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Chert blocks in the ophiolitic mélange of Zlatibor Mt.
(SW Serbia) — age and geodynamic implications

NATASA GERZINA! & NEVENKA DJERIC?

Abstract. Cherts are quite frequently occurring rocks in the Internal Dinarides, an extremely complex area
composed of several tectonostratigraphic units in which oceanic sediments, ophiolites and partly metamor-
phosed parts of the distal continental margin of Adria are preserved. Therefore, these cherts differ in age and
the original depositional environment in which they were formed.

Results of investigations carried out in the chert blocks found in the mélange in the vicinity of Jasenovo
village on SE slopes of Zlatibor Mt. are presented here. Radiolarian cherts from the studied localities repre-
sent blocks in mélange of the East-Bosnian—Durmitor Unit, exposed in a large tectonic window below the
Triassic carbonates of Drina—Ivanjica Unit. Biostratigraphic data revealed Callovian—early Kimmeridgian
ages of the studied chert blocks, thus implying a Kimmeridgian or younger age of obduction of the West
Vardar ophiolites.
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AmncrpakT. PoxxHanu ce yecto cpehy y YHyTparimum J[uHapuanma, u3y3eTHO KOMIEKCHO] 00JaCTH H3rpa-
heHoj o1 HEKOIMKO TEKTOHOCTPAaTHTPadCKUX jeINHUIIA Y KOjUMa CYy CauyBaHNU OKEAHCKH CEIUMEHTH, OHONU-
TH U JCTUMHYHO MeTaMOp(HUCAHN ICTIOBU TUCTaTHe MapriuHe Anprje. Tako ce Ha 0BOM MPOCTOPY T0jaBIbYjy
POXXHAIM PA3IMYUTE CTAPOCTH POPMHUPAHU Y PA3TIUIUTHM JICTIO3UIIUOHUM CpEIMHaMA.

Y 0BOM pajly NpUKa3aHu Cy pe3yJTaTH MCTPKHBAbA POKHAYKHUX OJIOKOBA Y MEJIaHXKy y ONM3UHU cela
JacenoBo Ha JU magmnama 3matnOopa. Pagmonapujcku poskHaAIM ca UCTPaXKUBAHUX JIOKATUTETa MpecTa-
BJbajy OIOKOBE y Menamky McTouHO60CaHCKO-TYPMUTOPCKE jeIMHUIIC, OTKPUBEHOM Y TEKTOHCKOM IIPO30PY
UCIOA TpHjackux KapOoHaTa J[pHHCKO-MBaWmUYKE jequHHIC. bruoctparurpackoM aHaiM3oM aoOujeHa je
KEJIOBC)CKO-TOBOKUMEPHIICKA CTAPOCT UCTPAKUBAHUX OJIOKOBA POXKHAIIA, IITO yKa3syje Ja je oOmykiuja 3a-
MaJHO-BapAapcKuX oproanTa OuIa TOKOM KMMEpHIa WITH KacHH]e.

Kibyune peuun: Poxnaiy, panuonapuje, opHOINTCKH METalK, jypa, YHyTpammu Jduaapunu, J3 Cpouja.

Introduction

Precise dating of wide variety of oceanic sediments
is necessary for reconstructions of palaeogeography
and geodynamic evolution of oceanic basins and their
continental margins. In that sense, radiolarian biostra-
tigraphy is extensively used today in dating pelagic
marine sediments. Investigations of radiolarian asso-
ciations carried out so-far in the Internal Dinarides of
Serbia reveal the following age clusters: Middle to
Late Triassic, Middle Jurassic and Late Cretaceous.

Early Jurassic ages have not been proven in the In-
ternal Dinarides in Serbia, while Upper Jurassic ages
have been questioned recently.

Both Triassic and Jurassic radiolarians occur in
chert blocks embedded in mélange of Late Jurassic
age in the Internal Dinarides (e.g. OBRADOVIC ef al.
1987/88; GORICAN et al. 1999; VISHNEVSKAYA et al.
2009; OzsvArRT & KovaAcs 2012; GAWLICK et al.
2009; DIERIC et al. 2010).

