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On the Graptolite Schists Formation (Silurian—Lower Devonian) in the

Carpatho-Balkanides of eastern Serbia
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Abstract. The fabric of the Silurian and a part of the Lower Devonian in the Carpatho—Balkanides of east-
ern Serbia, i.e. in two large geotectonic units, the Kucaj Unit (Getic) and the LuzZnica Unit (West Kraishte), is
reviewed in this paper. Silurian sediments of the Serbian part of the Carpatho—Balkanides are made of the
Graptolite Schists Formation, from the lower part of the acuminatus Zone at the Ordovician—Silurian boundary
to the transgrediens Zone at the Silurian—Devonian boundary. The presence of all parts of the Silurian is proved
on the basis of graptolite faunas: Llandovery (Rhuddnanian, Aeronian, Telychian), Wenlock (Sheinwoodian,
Homerian), Ludlow (Gorstian, Ludfordian) and Pridoli. Two Lower Devonian (Lochkovian) zones (uniformis
and hercynicus), with which the deposition of the Graptolite Schists Formation ended in eastern Serbia is also
described. Data on the geochemical characteristics of the Graptolite Schists Formation are presented as well.

Key words: graptolite schists, Silurian—-Lower Devonian, lithostratigraphy, biostratigraphy, Carpatho—Balka-
nides, eastern Serbia.

Amncrpakr. Y pajy je mpukasaHa rpaba cunypa u fena gomer jeBoHa y Kapnaro—6ankanuprma MCTOYHE
Cp6uje 1 TO y Be BeJHKE alldjcKe reoTeKTOHCKe jepmuune - Kydajckoj (I'etmk) m JIyskHHUKO] (3amagHO
Kpajumre). Cunypcke cenumeHTe cprckor jfena Kaprnaro—6ankanuga mirpabyje dopmanmja rpanTonuTCKuX
HIKpUJbala, IOYEB Off ROMET flejIa 30HE dacuminatus Ha TPAaHUIY OPROBHUIUjYM—CUIIYp JIO 30HE transgrediens Ha
rpaHuiy cuinyp—feBoH. Ha ocHOBY (hpayHe rpanTosuTa JoOKa3aHo je IPUCYCTBO CBHUX OfieJbaKka CHIIypa U TO: JIaH-
noBepuja (Rhuddnanian, Aeronian, Telychian), Bennoka (Sheinwoodian, Homerian), magioa (Gorstian, Ludfordian)
u nmmponuja. Onucane cy u ABe gowoneBoHcke (Lochkovian) 30He — uniformis u hercynicus, Kojuma ce 3aBpiuaBa
Tajoxeme (popManyje IpalTONUTCKUX IIKpuibana y ucrouyHoj Cp6uju. JJaTé cy M HOfanyd O IeOXEMMjCKUM
KapakTepucTiukama opMalyje rpanToIUTCKUX IIKPUIbala.

Kibyune peum: rpanToNuTCKH IIKPHUIBLM, CHIYP—AOHH AEBOH, JUTOCTparurpaduja, Guocrparurpaduja,

KapnaTo-6ankanupu, ucroyna Cpouja.

Introduction

Research on Silurian sediments of eastern Serbia start-
ed in the middle of the last century with the finding of
graptolites in the vicinity of Zvonacka Banja in south-
eastern Serbia (ZAFIROV, 1942, 1950) and between Gar-
vanica and Cuka on the foothills of the Rtanj Mt. (PET-
KOVIC, 1954). Subsequently, VESELINOVIC (1959) and
MIHAILOVIC (1959, 1961) published results of their re-
search on Silurian graptolites in the vicinity of Zvonac-
ka Banja, while KRrsTIC (1959, 1960, 1961) published re-
sults of his investigations of newly discovered localities

of Silurian in the area of the Kucaj Mts. During the next
ten years, investigations were directed toward discover-
ing as many localities with graptolite faunas as possible
and the determination of the collected material. VESELI-
NOVIC (1964, cum lit.) published the results of his rese-
arches on Lower Paleozoic facies of eastern Serbia and
the determination of graptolite faunas which he collect-
ed himself. Results of research on the Silurian graptolites
collected in the areas of the Zvonacka Banja, the Rtanj
Mt. and the Kucaj Mts. were published by MIHAJLOVIC
(1974, cum lit.), while those from the area of the Kucaj
Mts. were also published by KrsTiC (1984, cum. lit.).
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At the beginning of the eighties, research on the
Paleozoic sediments of eastern Serbia started within the
scope of the Project A, of the Thematic Geologic Map
1:50 000. The research was directed toward the deter-
mination of the composition and genetic characteristics
of sediments of the Caledonian—Hercynian sedimenta-
tion cycle (Ordovician—-Lower Carboniferous), as well
as to the reconstruction of geological columns of cer-
tain systems of beds. The column of the Silurian was
already relatively well known then, due to the help of
experts in graptolites, such as B. BouCek (Prague) and
H. JAEGER (Berlin). They published results of their re-
search particularly on the upper parts of the Graptolite
Schists Formation in eastern Serbia, the Upper Ludlow,
Pridoli and Lochkovian (BOUCEK et al., 1976; JAEGER
in KR1Z et al., 1986). Beside graptolites, research was
also aimed at Upper Ludlow conodonts (KRSTIC & Su-
DAR, 1990) from the Silurian of the Kucaj Mts.

