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/lunapudu, J3 Cp6uja. 

Abstract. Upper Triassic (upper Carnian – Rhaetian) grey cherty limestone 

are known in the Internal Dinarides under the name of “Grivska Formation”. 

Sediments of the Grivska Formation are characterized by microfossils only – 

conodonts and radiolarians, and did not yield any macrofossils. Micropa- 

laeontological research of Upper Triassic siliceous rocks was performed at the 

locality Lim River, in the vicinity of Bistrica Village in SW Serbia. 

Radiolarian assemblages are characterized by such species as Capnodoce 

anapetes DE WEVER, C. sarisa DE WEvER, Sarla hadrecaena (DE WEVER), 

Praehexasaturnalis tenuispinosus (DONOFRIO & MosTLER), Žiphothecaellla longa 

(KozuR & Mock). According to the radiolarian data, the investigated cherts are 

oflatest Carnian to early Norian age. 

AncrpakT. TopboTpuHjackH {ropbH KapH – peT) cHBH KpeuMbauH Cca po- 

*KHaliHMa Cy y yHyTpalıMbHM /lHHapH/nHMa H03HaTH o/ Ha3HBOM ĐopManuuja 

TpHBcKe. CenHMeHTe ĐopwManuje TpHBcKe KapakTepHite npHCyCTBO MHKpO- 

dQocHaa – KoHo/JloHaTa H pajiHOJIapHja, KaoO H OJICyCTBO MaKpoQayHe. Ha 

noKajnTeTy y MOJHHH peKe JIHM, y OmH3HMHH Bucrpume (J3 Cpouja), 

H3BpHIeHa Ccy /eTaJbHa MHKPOTaJIeOHTOJIOHIKa HCTpa)XkMBaHhba TFOpH0O- 

TpHjacKHX CHJIHIIHjCKHX CenHMeHaTa. Y panHoJIapHjcKHM acolHjanHjaMa 

R\OMHHHpajy curenehe Bpcre: Capnodoce anapetes DE WEVER, C. sarisa DE WEVER, 

Sarla hadrecaena (DE WeEvEr), Praehexasaturnalis tenuispinosus (DONOFRIO & 

MosTLEr), Xiphothecaellla longa (KozuR & Mock). Ha ocHoBy ompebeHHx 

pajnuostapujckHx acouHjauuHja yrBpbeHa je ropbboKapHHjcKa /(0 J(OMbOHOpH- 

uKa crapocT HcTpa)XHBaHHX ceJlHMeHaTa. 
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Introduction 

The Triassic hemipelagic deposits of moderate 

thickness (up to several hundred meters), which are 

represented by platy cherty limestone intercalated 

with marl and clay, in parts with coarser-grained al- 

lodapic layers and common chert nodules and layers, 

are known in the Internal Dinarides under the name 

of “Grivska Formation”. This formation was infor- 

mally established by DIMITRIJEVIĆ & DIMITRIJEVIĆ (1991) 

and supposed to be synchronous with the lower part 

of Wetterstein Formation (Ladinian) (DIMITRIJEVIĆ & 

DIMITRIJEVIĆ, 1991). 

According to DIMITRIJEVIĆ [1997), the Grivska For- 

mation is represented only by huge olistoplakes that 

are in tectonic contacts with the surrounding rocks. 

Therefore it was difficult to reconstruct primary strati- 

graphical relationships ofthese deposits without bios- 

tratigraphic control. Biostratigraphy of the Grivska 

Formation can be based only on microfauna; any 

macrofossils are unknown here. SUDAR [1986, 1996) 

distinguished Ladinian, Carnian and Norian cherty 

limestones using conodont dating, but these data were 

rarely used in geological studies, and the Grivska For- 

mation was defined and mapped mostly on the base 

ofits macroscopic lithological attributes, without bios- 

tratigraphic and detailed microfacies investigations. 

As a result, the term Grivska Formation has been 

used broadly for the all Ladinian to Late Jurassic 

stratified cherty limestones in all units that derived 

from the Adriatic passive margin. Due to the fact that 

in this case the Grivska Formation includes geneti- 

cally different sedimentary successions, MISssoNI et al. 

(2012) restrict the name Grivska to Triassic hemipe- 

lagic sequences and advocate the term Grivska 

Group, which comprises different Middle and Late 

Triassic hemipelagic bedded cherty limestones with 

layers of calciturbidites with shallow-water debris. 

