oko NajWHCKO/KapHH]CKE TPaHUIE KapaKTepH-
CTHKE TOPHOaHHU3H]CKe 10 JIAAMHCKE JIEMO3UIIHje Me-
Hajy Ce MOCTENEeHO Ol PaJIHOIAPHjCKOT J0 H3paye-
HUjeT KpeumadKkor Taloxkema. OBa TpoMeHa, of pa-
JNOJIApHjCKe /IO JICTIO3UIIje KpeumhaKka ca pOKHAIIU-
Ma je TIOKpeTad KOjH je ITOBEe3aH 3a MoYeTaK eBOyIIHje
Berepmtajucke kapOoHaTHe TuTaTopMe W TIOpacT
KapOOHaTHE TIPOIYKITHje TOKOM BpeMEeHa.

Ob6nact gucramHor menda je okapakTepucaHa Jie-
MTO3UIIN]OM CEKBEHIIe XaJIITaTCKUX KpedmhaKa THITH-
YHUX Ha MHOTHM MectuMa (Hmp. KRYSTYN, 2008;
GAWLICK et al., 2017a, b), 10K cy Ha KOHTHHEHTAITHO]
MaJVHA ¥ TPOKCHMATHAM JIEJIOBHMa OKEaHCKOT JI0-
MEHa JIeTIOHOBaHW CHBH KPEUhalld ca POXKHAIUMA.
Ha ocnoBy crapoctu u mukpodarmja (GAWLICK et al.
2016a) kpeumarnu ca poxHanuma Popmanuje [pus-
CKa Cy ce TaJOKHMJI Ha KOHTHHEHTAITHO] TTaJNHU WITH
Ha MPOKCUMATHOj okeaHckoj oomactu (Cu. 10) u mory
na ce yropene ca @opmanmjom Ileuen (Tumncku oka-
muter) y CeBepauM Kpeumauknm Anmuma (ymopenn
MissONI & GAWLICK, 2011) min ca CHBHM Kpedmba-
nmuMa ca pokHanuMa Menwujara Qamnuje (THUICKH
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nokanuter) y 3amaganM Kapmatuma (Buam GAWLICK
& MissonI, 2015).

PexoHcTpyKIMja TpHjacko-jypcke TEKTOHOCTpATH-
rpadcke eBonylMje yHyTpammux JnHapuma 3acHoO-
BaHa je Ha TEKTOHCKWM JoraljajuMa Koju Cy CTBOPHIIH
JIETIO3UITMOHE TIPOCTOPE 3a Pa3IN4YUTe CEINMEHTHE
CyKiecuje (= aruroctparurpadcke jeAMHUIE), U 3a Me-
cTo opmarje Be3aHux 3a Te norahaje y okBUpy ma-
neoreorpadekor momena (GAWLICK et al., 2017a). Ha
OCHOBY Tora, MoTyhe je neuHucaT TPHjacko-jypeKy
WCTOpHUjy yHyTpammbux JlmHapuma, ca CremnujaaHuM
HarllackoM Ha JIuHapuacku OQpHONHUTCKU Tojac, Kao
WCTOPHjy UCTOUHOT mienda KoHTHHEHTa (AnpHja wim
Armynuja y TuteparypH) okpeHyTor npema Heoreruc-
KoM okeaHy ka uctoky (Cim. 10). Illupeme je y oBoM
JIOMEHY 3arro4enio (popMHpameM TrpabeHa y TOpHEeM
nepMy JIOK je pa3iiaMame OKEaHCKOT MPOCTOpa OTIIO-
Yel0 y TOPEHEM IeJICOHY OIHOCHO TMPHUOIMKHO OKO
rpaHuIie neircon/mmp. JemuvuyaHo 3atBapame Heo-
TETHCKOT OKeaHa (= 3amamHu Heorteruc) HajBepo-
BaTHUjE je MOYeNI0 OKO TPaHUIle TOHa/Cpeamma jypa u
o0xykija odronmTa y TIpaBIly 3arajia 3armodena je y

cpenmoj jypu (~ Oajec), obpasyjyhu Hajmiahu odu-
ONIUTCKH MEJIAaH)K ca KOMIIOHEHTaMa W3 KOHTHHEH-
TajgHe Kope (Kpeumamu ca pokHarmMa Dopmariije
I'puBcka). O0ayKIHja je Tpajana 0 TOpHE jype.

YV JunHapuackoMm o(HUOIUTCKOM T10jacy OBaKaB THII
Kpedmaka ca poKHaIlMa I10jaBJbyje ce caMO y BUIY
KJIACTa WK OJIOKOBA Y OPHOIUTCKOM MENIaHXy H 3aTO
Cy BeoMa Ba)XHU 3a Tasieoreorpadcke peKOHCTPYKIIH-
je, Kao ¥ 3a peKOHCTPYKIIN]Y TPHjacKO-jypcKe TeoIu-
HaMHU4Ke HcTopuje yHyTpammux Jnnapuma. Cemu-
MEHTHE CTeHe KOHTHHeHTanHe nanuae (Popmammja
I'puBcka) n crmoJpmer pernona menda (Xammrarcka
(haruja) HasTa3e ce caMo y CEIMMEHTHHM METaHKIMa,
a WHTEpIpEeTHpaHe Cy Kao CacTaBHU J1€0 TyOOKOBOJI-
HUX TPOTOBA HCIIpe]] cucTeMa HaBiaka. HaByuenu ne-
JIOBH pPaHHje TTaCHBHE MaprHHE Cy OWIIN CYKIIECHBHO
(parmMeHTHpaHN W YKJIOIUBEHH y CHUCTEME HaBIIaKa
(hopmupanux ucnpesn opUOINTa KOjU Cy ce 00yKOBa-
JIU Ka 3amajay, Tj. TBOPEBUHE KOHTHHEHTAIIHE TTa{iHe
(Menmjara ¢ammja, @opmanmja [puBcka) y mpBoM
CTaInjyMy OOIIyKITHje, a KACHU]€ M PETHOHU CIIOJbHHET
menda (Xammrarcka daruja).
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