Reconstruction of the depositional environments of
the marine Paleozoic of the Kucaj zone of the Hercy-
nides of eastern Serbia (Getic) was published by Krs-
TIC & MASLAREVIC (1990).

Geological setting
Kucaj Unit

Silurian sediments have significant extension within
the largest Alpine structural unit of the Carpatho—Balka-
nides of eastern Serbia — the Kuc¢aj Unit (Getic) (Fig. 1).
They are found in the base of two large anticlines — the
Kucaj anticline in the north and the Kusa Vrana anti-
cline in the southeast. They are represented by the
Graptolite Schists Formation, beginning with the lower
part of the acuminatus Zone at the Ordovician— Silurian
boundary and ending with the Lower Devonian grapto-
lite hercynicus Zone (Fig. 2). The sediments are fold-
ed in a system of isoclinal folds, in places broken in
the hinges parallelly to the axial surfaces. After break-
up, reverse movements of the limbs of the faults oc-
curred and imbrication fabric of the Hercynian core
was formed. For this reason, the column of Silurian se-
diments could have been reconstructed exclusively on
the basis of graptolite faunas.

The Ordovician—Silurian boundary Llandovery

These sediments are located in the lower course on
the river Bogovina, between StraZza and Bogovinski Ka-
men, about 6 km WNW of Bogovina. They outcrop in
the classical Silurian locality of the Kucaj Mts. (KRrs-
TIC, 1960; VESELINOVIC & KRSTIC, 1970; KRSTIC, 1984).
In addition to the Upper Ordovician (Hirnantian), the
same section exposes Lower Llandovery sediments in a
length of tens of meters. The oldest stratigraphic unit
is made of grey-green foliated to thin-bedded meta-
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Fig. 1. Main geotectonic units of eastern Serbia (KRAUTNER
& KRsTIC, 2001, simplified). VCM = the Vrka Cuka-Miro¢
Unit (Lower Danubian); SPP = the Stara Planina—Pore¢ Unit
(Upper Danubian); KU = the Kucaj Unit (Getic); LU = the
Luznica Unit (West Kraishte); RV = the Ranovac—Vlasina
Unit (Supragetic); SM = the Serbian-Macedonian Unit. Di-
stribution of the Graptolite Schists Formation in KU and LU
is marked by the black areas.

shales (equivalent to the Cerecel beds of Bulgaria) in
a visible thickness of about 30 meters. It is overlain by
a set (about 8 m) of grey or 30-50 cm thick dark grey
fine-to-medium-grained quartzose metasandstone beds,
interstratified by thin metasiltstones. The sandstones ex-
hibit gradation: medium-grained metasandstone-meta-
siltstone, and load casts with distinct lower surfaces.
The metasandstones contain Upper Ordovician acri-
tarchs: Lophosphaeridium citrinum, L. parverarum, L.
cf. papilatum, Lophosphaeridium sp., Brochopsopho-
sphera cf. wralica, Trachipsophosphaera sp., Leio-
sphaeridia sp. type C, Leiomarginata simplex, Prisco-
gallea sp., ?Tylotopallia sp., Michrystridium palidum
(ERCEGOVAC & DAIC, 1996). In the uppermost part of
the metasandstone set of beds, there are fragments from
deeper Ordovician levels: metasandstones, metasilt-
stones and metashales. The metasandstones are overlain
by graphitic metapelites (0.5 m) bearing graptolite
Glyptograptus sp. and graphitic metapelites and lydites
of the acuminatus Zone (association: Climacograptus
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>A w GRAPTOLITE BIOZONES
ES | &0 STAGE
>~ 83 5 8 AGE HARLAND et al. (1989) EASTERN SERBIA
N A~ »n | (this paper)
D, Lower | Lochkovian Monograptus he;jcynzc.us her.cynzc.us
Monograptus uniformis uniformis
Pridoli Monograptus transgrediens transgrediens
Sy Monograptus parultimus parultimus
Ludfordian Bohemograptus. ' . inexpectatus
2 Saetograptus leintwardinensis leintwardinensis
Z, 2 Pristiograptus tumescens
'g Gorstian Saetograptus incipiens
__1 Lobograptus scanicus nilssoni-scanicus
< Ss Neodiversograptus nilssoni
) Monograptus ludensis
. Homerian Gothograptus nassa nassa
v 5 . o .
o Cyrtograptus lundgreni lundgreni-testis
° Cyrtograptus ellesae
~ = Monograptus flexilis
o ..
3 Sheinwoodian Cyrtograptus rlgtdus .
Monograptus riccartonensis
- Cyrtograptus murchisoni murchisoni
S, Cyrtograptus centrifugus centrifugus
— grandis
Monoclimacis crenulata spiralis (crenulata)
Telychian Monoclimacis griestoniensis griestoniensis
— Monograptus crispus
>‘ . . . .
Z Monograptus turriculatus turriculatus-crispus
n 3 Monograptus sedgwickii linnaei
© . Monograptus convolutus ) ) )
": Aeronian argentus Fig. 2. Correllation of the graptolite
= Coronograptus gregarius magnus zones of eastern Serbia with the
~ triangulatus| triangulatus graptolite biozones according to
Coronograptus cyphus cyphus HARLAND et al., 1989 and subdivi-
Rhuddanian Cystograptus vesiculosus vesiculosus sion of the Silurian from the Inter-
1 Akidograptus acuminatus acuminatus national Strati gra phlc Chart of ICS
(0] Upper Hirnantian Glyptograptus persculptus (GRADSTEIN et al., 2004).