Later, GAWLICK et al. (2016, 2017) and SUDAR & GAWLICK 

(2018) revised the Grivska Formation using new 

biostratigraphic and microfacial data. The age of 

Grivska Formation was determined on the base of 

conodonts as Late Triassic (Carnian-Rhaetian) (Su- 

DAR & GAWLICK, 2018). It should be noted that lime- 

stones ofthe Grivska Formation are characterized by 

microfossils only – conodonts and radiolarians, and 

did not yield any macrofeossils. 

This work deals with the first study ofradiolarian 

assemblage from the Grivska Formation with its 

biostratigraphic analysis and correlation. 

Geological setting and previous studies 

The Triassic limestones described here, observed 

on the both sides of Lim River near mouth of Bistrica 

River in SW Serbia (Fig. 1) were previously mapped 

as Middle Triassic, Ladinian [ČIRIC', 1980), and were 

shown as surrounded by ophiolitic mćlange. Actually 

they are interpreted as large olistoliths. First correc- 

tions ofthe estimated Ladinian age range were made 

by SUDAR & GAwLICkK (2018] based on conodont inves- 

tigations. 

According to SUDAR & GawL_ick (2018) in the Dinar- 

idic Ophiolite Belt, openmarine cherty limestones 

(= the Grivska Formation) of this type occur only as 

blocks in the ophiolitic mćlange and are therefore 

very important for palaeogeographic reconstruc- 

tions and the reconstruction of the Triassic-Jurassic 

geodynamic history ofthe Inner Dinarides. The sedi- 

mentary rocks that derived from the continental 

slope (Grivska Formation) and the outer shelf region 

(Hallstatt facies) are found only in sedimentary mć- 

langes and are incorporated in the deep-water 

troughs in front of an advancing nappe stack. The 

thrust sheets ofthe former passive margin were suc- 

cessively fragmented and incorporated into the 

nappe stack in front of the westward obducting 

ophiolites. Deposits ofthe continental slope (Meliata 

facies, Grivska Formation) became a part of the 

nappe stackin the first stage of obduction, while the 

outer shelfrregion (Hallstatt facies) were added later. 

Alternatively, these bedded grey to reddish-grey 

bedded cherty limestones preserved along both 

sides oftthe Lim river, could also represent the Trias- 

sic stratigraphical cover of a carbonate platform 

sequence, which belongs to the Drina-Ivanjica Unit 

(Fig. 1), i.e. part ofa continental margin formation 

(ScHiD et al., 2008). Grey cherty limestone se- 

quences occur quite common in the Triassic and 

Jurassic sedimentary successions of the Western 

Tethys realm: similar depositional and diagenetic 

conditions led to the formation of grey cherty lime- 

stones elsewhere (SUDAR & GAwLICK, 2018). 

Geol. an. Balk. poluos., 2019, 80 (1), 17–27
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Sava suture 

West Vardar 

Drina-Ivanjica Unit 

-——— Late Jurassic obduction 

Sediments of ths passive margin 
of Adria (Jurassc) 

Sediments of th» passive margin 
of Adria (Pz anc T) o 

-——  Pre-Senonian thrusting 

Fig. 1. a, Main tectonic units in the central part of Balkan Peninsula {modified after BRAGIN 

et al., 2018); b, Simplified geologic map ofthe wider investigation area {modified after DJERIĆ 

et al. 2012). 
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East Vardar 

Jadar 

East-Bosnian-Durmitor Unit 

- Ophiolitic melange 

——— Late Jurassic obduction 

Sediments of the passive margin 
of Adria (Jurassic) 

Sediments of the passive margin 
of Adria (Pz and T) 

Locality Lim 

The Grivska Formation 

was informally introduced by 

DIMITRIJEVIĆ: & · DIMITRIJEVIĆ 

(1987, 1991): the definition 

of this formation was not 

based on chronostratigraphy 

only, but it also took into ac- 

count lithostratigraphic and 

facial aspects. Sediments of 

the Grivska Formation were 

interpreted as hemipelagic 

sedimentary rocks, deposited 

on the platform slope, the 

toe-of-slope and in the basin 

near to the slope by DIMI- 

TRIJEVIĆ & DIMITRIJEVIĆ (1991) 

and KovAcs et al.(2010, 2011), 

based on the distinguished 

lithofacies. The term “Grivska 

Formation” in the Inner Di- 

narides has been used until 

nowadays in a confusing and 

misleading way for all Middle 

Triassic to Middle (?) Jurassic 

grey cherty limestone succes- 

sions {e.g. DIMITRIJEVIĆ, 1997; 

DIMITRIJEVIĆ et al., 2003; RADO- 

VANOVIĆ et al., 2004; CHIARI et 

al., 2011). GAWLICK et al. 

