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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), Xiphothecaellla longa
(Kozur & Mock). According to the radiolarian data, the investigated cherts are
of latest Carnian to early Norian age.

Ancrpakrt. ['opwoTpHjacku (ropwkbU KapH — peT) CUBU Kpeulaly ca po-
»KHALMMa Cy y YHYTpallbuM JIluHapy/iMMa o3HaTH noj HazuBoM Popmaryja
I'puscke. CegumenTe Popmarnyje ['puBcKe KapaKkTepulle MPUCYCTBO MUKPO-
¢docusia - KOHOZIOHATA M pajiMoJiapuja, Kao U oJcycTBo MakpodayHe. Ha
JIOKQJIUTETy y AOJUHU peke JluM, y 6susuHu buctpune (J3 Cpb6uja),
MW3BpIlEeHa Cy JeTa/bHa MUKPONAJEOHTOJIOUIKA MUCTPaXKMBamwa TCOPHO-
TPUjaCKUX CUJULUjCKUX CeJUMeHATa. Y paJiM0JIapUjCKUM acolMjayujama
IoMuHHUpajy caenehe Bpcre: Capnodoce anapetes DE WEVER, C. sarisa DE WEVER,
Sarla hadrecaena (DE WEVET), Praehexasaturnalis tenuispinosus (DONOFRIO &
MosTLEY), Xiphothecaellla longa (Kozur & Mock). Ha ocHoBy ojpeheHunx
painoIapujCKUX acolyjanyja yTBpheHa je ropkbOoKapHHUjCKa 10 JOEBOHOPH-
YKa CTapoOCT UCTPaKMBAHUX CeZlMMeHaTa.
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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 DimITRjEVIC & DIMITRIJEVIC (1991)
and supposed to be synchronous with the lower part
of Wetterstein Formation (Ladinian) (DIMITRJEVIC &
DIMITRIJEVIC, 1991).

According to DIMITRIJEVIC (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 of these deposits without bios-
tratigraphic control. Biostratigraphy of the Grivska
Formation can be based only on microfauna; any
macrofossils are unknown here. Supar (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
of its 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, MissonI 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 of the Grivska Formation are characterized by
microfossils only - conodonts and radiolarians, and
did not yield any macrofossils.

This work deals with the first study of radiolarian
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 (Ciri¢, 1980), and were
shown as surrounded by ophiolitic mélange. Actually
they are interpreted as large olistoliths. First correc-
tions of the estimated Ladinian age range were made
by SUDAR & GawLIcK (2018) based on conodont inves-
tigations.

According to SUDAR & GAwLICK (2018) in the Dinar-
idic Ophiolite Belt, openmarine cherty limestones
(= the Grivska Formation) of this type occur only as
blocks in the ophiolitic mélange and are therefore
very important for palaeogeographic reconstruc-
tions and the reconstruction of the Triassic-Jurassic
geodynamic history of the 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 mé-
langes and are incorporated in the deep-water
troughs in front of an advancing nappe stack. The
thrust sheets of the former passive margin were suc-
cessively fragmented and incorporated into the
nappe stack in front of the westward obducting
ophiolites. Deposits of the continental slope (Meliata
facies, Grivska Formation) became a part of the
nappe stack in the first stage of obduction, while the
outer shelf region (Hallstatt facies) were added later.

Alternatively, these bedded grey to reddish-grey
bedded cherty limestones preserved along both
sides of the 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 of a continental margin formation
(Scamip 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).
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Fig. 1. a, Main tectonic units in the central part of Balkan Peninsula (modified after BRAGIN

etal, 2018); b, Simplified geologic map of the wider investigation area (modified after DJERIC

etal 2012).
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The Grivska Formation
was informally introduced by
DIMITRIJEVIC &  DIMITRIJEVIC
(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-
TRIJEVIC & DIMITRIJEVIC (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. DIMITRIJEVIC, 1997;
DimITRIJEVIC et al., 2003; Rabo-
vANOVIC et al., 2004; CHIARI et
al, 2011). GaAwLIck 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 mé-
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
of conodonts 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 (BraciN et al., 2017).

Methods

Samples of cherts and cherty limestones were
processed in diluted (10%) hydrofluoric acid (HF)
following the method by PESsAGNO & NEwWPORT, 1972
and DumITRrIca, 1970, residues were washed by water,
then cleaned by hot water (10-15 g) with 0.5 g tetra-
sodium pyrophosphate (Na,P,0-) to remove clay par-
ticles. Radiolarians were picked from dried residues
under light binocular microscope LOMO-MBS-10,

Fig. 2. Limestones of the Grivska Formation in the valley of Lim River near the mouth of Bistrica River (A, outcrops of the 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).
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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 ; ; VER, 1982; BLOME, 1984;
15-20-1 | 15-21-2 ) .
T ——— Suciyama , 1997; TEKIN, 1999;
BRrAGIN, 2007; O’DOGHERTY et
Capnodoce anapetes DE WEVER R al, 2010). Studied interval
gap no;loce S D R - g correlates with the lower part
aprodoee Sp. - - of Zone Capnodoce of North
Capnuchosphaera sp. cf. C. tricornis DE WEVER R America (BLoME, 1984), Zone
Sarla hadrecaena (DE WEVER) C TREA of ]apaln (SU(';IYAMA
Sarla ? sp. R R !
Ellisus 72p R 1997), Zone Capnodoce ruesti
Ellisus sp. cf. E. siscwaiensis (CARTER) R (Z)EO\QVestel(‘jnZEuro(pée [KZZUR’
Monocapnuchosphaera sp. B sensu TEKIN, 1999 R )llctm fone apno oc.e
Eptingiidae ? gen. et sp. indet. R R crystallina of Eastern Russia
Palaeosaturnalis sp. R (BRracIy, 2000).
Praehexasaturnalis tenuispinosus (DONOFRIO & MOSTLER) R
Paronaella sp. G C .
Triassocrucella sp. cf. T. triassica (KOZUR & MOSTIER) R Final remarks
Corum sp. C C
Spinosicapsa spp. C C The Grivska Formation is
Xiphothecaella longa (KOZUR & MOCK) C 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 mélange 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-
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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
WEVER, 1982; Kozur, 2003 TEkIN, 1999; Bracin, 2007),
North America (BLoME, 1984), Japan (Suciyama, 1997)
and Eastern Russia (BRracin, 2000).
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Pe3ume