trifilis, Cl. scalaris miserabilis, Mesograptus modestus,
Parakidograptus acuminatus, Dimorphograptus, as well
as Cystograptus vesiculosus). (BOUCEK, 1965; MIHAJ-
LOVIC, 1974; KRSTIC, 1984; KRSTIC & MASLAREVIC,
1998).

The set of sandstone beds underlying the graptolite
schists of the acuminatus Zone is definitely at the top
of the Upper Ordovician, Hirnantian, and it is correlat-
able with similar deposits of the Kosovo Formation of
the Czechish Barandium (STORH, 1986) or the Sirman
Formation of the Sofia Stara Planina in Bulgaria (Sa-
CANSKI, 1993, 1994).

Little information is available about the depositional
environments of the Upper Ordovician sediments. The
Upper Ordovician is likely to be equivalent to glacial
marine deposits. Evidently, a sudden change in materi-
al, i.e. rapid input of detrital materials, and probably a
climate change occurred in the Upper Ordovician.

An identical Upper Ordovician and Lower Silurian
section, which includes the uppermost Ordovician, the
Ordovician—Silurian boundary and the lowermost Si-
lurian, is recognized west of the Kucaj Mts. in the Gor-
njak—Ravanica structural unit (nappe), in the valley of

the river Kréeva Reka, south of Samanjac. It is from
this section that KRrSTIC (1966, 1984) described green
mottled argillaceous schists (equ. the Cerecel beds of
Bulgaria), Upper Ordovician greenish medium-grained
sandstones (about 6 m) and the overlying graptolite
schists, lydites and sandstones bearing an association of
the lowest Silurian acuminatus Zone, viz.: Glyptograp-
tus cf. persculptus, Diplograptus modestus modestus,
Climacograptus sp. (from the lower acuminatus Zone)
and Climacograptus medius, Cl. scalaris miserabilis,
Cl. scalaris normalis, Cl. rectangularis, Cl. trifilis, P.
acuminatus acuminatus and Climacograptus sp. (from
the upper acuminatus Zone).

At the cross-section in the river Bogovinska Reka,
between Straza and Bogovinski Kamen, besides the
acuminatus Zone, there is an association of graptolites
of the following, vesiculosus Zone of the Lower
Llandovery — (Rhuddanian): Cystograptus vesiculosus,
Dimorphograptus confertus, D. confertus swanstoni and
D. cf. extenuatus; as well as an association of the cy-
phus Zone: Diplograptus modestus Cystograptus vesi-
culosus, Climacograptus longespina, Cl. medius, CI.
scalaris normalis, Pseudoclimacograptus hughesi, Rha-
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phidograptus tornquisti, Rastrites longispinus, Pernero-
graptus revolutus austerus, Dimorphograptus confertus,
D. confertus swanstoni, Pristiograptus argutus, Pr.
concinuus, Pr. sandersoni and Coronograptus cyphus.

The Llandovery in the cross-section in the river Bo-
govinska Reka ends with the first zone of the middle
part of the Llandovery (Aeronian) — the triangulatus
Zone, with the following association: Climacograptus
longespina, Cl. medius, Cl. scalaris normalis, Rhaphi-
dograptus tornquisti, Demirastrites triangulatus, Rastri-
tes longispinus, Pristiograptus concinuus, Coronograptus
cyphus, Pr. sandersoni, and others (MIHAJLOVIC, 1974).