Triassic ages are obtained for oceanic sediments as-
sociated with MORB-like and within-plate basalts
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(OBRADOVIC et al. 1987/88; VISHNEVSKAYA et al.
2009), while Middle Jurassic ages are established for
pelagic sediments that stratigraphically overlie plat-
form carbonates of the passive margin of Adria (e.g.
DJERIC et al. 2007, 2012), as well as from ophiolite-
bearing detrital sediments formed during the obduc-
tion of the ophiolites onto the adjacent continental
margin (OBRADOVIC & GORICAN 1988; VISHNEVSKAYA
et al. 2009; DJERIC et al. 2010). Late Cretaceous radi-
olarians are found in sedimentary cover of ophiolitic
mélange of the Western Vardar Zone (e.g. DJERIC et al.
2009; BRAGINA et al. 2014; DJERIC & GERZINA 2014).

The aim of this paper is to present results of inves-
tigations carried out in the chert blocks found in the
mélange in the vicinity of Jasenovo village on SE
flanks of Zlatibor Mt.

Geological setting

The study area is situated in SW Serbia. In a geot-
ectonic sense, it is a part of the Internal Dinarides,
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DmMITRIEVIC, M.D. 2001; DIMITRUEVIC et al. 2001,
2003; KARAMATA 2006).

According to other opinions (e.g. BERNOULLI &
LAUBSCHER 1972; BAUMGARTNER 1985; PAMIC 1998;
PaMIC et al. 2002; CsoNTOS et al. 2003, 2004; BORTO-
LOTTI et al. 2004, 2013; BORTOLOTTI & PRINCIPI 2005;
ScHMID et al. 2008) all these ophiolites derived from
a single ocean and were thrusted onto the continental
margin of Adria. According to these interpretations,
continental (Drina—Ivanjica, Jadar, and East-Bosni-
an—Durmitor) blocks which separate two ophiolite
belts are tectonic windows below the obducted ophio-
lites, in which the most distal parts of Adria are expos-
ed (Fig. 1). This implies that ophiolites formed single,
continuous sheet referred to as the Western Vardar
Ophiolitic Unit that was obducted during the Late
Jurassic (CsoNTOS et al. 2003, 2004; SCHMID et al.
2008) and includes all ophiolites of the Dinarides west
of the Sava Zone. Subsequent out-of-sequence thrust-
ing resulted in formation of composite units made up
of the continental margin of Adria, ophiolitic mélange
and obducted ophiolites.

B Obducted Western Vardar Ophiolites
Jadar-Kopaonik thrust sheet

2] Drina-lvanjica thrust sheet

[ ] East Bosnian-Durmitor thrust sheet
[ ] External Dinarides (undifferenciated)

Dinarides

[ ] Sava Zone

[ Obducted Eastern Vardar Ophiolites
] Tisza Mega-Unit }

:I— Neotethys suture

Dacia Mega-Unit )
incl. Serbo-Macedonian Massif

“Europe”

Fig. 1. Tectonic sketch of the Dinarides (modified after SCHMID et al. 2008; SCHEFER et al. 2010), with indicated position of

the studied localities.

geologically extremely complex area composed of se-
veral tectonostratigraphic units in which oceanic sed-
iments, ophiolites and partly metamorphosed parts of
the distal continental margin of Adria are preserved.
Dinaridic ophiolites have been considered as rem-
nants of two different oceanic basins by majority of
Serbian authors working in the Dinarides (e.g., MAK-
SIMOVIC 1975; DIMITRUEVIC & DIMITRIEVIC 1973,
1974, 1975, 1976, 1979; PAMIC & MAJER 1977; KARA-
MATA et al. 1980; Pami¢ 1983; Lucovi¢c 1986; Ro-
BERTSON & KARAMATA 1994; KARAMATA et al. 1999;

Methods

Two samples were collected from chert blocks
found in the mélange in the vicinity of Jasenovo vil-
lage on SE flanks of Zlatibor Mt. All the productive
samples are radiolarian cherts and were treated with
diluted 7% hydrofluoric acid, following the method of
PESSAGNO & NEWPORT (1972). The radiolarians are ge-
nerally poorly preserved. The assemblages were dated
with the zonation of BAUMGARTNER et al. (1995). The
data obtained during the last 15 years show that some
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species have longer ranges than previously established
by BAUMGARTNER et al. (1995). The age assignments
are discussed below. Generic names have been updat-
ed according to O’DOGHERTY ef al. (2009).