(2017) offered definitions 

and emendations of some for- 

mations in the Inner Dinar- 

ides, including some parts of 

the Grivska Group. According 

to GAWLICK et al. (2017) the 

Grivska Formation is repre- 

sented by Upper Triassic (lo- 

wer Carnian - Rhaetian) 

cherty limestones that repre- 

sent blocks in ophiolitic mć- 

lange; some of these blocks 

are even several hundreds of 

meters large. The most com- 

mon are wackestones with 

radiolarians and filaments. 

Thin layers of fine-grained 

turbiditic limestone are rela-
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tively rare, while shallow-water, platform-derived 

sediments are practically missing. It was concluded 

that cherty limestones of the Grivska Fm. were de- 

posited on a continental slope or on a proximal 

oceanic bottom. They are comparable with the 

Potschen Formation ({type locality) in the Northern 

Calcareous Alps or with grey cherty limestone of 

Meliata unit (type locality) in the Western Carpathi- 

ans [GAWLICK et al., 2016). 

The age of Lim river succession is dated by means 

ofconodonts as early to late Norian {SUDAR & GAWLICK, 

2018). First preliminary study of radiolarians from 

the Grivska Formation gave results that are well con- 

cordant with conodont studies – we found latest 

Carnian to early Norian radiolarians from the locality 

in the Lim River near Bistrica (BRAGIN et al., 2017). 

Methods 

Samples of cherts and cherty limestones were 

processed in diluted (10%) hydrofluoric acid (HF) 

following the method by PESSAGNO & NEWPoORT, 1972 

and DUMITRICA, 1970, residues were washed by water, 

then cleaned by hot water (10—15 g) with 0.5 g tetra- 

sodium pyrophosphate (Na„,P.,O,) to remove clay par- 

ticles. Radiolarians were picked from dried residues 

under light binocular microscope LOMO-MBS-10, 

Fig. 2. Limestones oftthe Grivska Formation in the valley of Lim River near the mouth of Bistrica River (A, outcrops ofthe Triassic lime- 

stones on the left side of Lim River valley; B, outcrops of the Triassic limestones on the right side of Lim River valley; note intensive 

folding; C, thin-bedded limestones with single bed of thick-bedded massive limestone; D, chert nodules in limestones; large pink nodule 

in the lower part of photo; small dark-grey nodule above the hammer). 

20 Geol. an. Balk. poluos., 2019, 80 (1), 17–27
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then mounted, studied and photographed under 

scanning electron microscope TESCAN 2300 in the 

Geological Institute RAS, Moscow. 

Description of stratigraphic section with 
radiolarian biostratigraphy 

Outcrops in the right side of Lim River valley were 

observed, sampled and studied. The Grivska Formation 

is represented here by grey to yellowish-grey platy, 

sometimes thick-bedded micritic limestones, usually 

recrystallized, with calcite veins and with common lay- 

ers and nodules of white and pink cherts. Thin-platy 

limestones (with thickness of layers less than 10 cm) 

are predominant, while the beds with thickness of 

more than 0.5 m are represented by massive grey lime- 

Table 1. Presence and abundance of radiolarian taxa in samples. 

E 019%39'03,6"), four samples were collected, while 

second point is located in SW direction from the 

bridge (coordinates N 43%27'59,0" E 019%38'59,3") 

where two samples were collected. 

Radiolarians were recovered from two chert sam- 

ples: 15-20-1 and 15-21-2. The preservation is mod- 

erate to poor and some individuals are determined 

in open nomenclature or only in generic level. The 

taxonomic diversity of radiolarian assemblages is 

low due to selective and poor preservation. Radiola- 

rian tests are commonly recrystallized. Anyway, ob- 

tained results allow us to date limestone deposits of 

Grivska Formation. 

According to the presence of characteristic taxa 

(Table 1) both samples can be assigned to the upper- 

most Carnian to lower Norian. This stratigraphic in- 

terval is well-known worldwide in low latitudes by 

the presence of Capnodoce, 

Capnuchosphaera, Xiphothe- 

caella and other taxa (DE WE- 
Samples 

Radiolarian taxa 

VER, 1982; BLOoME, 1984; 

15-20-1 SUGIYAMA , 1997; TEKIN, 1999; 
15-21-2 

Capnodoce anapetes DE WEVER 

Capnodoce sarisa DE WEVER 

BRAGIN, 2007; O'DOGHERTY et 

al.. 2010). Studied interval 

Capnodoce sp. 
correlates with the lower part 

of Zone Capnodoce of North 
Capnuchosphaera sp. cf. C. tricornis DE WEVER 

Sarla hadrecaena (DE WEVER) 

Sarla ? sp. 