The upper parts of the Aeronian are found northwest
from Bogovinski Kamen, on the right and left river-
banks of the river Bogovinska Reka. Platy, in places,
laminated lydites were found here in alternation with
black siliceous metaclaystones with a rich association
of graptolites from the linnaei Zone (VESELINOVIC &
KRrsTIC, 1970; KRSTIC, 1973; MIHAILOVIC, 1974): Glyp-
tograptus cf. incertus, Petalolithus elongatus elongatus,
P. giganteus, P. palmeus, P. cf. conicus, P. ovatus, Re-
tiolites (Pseudoretiolites) dentatus, Monograptus halli,
M. becki, M. marri, M. (Streptograptus) exiguus primu-
lus, M. (Streptograptus) pseudobecki, Cephalograptus
cometa extrema, Climacograptus scalaris, Pseudopleg-
matograptus longispinus, Spirograptus circularis, Spi-
rograptus planus, S. proteus, S. turriculatus minor, Di-
versograptus capilaris capilaris, Rastrites linnaei, R. dis-
tans, R. fugax, Pristiograptus jaculum, Pr. nudus and
Pr. variabilis.

The fossiliferous level of this zone is about 2 meters
thick and, in the next 1.5 meters, there is an association
of the following, younger zone of the Upper Llandovery
— from the base of the Telychian — the furriculatus Zone.
Association of this Zone is composed of: Petalolithus
altissimus, P. elongatus, P. giganteus, P. palmeus, Re-
tiolites robustus, Monograptus becki, Monograptus (Mo-
nograptus) marri, M. galaensis, M. (Monograptus) pan-
dus, M. (Monograptus) dextrorsus, M. (Globosograptus)
crispus, M. (Streptograptus) exiguus exiguus, Spiro-
graptus turriculatus turriculatus, S. planus, S. proteus,
Rastrites distans, Demirastrites pragensis ruZickai, Pri-
stiograptus nudus and P. variabilis (VESELINOVIC &
KRrsTI¢, 1970; KRSTIC, 1973; MIHAJLOVIC, 1974).

On the same cross-section, MIHAJILOVIC (1974, p. 157)
adds another, younger — crispus Zone, with the follow-
ing association: Retiolites robustus, Pseudoplegmato-
graptus sp. aff. obesus, Monograptus cf. acus, M.
galaensis, M. marri, M. veles, Globosograptus cf. bar-
randei, G. crispus, Streptograptus exiguus, Spirograptus
proteus and Pristiograptus nudus, to the above men-
tioned zones.

Younger zones of the Telychian are found on the
section of the Silurian in the river Vejska Reka on the
Kucaj Mts., but they are not sufficiently studied. This
part of the Upper Llandovery is made of grey thin-bed-
ded metaclaystones with Spirograptus spiralis cf. con-
tortus and Globosograptus singularis singularis, ac-

cording to which the part of the column between the
crispus and crenulata zones can be determined with a
certain reserve. Several meters further, there are Retio-
lites geinitzianus angustudens and Demirastrites cf.
pragensis, which indicate the presence of the griesto-
niensis Zone (KRSTIC, 1966, 1984).

The upper part of the Lower Silurian — Telychian is
well documented on the section of Baciste in Zvonacka
Banja, from where MIHAJLOVIC (1974) proved the pres-
ence of the following zones of this part of the Silurian
— turriculatus, crispus, griestoniensis, crenulata, spi-
ralis and grandis.

In the association of the turriculatus Zone (thickness
1 m), there are Pseudoplegmatograptus obesus, Mono-
graptus becki, M. veles, M. marri, Spirograptus proteus
and Spirograptus turriculatus. In the next 2 meters,
there is a rich association of graptolites from the cris-
pus, griestoniensis and crenulata zones which have not
been separated. The following association has been
found in this part: Retiolites geinitzianus angustidens,
Orthograptus pigmeus, Pseudoplegmatograptus obesus,
Monograptus galaensis, M. tortilis, M. veles, Globo-
sograptus singularis, Streptograptus exiguus, Monocli-
macis griestoniensis, M. crenulata, Spirograptus arcu-
atus, S. tullbergi, S. flagelaris, S. tullbergi spiraloides,
Pristiograptus nudus, P. pergratus, P. prandtli, Diver-
sograptus capilaris pergracilis.

This association is followed by the next one which
is found in the spiralis Zone: Retiolites geinitzianus,
Pseudoplegmatograptus obscurus, Monograptus praece-
dens, M. priodon, M. probosciformis, Globosograptus
sartorius, G. singularis mancki, G. wimani, Streptograp-
tus nodifer, Monoclimacis vomerina, Spirograptus spi-
ralis, Cyrtograptus lapworthi, Barrandeograptus pulchel-
lus, Pristiograptus largus and Diversograptus ramosus.