The SEM microscope ISI-160 in GIN RAN (Mos-
cow) (sample ND 132) and JEOL JSM - 6460LV SEM
at the Department for Biology and Ecology, University
of Novi Sad (sample ND 108) were utilized for the
precise identification and illustration of the radiolari-
ans. All the material examined is deposited at the Fa-
culty of Mining and Geology, University of Belgrade.

Description of outcrops
and biostratigraphy

The studied samples were collected from two chert
outcrops on SE slopes of Zlatibor Mt. (Fig. 2).
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The locality Rauke is situated 3 km east of village
Jasenovo (x = 7412597, y = 4824315). It is about 1.5
m thick succession of greenish, dark gray and black
stratified chert with thin interlayers of siliceous shale
(Fig. 3). Average thickness of chert layers is 3—6 cm,
but it exceeds 15 cm in places.

Sample NP 132, taken at this locality, is character-
ized by a relatively poorly preserved radiolarian asso-
ciation. Presence of species Praewilliriedellum robus-
ta (MATSUOKA) indicates a latest Bajocian to early
Callovian age of the sediment (UAZs 5-7). The asso-
ciation can not be younger than the Callovian, which
is confirmed by the presence of species Belleza deco-
ra (RusT) whose last occurrence is in UAZ 7, (BAUM-
GARTNER et al. 1995). Besides these characteristic
species, the radiolarian association in the sample ND
132 comprises also Transhsuum maxwelli gr. (PEs-
SAGNO), Transhsuum sp. aff. T. maxwelli, Transhsuum

19°50' 20°00' 20°10"
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of Adria (Jurassic)

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

O 1 Locality Rauke
O 2 Locality Mari¢a Potok

Fig. 2. Simplified geologic map of the wider investigation area (modified after DIERIC et al. 2012).



16 NATASA GERZINA & NEVENKA DJERIC

Fig. 3. Chert block at the locality Rauke.

brevicostatum gr. (OzvOLDOVA), Tethysetta baloghi
(Kozur), Transhsuum sp., Napora sp., Stichomitra sp.
and Praewilliriedellum sp. (Fig. 4).

Transhsuum sp. cf. T. maxwelli gr., Eucyrtidiellum
ptyctum (RIEDEL & SAN FILIPPO), Zhamoidellum ven-
tricosum DUMITRICA, Zhamoidellum ovum DUMITRI-
CA, Zhamoidellum sp. cf. Z. ovum, Zhamoidellum sp.
cf. Z. kozuri (HuLL), Williriedellum frequens (TAN SIN
Hok) and Cryptamphorella sp. (Fig. 6).

According to BAUMGARTNER et al. (1995), the last
occurrence of Transhsuum maxwelli gr. is reported in
UAZ 10. Acording to the same authors, Zhamoidellum
ventricosum is known from the UAZ 8-11, but it has
recently been reported also from assemblages of UAZ
6-7 (e.g. SMuC & GORICAN 2005; O’DOGHERTY et al.
2006; CHIARI et al. 2013) and is no more considered to
have its first occurrence in UAZ 8. Zhamoidellum ovum
is, according to BAUMGARTNER ef al. (1995) known
from the interval Middle-Late Oxfordian to Late Kim-
meridgian—Early Tithonian (UAZ 9-11). However,
according to Suzuki & GAwLICK (2003), this species
has its first occurrence in Callovian. Also Cinguloturris
carpatica has its first occurrence in UAZ 7 (BAUM-
GARTNER et al. 1995). Originally, this zone comprised
the late Bathonian and early Callovian (BAUMGARTNER

Fig. 4.. Middle Jurassic radiolarians from the Rauke locality. 1, 2, Praewilliriedellum sp. cf. P. robusta (MATSUOKA), x300;
3, 4. Praewilliriedellum sp., x200; 5. Belleza decora (RUsT), x300; 6. Stichomitra sp., x200; 7. Tethysetta baloghi (KOzUR),
x200; 8, 9. Transhsuum maxwelli gr. (PESSAGNO), x200; 10. Transhsuum sp. aff. T. maxwelli (PESSAGNO), x200; 11.
Transhsuum sp., x200; 12. Transhsuum brevicostatum gr. (OZvOLDOVA), x200; 13. Napora sp., x200

At the locality Mari¢a Potok, in a creek near village
Jasenovo (x = 7411278, y = 4822274), there is an out-
crop of 8 m thick red thin-layered chert with thin
interlayers of siliceous shale (Fig. 5).