America (BLoME, 1984), Zone 

TR6A of Japan (SUGIYAMA, 

EIlisus ? sp. 
1997), Zone Capnodoce ruesti 

EIlisus sp. cf. E. siscwaiensis (CARTER) 
of Western Europe (KoZUR, 

Monocapnuchosphaera sp. B sensu TEKIN, 1999 
2003) and Zone Capnodoce 

Eptingiidae ? gen. et sp. indet. 
R crystallina of Eastern Russia 

.. 

Palaeosaturnalis sp. 
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(BRAciN, 2000). 

Praehexasaturnalis tenuispinosus (DONOFRIO & MOSTLER) 

Paronaella sp. 

Triassocrucella sp. cf. T. triassica (KOZUR & MOSTLER) Final remarks 

Corum sp. 

Spinosicapsa spp. The Grivska Formation is 

Xiphothecaella longa (KOZUR & Mock) 

[<
] 

m
|
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|
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represented, on the right side 

stones. Rocks are intensively folded, numerous faults 

are present (Fig. 2). The total thickness can be esti- 

mated as more than 100 meters. Contacts of lime- 

stones and matrix of mćlange were not observed. 

First sampling point is on the right side of valley 

directly near the bridge (coordinates N 43*%28'03,8" 

Geol. an. Balk. poluos., 2019, 80 (1), 17–27 

of Lim River valley, by grey to 

yellowish-grey platy micritic 

limestones with common layers and nodules of white 

and pink cherts. Based on the radiolarians, the ana- 

lyzed cherts were deposited between the uppermost 

Carnian and lower Norian. These results are well 

concordant with conodont studies (Early to Late No- 

rian; SUDAR & GAWLICK, 2018). The radiolarian associ- 

21
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ations from the locality Lim River are correlatable 

with the radiolarian associations identified from nu- 

merous low-latitude localities of the uppermost 

Carnian to lower Norian: Alpine-Mediterranean (DE 

WEVvER, 1982; KozuR, 2003 TEKIN, 1999; BRAcGIN, 2007), 

North America (BLowE, 1984), Japan (SUGIYAMA, 1997) 

and Eastern Russia (BRAaciN, 2000). 
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Peaume 

Topmorpujacke paaHojtapuje 
OĐopmwmarnuje TpuBcka, YHyrTpatıbH 
/iHHapunu, J3 Cpouja 

TpujacKuH xeMHnejtamKH ce/,IHMeHTH yHyTPal- 

M-HX /laHapuana, KojH cy npeyiCTaBJbeHH yCJIOjeHHM 

KpeuMbauiMa ca npociiojuHMa uarnopatta H rayHHama, 

MeCTHM HO/IyJ1aMa po?KHana H MeCTHMHuHO KPpyIHIHO- 

3pHMHM aJIO/lAHICKHM CJIOjeBHMa, HO3HaTH Cy HO/i 

Ha3HBOM „Đopmatnuja TpancKe“ OBy popmanujy cy 

HeQOopMajiHO ycTaHOBHIH DIMITRIJEVIĆ & DIMITRIJEVIĆ 

(1991). IIpeMa DIMITRIJEVIĆ (1997), oBe creHe npe/n- 

CTaBJbajy BeJIHKe OJIHCTOTJIaKe, Koje ce HaJta3e y 

TeKTOHCKOM KOHTaKT?J Ca IIO/1HHCKHM H IIOBJlaTHHM 

creHaMa. YJ yHyTpamiM»HM /laHHapHyHMa TepMHH 

„ĐopwManuuja TpaBcKa“ cBe |O CKOpO je norpeliHo 

ynoTpe0JbHBaH 3a cBe cpeyibOTpHjacKe /(O Cpeylb0 

(?ropm-o)) jypcke caBe KpeuMbaKe ca poxKHaliHMa. 

MISSoNI et al. (2012) npennaxy Kopumhesme Tep- 

MHHa „TpuBcKa rpyna“, Koja 0H o0yxBaTHJIa pa3- 

jnuauHTe cpe/lb0- H ropb0TpHjacKe xeMHnejtatmike 

ycojeHe KpeuMbake ca po?KHaliHMa H OCTaTKe TIJIHT- 

KOBOJIHHX CceMHMeHaTa. KacHuje, GAWLICK et al. 