The Llandovery ends with 1 m of thick black slaty
siltstones with the association of the grandis Zone:
Retiolites geinitzianus, Stomatograptus grandis, S. gran-
dis imperfectus, Monograptus priodon, M. probosci-
formis, Monoclimacis linnarsoni, M. vomerina and Bar-
randeograptus pulchellus.

The Wenlock

Sediments of the Lower Wenlock (Sheinwoodian)
are documented in the vicinity of Zvonacka Banja and
on the Kucaj Mts.

In the vicinity of Zvonacka Banja (creek Zajednica,
i.e. creek Dupski Potok), the thickness of the beds of
the Lower Wenlock do not exceed 2 m. This part of
the Silurian is composed of black metasiltstones,
graphitic in places, with graptolites coated with gym-
belite, which gives them a silvery shine. In these beds,
MiHAILOVIC (1974) described the following association
of graptolites: Retiolites geinitzianus, Monograptus pri-
odon, M. pseudocultellus, Stomatograptus grandis mai-
or, Mediograptus kodymi, M. kolichai, Monoclimacis
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cf. linnarsoni, M. vomerina, Cyrtograptus centrifugus,
C. insectus, Barrandeograptus pulchellus and Pristio-
graptus praedubius. This association corresponds to the
first zone of the Lower Wenlock, the centrifugus Zone.

The next, younger zone of the Lower Wenlock was
proved on the Kucaj Mts., in the area of the origin of
the river Bogovinska Reka, between Brosée and Kraku
Jano$. KRsTIC (1984) cited the following association of
graptolites in thin-bedded metaclaystones: Monograptus
(Mediograptus) kolihai kolihai, M. (Monograptus) pri-
odon, Monoclimacis vomerina, M. vomerina gracilis,
Cyrtograptus (Cyrtograptus) murchisoni murchisoni, C.
(Cyrtograptus) murchisoni bohemicus, C. (Barrandeo-
graptus) pulchellus, Retiolites geinitzianus. Such asso-
ciation of graptolites can be found in the Lower Wen-
lock, in the murchisoni Zone.

Sediments of the Upper Wenlock (Homerian) were
found on numerous localities on the Kucaj Mts. and in
the vicinity of Zvonacka Banja.

In the area of the Kucaj Mts., sediments of the Upper
Wenlock are found in the river Bogovinska Reka (NW
from Bogovinski Kamen), in the areas of the origin of
the rivers Bogovinska Reka (east of BroSce) and Rado-
vanska Reka, in Vejska Reka (spring Klencuski Potok),
and in the river Kréeva Reka. The following fossils are
most often found: Cyrtograptus lundgreni lundgreni, C.
hamatus, Monograptus flemingi flemingi, M. testis testis
and Pristiograptus pseudodubius, which points to the
Upper Wenlock — the lundgreni-testis Zone. In the area
of Zvonatka Banja, sediments of the Upper Wenlock
were found on several localities. They are represented by
platy metasiltstones and black graphitic metaclaystones
with associations of graptolites of the lundgreni-testis
and nassa zones, which have not been separated, even
the fossiliferous level is about 6 m thick. MIHAJLOVIC
(1974) cited the following association of graptolites from
the cross-section of the Upper Wenlock in the river
Blatanica, south of Zvonacka Banja: Monograptus fle-
mingi, M. subflexilis, M. testis, Monoclimacis flumen-
dosae, Cyrtograptus hamatus, C. lundgreni, Pristiograp-
tus ex gr. dubius, P. pseudodubius and Diversograptus
gracilis, as well as Plectograptus praemacilentus, Mo-
nograptus testis inornatus, Cyrtograptus radians. They
are replaced by an association with Gothograptus nassa,
Monograptus flemingi, M. testis, Cyrtograptus hamatus,
C. lundgreni. A similar association has also been found
on Baciste, in the springs Dupski Potok, Suskovica, Ja-
senov Do, and in the spring Blatna Dolina.

The Ludlow

The Lower Ludlow (Gorstian) is present in all local-
ities where sediments of the Upper Wenlock, which
gradually transit into sediments of the Lower Ludlow,
are documented. This part of the Ludlow is proved on
the Kucaj Mts. and in the vicinity of Zvonacka Banja.
It is represented by associations of graptolites of the

nilssoni and scanicus zones, which have not been sep-
arated. This part of the Silurian is most completely de-
veloped in Zvonacka Banja, from where MIHAJLOVIC
(1974) cited the following association, from the valley
of the river Blatanica: Monograptus uncinatus, Neo-
diversograptus nilssoni, Pristiograptus bohemicus, P.
vulgaris, Colonograptus colonus, Saetograptus himmae-
ra. There are also Globosograptus crinitus, Lobograp-
tus scanicus, Neodiversograptus nilssoni, Pristiograptus
bohemicus, P. butovicensis, P. dubius ludlovensis, Sae-
tograptus himaera, Lobograptus scanicus, Linograptus
posthumus tenuis, Pristiograptus bohemicus, P. dubius
ludlovensis. A somewhat more varied association was
found in the vicinity of Zvonacka Banja, on the line of
a former mine track, where, besides the above men-
tioned species, there are also: Plectograptus macilentus,
Spinograptus spinosus, Monograptus uncinatus, Globo-
sograptus crinitus, Lobograptus scanicus, Neodiverso-
graptus nilssoni, Pristiograptus gotlandicus and others.