Sample ND 108, taken at this locality, contains the
following radiolarian association: Cinguloturris carpa-
tica DUMITRICA, Transhsuum maxwelli gr. (PESSAGNO),

et al. 1995). A diverse radiolarian assemblage of UAZ
7 was subsequently described from a sample above the
early Callovian ammonites, which led to the conclusion
that UAZ 7 is mainly Callovian in age (BECCARO 2006).

According to these data, this sample is not older
than the Callovian and not younger than late Oxfor-
dian—early Kimmeridgian.
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Fig. 5. Chert block at the locality Mari¢a Potok (Photo
courtesy of Milan Sudar and Divna Jovanovic¢).

been proven yet in the territory of Serbia. Radiolarian
cherts of Jurassic age, which represent the uppermost
part of the obducted oceanic crust, appear to be pre-
served in Albania only (e.g. CHIARI ef al. 1994; PRELA
et al. 2000).

Jurassic-age radiolarian cherts are also found as an
integral part of the “in situ” preserved passive margin
sedimentary sequence in the footwall of the ophiolitic
mélange (East-Bosnian—Durmitor and Drina—Ivanjica
units) (DIERIC et al. 2007, DJERIC et al. 2012, RADO-
ICIC et al. 2009). Such radiolarites were originally
deposited onto Triassic and Lower Jurassic carbona-
ceous platform sediments of the distal Adriatic mar-
gin. Parts of the sedimentary sequence of the passive
margin were subsequently torn-off and incorporated
in the mélange at the front of the obducting nappe.

Although there are outcrops of basalt pillow-lavas
in the immediate vicinity of the studied localities, no

Fig. 6. Middle to Late Jurassic radiolarians from the Mari¢a potok locality. Scale bar 50 pm (2—11); 100 pm (1).
1. Transhsuum maxwelli gr. (PESSAGNO); 2, 3. Transhsuum sp. cf. T. maxwelli gr. (PESSAGNO); 4. Cinguloturris carpathica
DUMITRICA; 5. Williriedellum frequens (TAN SIN HOK); 6, 7. Zhamoidellum ovum DUMITRICA; 8. Zhamoidellum sp. cf. Z. ko-
zuri (HULL); 9. Zhamoidellum ventricosum DUMITRICA; 10. Cryptamphorella sp.; 11. Eucyrtidiellum ptyctum (RIEDEL &
SANFILIPPO)

Discussion and conclusions

Middle Jurassic radiolarian cherts are abundant in
the region. A widely accepted opinion among Serbian
geologists (e.g. RADOVANOVIC 1987; KARAMATA 2006)
is that these rocks represent a sedimentary cover of
the Neotethyan oceanic crust. However, a clear asso-
ciation of Jurassic cherts with MOR basalts has not

stratigraphic contact with cherts has been observed.
This confirms previous observations that there are no
radiolarites associated with mid-ocean-ridge related
basalts which would represent the uppermost part of
the Jurassic oceanic crust in the Dinarides. Therefore,
the studied cherts probably did not derive from the
sedimentary cover of the ocean floor, but from the dis-
tal parts of the passive margin of Adria. Besides, field
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Fig. 7. Geological cross-section through the SE flanks of Zlatibor Mt. with indicated positions of the studied localities.

observations show that all these rocks are in a large
tectonic window below the Triassic carbonates of Dri-
na—Ivanjica Unit. Accordingly, radiolarian cherts from
the studied localities at the SE flanks of Zlatibor Mt.
represent blocks in mélange of the East-Bosnian—Dur-
mitor Unit (Figs. 2, 7).