F'opwoTpujacKe paguosapuje
dopmanyje 'puBCcKa, YHyTpallkbuU
AuHapuay, |3 Cpouja

Tpujacku xeMunesalmku ceJUMeHTH YHyTpall-
BbUX JInHapuaa, Koju Cy NpeAcTaB/beHU YCI0jeHUM
KpedmalluMa ca poc/iojiMa Jlanopana v I/InHala,
YyeCTUM HoZyJIaMa POXKHalla U MECTUMUYHO KPYITHO-
3pHUM aJIOANCKUM CJ0jeBHMa, NMO3HATHU Cy IOJ,
HasuBoM ,Popmaiuja 'puBcke”. OBy popmariyjy cy
HedOpMaJHO yCTaHOBUIX DIMITRIJEVIC & DIMITRIJEVIC
(1991). llpema DIMITRIEVIC (1997), oBe cTeHe Tipe-
CTaBJbajy BeJIMKE OJIUCTOIJIAKe, KOje ce HaJja3e y
TEKTOHCKOM KOHTAKTYy ca NOAUHCKUM U MTOBJAaTHUM
cTeHaMa. Y yHyTpamiwuM JluHapujuMa TepMUH
,Popmanuja 'puBcka“ cBe /10 CKOPO je MOrpPeIrHo
ynoTpeb/bUBaH 3a CBe Cpe/ilbOTPHjacKe [0 CPEHhO
(?ropmo0) jypcke cMBe KpeyraKe ca poXKHaIuMa.

Missoni et al. (2012) npepsiaxy kopuinhemwe Tep-
MuHa ,['puBcKa rpymna‘, koja 64 obyxBaTusa pas-
JINYUTE CPe/iHb0- U FOPHOTPUjacKe XeMHUIeIallKe
ycJlojeHe KpeukbaKe Ca pOXKHAIlMMa U OCTATKe MJIUT-
KOBOJHUX cenumMeHata. KacHuje, GAWLICK et al.
(2016, 2017) u SupAR & GawLicK (2018) Bpuie
peBusujy ®opmanuje I'puBcka, kopuctehn HOBO-
nobujeHe 6uocTpaTurpadcke 1 MUKpodalrjaiHe
noaaTke. SUDAR & GawLick (2018) oxpebyjy ropmwo-
TpHUjacky (KapHUjCKH KaT — PETCKH KaT) CTAapoCT
®opmanuje 'puBcKa Ha OCHOBY KOHOJOHTCKE MU-
kpodayHe. 3Ha4yajHO je UcTahu Aa ce CeAUMEHTH
®opmanuje 'pUBCcKa KapaKTepHUILy CaMO MPHUCY-
CTBOM MUKpOdayHe — KOHOJAOHTHU U paiuoaIapHje, U
He caJip>Ke MpeICTaBHUKe MakpodayHe.
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Y unby nobujarkba HOBUX MoJaTaKa U3BpIIeHa Cy
HCTPaKMBaba KapbOHATHO-PAUOJIAPUTCKUX CEJIU-
MeHaTa Ha JieCcHoj o6asiu peke JIuM, y 6,1u3uHU yirha
peke buctpune. UcTpakvBaHu cefMMEHTH NpeJ-
CTaBJ/bEHU Cy CHBHUM JI0 ’KYNKaCTO-CUBUM YCJIOjeHUM
MUKPUTUYHUM KpedmalliMa ca YeCTUM NPOC/IojiMa
Y HOZly/1IaMa GeIMYacTHX [0 PYKUYACTHUX POXKHALA.

Ha ocHOBy aHa/nm3upaHe paJloiapujcKe acoLu-
janyje, yTBpheHa je ropmkOKapHHUjCKa 0 JOHOHO-
pHYKa CTApOCT Y30PKOBaHUX poxkHaLA. HoBomo6ujeHH
nojialiy cy y MOTOYHOCTH carJlacCHU ca moJanuMma
JloOMjeHUM aHaJIM30M KOHOJOHTCKe MUKpodayHe

(Hopuuku KaT; SUDAR & GawLicK, 2018). Paguouia-
pHjCcKe aconyjanuje HU30JI0BaHEe U3 CeJuMMeHarTa
JokasuTeTa JIMM KapaKTepUlly ce HPUCYCTBOM
Jl06pO MO3HATUX TAKCOHA OPOjHUX CBETCKUX JIOKA-
JINTETa FOpHhOKapHUjCKe [0 Ol OHOPUYKe CTapo-
CTHU: aJIlicKo-MenuTepaHcka ob6sact (DE WEVER,
1982; Kozur, 2003 TEkIN, 1999; Bracin, 2007), Ce-
BepHa AMepuka (BLoME, 1984), JanaH (SuGIYAMA,
1997) u uctounu zaeo Pycuje (Bracin, 2000).
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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. Ellisus ? 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 (Kozur & 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).

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



Late Triassic radiolarians from the Grivska Formation, Internal Dinarides, SW Serbia

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