In the area of the Kucaj Mts., at the well-known
cross-section of Silurian sediments in the river Vejska
Reka (spring Klencuski Potok), above the schists with
graptolites of the nilssoni-scanicus Zone, there is about
60 cm of thick stratified limestones with rich associa-
tion of conodonts, composed of the following multiele-
ments: Kockelella variabilis, Ozarkodina confluens,
Ozarkodina excavata excavata, as well as of the “form
species” forms: Polygnathoides siluricus, Ligonodina
salopia, Lonchodina walliseri and Pseudooneotodus
beckmanni. This association of conodonts comes from
the siluricus Zone (KRSTIC & SuDAR, 1990), which is
in the base of the Upper Ludlow (Ludfordian) — the
equivalent of the graptolite leintwardensis Zone.

Only one, but very significant and guide zonal spe-
cies — Neocuculograptus inexspectatus inexspectatus,
which appears in association with Bohemograptus cf.
tenuis and Pristiograptus sp. (BOUCEK et al., 1976), is
described from the Upper Ludlow (Ludfordian) of Zvo-
nactka Banja.

The Pridoli

Sediments of the Pridoli have been proved only in
the vicinity of Zvonacka Banja (Zajednica i.e. Dupski
Potok). This part of the Silurian is made up of black
silty metaclaystones with anthracite, which contain an
association of graptolites that form the parultimus Zone
from the base of the Pridoli: Monograptus parultimus,
M. fragmentalis, Formosograptus formosus, Pristio-
graptus cf. kolednikensis and Linograptus posthumus
(BOUCEK et al., 1976; JAEGER in: KRi1Z et al., 1986).

The Silurian-Devonian Boundary

The uppermost zone of the Pridoli — the transgredi-
ens Zone was found on the hill Varni¢e above Zvonac-
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ka Banja. The top of the Silurian is made up of black
metaclaystones which contain Pristiograptus transgredi-
ens (JAEGER in KRi1Z et al., 1986). The Silurian—De-
vonian boundary is also present on this cross-section,
because the transgrediens Zone is continually replaced
by graptolite associations of the following, Lower De-
vonian (Lochkovian) uniformis Zone: Monograptus uni-
formis, M. uniformis angustidens, M. aequabilis aequa-
bilis, M. microdon microdon, Linograptus posthumus
posthumus, Abiesgraptus sp. (BOUCEK et al., 1976).
Above the uniformis Zone, there is the last graptolite
zone in eastern Serbia, marked with occurrence of the
species Monograptus hercynicus (VESELINOVIC, 1973),
with which the deposition of the Graptolite Schists For-
mation ends (Akidograptus acuminatus — Monograptus
hercynicus). After the hercynicus Zone, the conditions
of sedimentation rapidly changed and sediments of a
balanced basinal facies prograde upwards in an associ-
ation of unbalanced preflysch sedimentation (lack of
balance between sedimentation and deposition). Pre-
flysch is represented by siliceous metaclaystones, lam-
inated lydites and cherts, metasiltstones, dolomitic lime-
stones, thick beds of sandstones and, occasionally by
turbidites. These sediments are about 100 meters thick
and they are located between the graptolite schists and
the Upper Devonian-Lower Carboniferous flysch (Fa-
mennian—Viséan) (KRSTIC & MASLAREVIC, 1990).

The LuzZnica Unit

The Silurian Formation of Graptolite Schists has also
been found in the LuZnica structural unit (West
Kraishte), which is located west of the Kucaj Unit
(Getic) (Fig. 1). It should be emphasized that the Pa-
leozoic sediments of the LuZnica Unit were deposited
in an independent sedimentary basin. This basin was
located west of the Getic one from which it was sep-
arated by the Ozren—Baikalian paleostructure (land)
(KRrsTIC, 1984). There was no sedimentation on this
land during the Lower Paleozoic and, in the whole ter-
ritory of eastern Serbia, over the Upper Proterozoic
crystalline schists there are lacustrine sediments of the
Upper Carboniferous or the Permian Red Sandstones.