The age of mélange formation, and hence of the
final stages of obduction of the West Vardar ophiolites
is equal to, or younger, than the youngest dated blocks
in the mélange. Radiolarian age obtained for the chert
block at the locality Rauke is rather similar to that of
the previously dated radiolarite blocks in the Serbian
Dinarides (GAWLICK et al. 2009; VISHNEVSKAYA et al.
2009; DJERIC et al. 2010). The radiolarian association
identified from the chert sample from the locality
Mari¢a Potok certainly represents the youngest so-far
determined age (Callovian — early Kimmeridgian) of
chert blocks in the mélanges in this part of the Dina-
rides. This implies a Kimmeridgian or younger age of
obduction of the West Vardar ophiolites. This age,
however, should be taken with extreme caution be-
cause such a wide age interval could be a result of low
diversity and poor-to-moderate level of preservation
of the analyzed radiolarian association. Nevertheless,
the obtained data perfectly comply with timing of
obduction of the Jurassic Neotethyan oceanic crust
based on radiometric ages (179-150 Ma) obtained
from metamorphic soles in the Dinarides and Helle-
nides (e.g. SPRAY et al. 1984).
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Pe3ume

biokoBu pokHaLAa Yy 0(PHOJIUTCKOM
Mesanxky 3aarudopa (J3 Cpouja) —
CTApOCT M re0OAMHAMHUYKE UMILINKALUje

[Tpenm3Ho onpehuBame CTAPOCTH Pa3INIUTHX OKe-
AHCKUX CeIMMEHATa je HeOIXOIHO 32 PEKOHCTPYKIIH]je
nangeoreorpa)CKux MPHIMKa U TeOTMHAMHYKE €BOITY-
IMje OKEaHCKUX 0aceHa M BUXOBUX KOHTHHEHTATHUX
MapruHa. ¥ TOM CMHCTy ce Omoctparurpadcka aHa-
TU3a PaJMONIAPH]CKUX acoIlfjalrja JaHac 4ecTo KO-
pucTH 3a oxpehuBame CTApOCTH IMENIAIIKUX MapHH-
CKHX CeIMMEeHara.

Jlocanamnima HCTpaKMBama PaJHOTAPHUjCKHX aco-
nyjanyja y YHyTpammuM [luHapuamma mokasyjy aa
ce y menamky J3 CpOuje Hamaze OJIOKOBU poXKHAIA
TpUjacKe ¥ jJypCKe CTapOCTH. TpHjacKu pOXHAIH
YIJIaBHOM TIPEZCTaBIbajy JeoBe okeaHcke kope Heo-
TeTHCa, JOK jypCKH TIPEACTaBIbajy CTpaTturpadcky
HOBJIATy TUIATOPMHUX KPeurhaKa TAJIOKEHHX Ha Ma-
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cuBHO] Mapruau Anpwuje (Hmp. DIERIC et al. 2007,
2012) nnm 6:10K0B€ Y O(YUOTUTCKOM METaHKY (POPMH-
paHoOM TOKOM 00yKIHje opronnTa Ha OOINKELY KOH-
tuHeHTaHy Mapruay (OBRADOVIC & GORICAN 1988;
VISHNEVSKAYA et al. 2009; DJERIC et al. 2010).

buoctparurpadcku moganm nobujeHu u3 OIoKoBa
y MeJNaHXKy Cy 3Ha4ajHH jep je CTapoCT MellaHXka, a
THME W BpeMe (pHHATHUX CTaaujymMa OOayKIuje 3a-
MagHO-BapAapCKUX O(QHUOIUTA IePUHUCAHA CTAPOIII-
hy Hajmmahux GrokoBa y MenamKy. Y OBOM paiy Ipe-
3€HTOBAHHU CYy PE3YJITATH NCTPAKUBAha OJIOKOBA POXK-
HaIla Ha JIBa JIOKAIUTETa y ONM3MHM cena JaceHOBO Ha
JU maguaama 3marnbopa.

Crapoct 010Ka poxHaIia Ha JJokaauTeTy Payke (ke-
JIOBEj) OArOBapa MPETXOAHO TOOWjEeHUM CTapOoCTHMa
ONTOKOBa JYPCKUX pajuoiiapuTa y Cprckom aeny Ju-
Hapuaa (GAWLICK et al. 2009; VISHNEVSKAYA et al.
2009; DIERIC et al. 2010). Pagunonapujcka acoruja-
uja u3 O1oka pokHalla Ha Jiokanutetry Mapuha mo-
TOK, Mel)yTum, mpencraBiba HajMmial)y o cama oxpe-
heny crapoct (kenoBej — JOBU KUMEPHUTI) POKHAIKUX
OnoxoBa y MeTaHXKy y oBoM jaeny [luHapuma.