(2016, 2017) H SUDAR & GAWLICK (2018) sBpme 

peBH3uHjy Đopwmanuje TpHBcKa, KopHcrehH HOBO- 

no0uHjeHe OHocTpaTHrpaQockKe H MHKpoQanHjajiHe 

nojlaTKe. SUDAR & GAWLICK [2018] onpebyjy ropbo- 

TpuHjacKy {[KapHHjcKH KaT — peTCKH KaT) cTapocT 

Đopwmanuje TpaBcKa Ha OCHOBy KOHOJIOHTCKe MH- 

KpodQayHe. 3HauajHo je ucrahu na ce ce)1MeHTH 

OĐopwmanuje TpHBcKa KapakTepHiiy CcaMO HpHcy- 

CTBOM MHKpOQayHe – KOHO/LOHTH H pa/iHojJtapHje, H 

He ca/npx;Ke npe/icraBHHKe MaKpoQayHe. 
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y uJby noOHjaHba HoOBHx Io/laTaKa H3BPpIHIeHa Cy 

HcTpax)xiBaHba Kap0oOHaTHO-payiHOJtapHTCKHX ceJlH- 

MeHarTa Ha JecHoj o0ajiuH peKe JIuM, y O-t3anHH ymha 

peke BuHcrpHme. HcrpaxHBaHH ceHMeHTH IIpe/- 

CTaBJbeHH Cy CHBHM /lO )XyhKaCTO-CHBHM yCJIOjeHHM 

MHKpHTHuUuHHM KpeuMbaliiMa ca MeCTHM IIpoc]10jiiHMa 

H Ho/lya1aMa OeJtHdacTHX /1O py)xHdacTHX po)xHala. 

Ha ocHoBy aHajtH3HpaHe paaiHoulapHjcKe acotlH- 

jauuje, yrBpbeHa je ropoKapHHjcKa JIO JOMP5OHO- 

pHuka crapocT y3opKkoBaHHx poxxHaa. HoBo/no0ujeHH 

nonanu cy y noTHnyHocTH carnmacHH ca nmo/laliiMa 

no0HjeHHM aHaJ!H3OM KOHOJIOHTCKe MHKpoQayHe 

(HopHukH KaT; SUDAR & GAWLICK, 2018). Panuojta- 

puHjcke acouHjanMHje H3OJJOBaHe H3 cenHMeHaTa 

noKananTeTa JIMM KapakKTepHiiy ce IHpHCyCTBOM 

no0po no3HaTHx TaKcoHa OpojHHX CBeTCKHX JIOKa- 

jnuiTeTa ropb0KapHHjcKe /(O JJOPbOHOpHuKe CTapo- 

CTH: aJUICKO-MeyjnHTepaHcKa oOjacT (DE WEVER, 

1982; KozuR, 2003 TEKIN, 1999; BRAcGIN, 2007), Ce- 

BepHa AMepHKa (BLoME, 1984), JanaH [{SUGIYAMA, 

1997) u ucrouHu /eo Pycuje (BRAGiN, 2000). 

Manuscript recieved May 05, 2019 

Revised manuscript accepted June 23, 2019 

Plate 1. 

Latest Carnian to Early Norian radiolarian associations from the Lim locality 

(Sample 15-20-1: Figs. 3, 6, 13; Sample 15-21-2: Figs. 1, 2, 4, 5, 7-12). 

Scale bar A (1–3, 5–7, 10–13); B (4,8,9). 

Fig. 1. Capnodoce anapetes DE WEVER; 

Fig. 2. Capnodoce sarisa DE WEVER; 

Fig.3. Capnodoce sp.; 

Fig.4. Capnuchosphaera sp. cf. C. tricornis DE WEVER; 

Fig.5. Sarla hadrecaena (DE WEVER); 

Fig. 6. EIlisus ? sp.; 

Figs.7,11. · Eptingiidae gen. et sp.indet.; 

Fig.8. Monocapnuchosphaera sp. B sensu TEKIN, 1999; 

Fig.9. Sarla ? sp.; 

Fig. 10. Ellisus sp. cf. E. siscwaiensis {CARTER); 

Figs. 12,13. Paronaella sp. 
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Plate 2. 

Latest Carnian to Early Norian radiolarian associations from the Lim locality 

(Sample 15-20-1: Figs. 2, 4, 9; Sample 15-21-2: Figs. 1, 3, 5–8, 10,11). 

Scale bar A (1, 4-7); B (2, 3,8–11). 

Fig. 1. Triassocrucella sp. cf. T: triassica (KozuUR & MOSTLER); 

Fig. 2. Praehexasaturnalis tenuispinosus (DONOFRIO & MOSTLER); 

Fig.3. Palaeosaturnalis sp.; 

Fig.4,5. Corum sp.; 

Figs. 6–9. Spinosicapsa spp.; 

Figs. 10,11. Xiphothecaella longa (KozuR & Mock). 
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