Sediments of the Lower Paleozoic of the LuZnica
Unit are today in a zone of nappes. In most part of
their extension, they make a tectonic footwall of Paleo-
zoic schists of the Supragetic, which are metamor-
phosed under conditions of greenschist facies and
thrusted over them. As they themselves were moving
eastwards and thrusting over a large number of geolog-
ical units of different age, the Lower Paleozoic sedi-
ments of the LuZnica Unit are very much altered kine-
matically and significantly metamorphosed in places.

The Silurian of the LuZnica Unit is made up of
metasiltstones, siliceous metaclaystones and lydites,
which were discovered between Miljkovac and Rujnik,
north of Ni§ (Fig. 1). An association of graptolites

composed of: Retiolites geinitzianus angustidens, Mo-
nograptus veles, M. cf. parapriodon, M. (Globoso-
graptus) cf. singularis, Monocliacis crenulata, Monocl.
griestoniensis griestoniensis, Monocl. vomerina vomeri-
na, Spirograptus falx, S. spiralis spiralis,, S. tullbergi
tullbergi and S. tullbergi spiraloides (this is the typical
association of graptolites of the uppermost zone of the
Upper Llandovery, crenulata Zone) comes from an
about 0.5 m thick fossiliferous level (KRSTIC, 1984).

Geochemistry

The Graptolite Schists Formation are deep water sed-
iments (LJ. MASLAREVIC, unpublished data). DT and TG
analyses proved a content of 3-4% of bituminous organ-
ic matter of coaly-anthracitic character, which originates
from the graptolites. An increased content of uranium,
from 7 to 16 g/t, was determined by chemical analyses.
High V/Cr (12-20) and V/Mo (20-120) ratios, accord-
ing to KUKAL (1971), represent a characteristic of deep-
water sapropel. The content of Ba rises, however, with
salinity, so the found quantity, according to this author,
corresponds to the salinity 34-35%, while the low Cr/V
(0.05-0.08) and Cr/Ni (0.7-0.8) ratios point to sedimen-
tation far from the coast. The sediments originated by a
calm and slow deposition in an environment poor in free
oxygen. The sea bed was poorly fed and flows along the
sea bed were weak so they occasionally moved just mud
and organic matter for laminar sedimentation.
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Pe3ume

O ¢opmanmju rpanToIMTCKNX
IIKPWbana (CHIyp-10mbHU NEBOH) Y
Kapnaro-6ankannguma ucroune Cpouje

Y paay je npukasaH CUIYp U JIeO JOHET JIEBOHA Y
Kapnaro-6ankanugnma ucroune CpOuje Koju ydec-
TBYjy y Tpabu ABe Bennke ANMNujcKe CTPYKTYpPHE jeu-
Hune - Kyuajcke (I'etnk) u Jlyskamake (3amagao Kpa-
juire). Y oBOM BpeMeHCKOM uHTepBany y Kyudajckoj
jemIMHAIOM CcTBapaHa je (opMmanuja TI'panTOJIUTCKUX
HIKpHIbana, Io4YeB of 6a3e CHIypa — HOeT Aelia 30He
acuminatus, Ha TPaHULU OPJOBULY]yM—CHIIYD, 3aKIbyY-
HO ca 30HOM hercynicus nomer aeBoHa (Lochkow-a).
Ha ocHoBy rpanTonuTtcke ¢ayHe y OBOj jeAMHHUIN je
JIOKa3aHO MPUCYCTBO CBUX OfieJbaKa CIITypa M TO: JIaH-
noBepuja (Rhuddanian, Aeronian, Telychian), BeHioka
(Sheinwoodian, Homerian), mangmoa (Gorsian, Ludfordi-
an), MIIUONKMja KA0 U TOHOKApOOHCKOr JIOXKOBA, ca
KOJUM Ce 3aBpllIaBa TaJoXeme hopManyje rpanToIuT-
CKHX HIKpuibana y ucrouHoj Cpouju.

CeguMmeHTH (popMalyje IPanTOIUTCKUAX HIKpUIbala
(MeTaaJeBpONUTH, MeTarmuHIy, pebe u muauTH) yo-
paHu Cy Yy CUCTEM H3OKIMHUX Habopa, MECTHMHYHO
PacCKMHYTHX y TEMEHY MapajelIHO aKCHjaJIHUM IMOBp-
mmHama. Kpuna Ha6opa (dm-hm gumensuja) cy mocie
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packujamba peBEpPCHO KpeTaHa 4YHMME je CTBOpEHa
Kpasbymacta rpaba xepnumHCKOr jesrpa. 36or Tora je
cTy0 opmanyje TpanTOIUTCKUX IIKpHiballa MOTao
OWUTH PEeKOHCTPYHCaH UCKIBYUINBO NoMOhy chayHe rpam-
TOJIUTA, YMjU MHOTH POJIOBU M BPCTE MMajy Majio Bep-
THUKAIIHO a MIMPOKO XOPU3OHTAIHO PaCIpOCTPABEHE,
a IpefcTaBibajy riobaaHe pykoBofehe gocuie.