OBo ynyhyje Ha KUMEPHUIICKY WA TIOCT-KHUMEPHII-
CKy OOIyKIHMjy 3amaHo-Bapaapckux opuonuta. OBy
cTapocT, MelyTum, Tpeba y3eTH ca U3BECHOM pe3ep-
BOM, jep OBaKO IMPOK BPEMEHCKH WHTEpPBaJT MOXKE
outu mobujeH ycnen cnabor AUBEp3UTETa W JIONIHje
O4YYBaHOCTH PaJHOJIAPHjCKE acolHjanyje. Y CBaKOM
ClTy4ajy, HOOWjeH! TOJAIM OAT0Bapajy BpeMeHy 00-
IyKIFje HEOTETHCKUX odromuTa M00HjeHOM paauo-
MeTpujckuM Metomama (179-150 Ma) u3 meramop-
(bHEX honoma y wHapumuma m XeneHuauMma (HIIP.
SPRAY et al. 1984).

Cpenmojypcku pokHaIM ce gecto cpehy Ha mpo-
cropy Yuyrpawmwux Junapuna. Illupoko pacmpo-
CTPameHO MUIIJbEHE Mel)y CPIICKUM reoio3nMa je j1a
OBE CTEHE TPE/ICTaBIbajy CEIUMEHTHH MTOKPOB OKEaH-
cke kope Heorermca. Melytum, jacHa acormmjamnmja
JYPCKHX pOXHama ca 0a3alTuMa CpeamhOOKEaHCKUX
rpebena Huje npoHaljeHa Ha mpocTtopy Cpowuje. Jyp-
CK{ paJinOJIapUTH ce Takole T0jaBIbyjy Kao neo “in
Sity” cadyyBaHMX CEJUMEHaTa MAacHUBHE MapruHe Yy
ronuHA oduoauTckor Menamxka (McrounobocaHcko-
nypMHuTOpcka U JlpuHCKO-MBamWYKa jequHUIa). Pa-
TUOJAPUTH CY TAJIOKEHHU TPEKO TPHUjaCKUX U JOHO-
JypckHux cenuMmeHata KapOoHaTHe riaTtdopMe a
TUcTatHoj Mapruan Anpuje. Jleo oBuX cenmnmeHara je
OTKMHYT Ca ITaCHBHE MapruHe W WHKOPIOPHpaH Y
MeJaHX Ha (POHTY OOAYKIIMIOHE HaBJIAKe.

Wako mocToje m3maHy 0a3anTHUX MHIIOY JiaBa Y
HEMOoCpeaHoj ONMM3WHM WUCTPAXUBAHUX H3JaHAKA,
HOpMaJilaH CcTparurpadCKi KOHTAaKT ca pPOXKHAIMMa
HUje 3amaxed. OBO je y CKIaay ca MPETXOAHHUM 3a-
KJby4lIIMa O HEIMOCTOjalky acolfjalrje jypCKux
paguonapuTa ca 0a3aJThiMa CpenmbOOKEaHCKOT Tpede-
Ha, OJJHOCHO TOPH-HUX JIEJIOBA JYPCKe OKEAHCKE KOpe Y
JduaapuanMa, Te UCTpaXMBaHW OJOKOBH pOXKHAIA
BEpPOBAaTHO TMOTHYY Ca AWCTAITHHUX JIeJOBa TAacCHBHE
MapruHe Anpuje. OcuM Tora, TepeHCKa UCTPAKIBAHA
MOKa3yjy Ja Ce€ OBE CTEHEe Hajla3e y BEIHUKOM TEeK-
TOHCKOM TIPO30pY UCTION TPHUjacKux KapOoHara J{puH-
CKo-uBamHuke jeauHmie. VMmajyhu cBe HaBemeHo y
BH[TY, PaINOJIAPH]jCKHA POYKHAIIN UCTPAKUBAHUX JIOKA-
mutera Ha CU magmaama 3marnbopa mpencTaBibajy
Os0KOBE Y MeTamKy McTouHO00CaHCKO-TypMUTOPCKE
JeIMHHIIE.