CenpumenTn opmalje rpanToIUTCKUX MIKpUbala
JIyXXHWYKE jefiHUIIE OTKPUBEHM Cy Ha MaJjoj MOBPIIH-
HU. Ilaneo30jcku ceUMEHTH OBE jefMHULE TaJOKEHU
Cy y HE3aBUCHOM CEMMEHTAIMOHOM 0aceHy KOju je Off
Kyuajckor (Tetckor) 6mo opBojeH KomHOM (O3peH-
CKO—0ajKaJICKO KOITHO), Ha KOME TOKOM CTapujer maje-
o3omka Huje O6mwino ceguMmeHTanuje. Ha O3peHcKOM
KOIHY, mpoM uctouHe Cpb6uje, MpeKo KpHCTaIacTuX
HIKpHJballa TOPH-ET MPOTEPO30HKa JIeKe je3ePCKH CeMlu-
MEHTH TOpmer KapOOHAa WM TBOPEBHHE IEPMCKUX
[PBEHUX Teryapa.

CequMeHTH CTapHjer najieo30uKa JIYXKHUYKE jefu-
HUIIE /laHaC ce Haja3e y 30HM HaBnaka. OHM y HajBeheM
IeNy CBOT pacnpoCTpamemha YMHE TEKTOHCKY IOUHY
najgeo3ojckuM MmKpmwbnuMa CynpareTukyma, MeTa-
Mop¢ucaHuM y ycioBuMa (amnuje 3eJeHUX MKPUIbana,
KOjU Cy Ha BUX HaBy4eHu. ITomTo cy u camMu KpeTaHu
Ka UCTOKY W HaBJaUeHH MPEKO YNTABOT HHU3a T'€OJIOI-
KUX jeUHNIA PA3JIMYUTE CTAPOCTU CTapOIalie030jCKU
cequMmeHTH JIy>KHUYKE jeMHUIE CYy jaKO KMHEMaTCKA
U3MEHEHN U 3HATHO METaMOP(HCaHH.

[1a nmak, MeTaaneBpONUTH, CUITUIIMO3HN METATJINH-
1 ¥ JWIUTH, OTKpuBeHN m3Meby MwuibkoBna u Pyj-
HHUKa ceBepHO of Huma cajgpske peinaTUBHO GoraTy
IPanTONIUTCKY aCOLMjalllljy TOPHEr JieJa NOWmET CUIY-
pa, u3 30He crenulata.

dopmanyja rpanTONUTCKUX IKpUiballa MpeicTaBba
cequmenTe nyoibe Bofie. DT u TG ananu3ama yTBpbeH je
caapkaj of 3-4% OWTYMWHO3HE OpraHcke MmaTepuje
YIIbEBATO—aHTPALUTCKOT KapakTepa IOPEKIOM Off
rpanTojuTa. XEMHUjCKUM aHajlu3aMma YTBpbeH je mo-
BehaH caspkaj ypana, on 7-16 gr/t. Bucok ogaoc V/Cr
(12-20) u V/Mo (20-120), mo Kukaru (1971) mpen-
CTaB/ba KapaKTEPHUCTUKY AYyOOKOBOJAHOI calpoIena.
Capnpxaj Ba pacre, mak, ca caJTMHATETOM, TaKO [a Ha-
bena KonmumHa, M0 OBOM ayTOPY, OIrOBapa CaJIMHUTETY
of 34-35%, a um3ak ogHoc Cr/V (0,05-0,08) u Cr/Ni
(0,7-0,8) yka3yje Ha cemUMEHTAILHjy AJIeKo of obaie.
CenMeHTH Cy HACcTalIW MUPHUM W JIaraHUM TajloXKe-
EM, y CPEIVHU CUPOMAIITHO] CITOOOIHUM KHCEOHHKOM.
Mopcko HO je 6mio cnnaGo XpameHo, a TeUeHha IPH THY
cnaba, Tako Jia cy MOBPEMEHO MOKpeTaja caMo MyJb U
OpraHCKy MaTepujy 3a JIJaMUHApHY CeIUMEHTAIIH]Y.

CBe aconmjanyje TpanToONNTa NUTHPAHE CY Y TPeT-
XOJJHOM, EHIVIECKOM JIely TeKcTa. Y JHTepaTypH cy
HaBEJICHN CaMO HEONXOIHM PajoBH, IOK c€ Y MOHOTpa-
¢ujama M. BECENMHOBUBA (1964), M. MUXAJIOBUR
(1974) u B. KecTnhA (1984) Hama3e KOMIICTHH CITH-
CKOBH KopulitheHe TuTepaType.



