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A condensed succession at the Jurassic/Cretaceous transition
in a shallowing basin on the eastern Russian Platform

SVETLANA O. ZORINA', DMITRY A. RuBaN’ & A. J. (ToM) VAN LooN’

Abstract. The eastern periphery of the Russian Platform houses an exceptional record of the Jurassic/Cretaceous
transition, which is represented by very thin sandstone beds. The presence of glaucony grains, phosphorite con-
cretions and shark teeth indicates that the transitional sediments constitute a condensed succession, although the
allochtonous origin of the glaucony grains in itself is not a reliable indicator. The combination with thin
ammonite zones and a strongly diminished sedimentation rate, as low as ~0.05 cm/ka are, however, convinc-
ing evidence. The Jurassic/Cretaceous transitional deposits accumulated in a basin the depth of which decreased
simultaneously with a global eustatic sea-level fall. This coincidence suggests that condensed successions may
form in shallowing environments, which contradicts the sequence-stratigraphic concept. Considering the charac-
ter of the sediments under study, it appears that both stratigraphic and taphonomic condensation patterns occur
in this part of the eastern Russian Platform.

Key words: condensed succession, shallowing, ammonite zones, Jurassic, Cretaceous, Russian Platform.

Ancrpakr. Vicrounn o6op Pycke Ilnargopme nokasyje n3y3eraH IofjaTak o jypcKo-KpeIHOM Ipernasy, Koju je
NpefiCTaB/beH BeOMa TaHKHMM CllojeBuMa Tenrdapa. [IprcycTBO IIIayKOHUTCKUX 3pHA, (hOcOpPHUX KOHKpElHja u
3yOM ajKyjia yKasyjy ja Ipeja3Hu CeUMEHTH M3rpabyjy KOHJEH30BaHY CYKIECH)y M aKO aJIOXTOHO MOPEKIO
TJIAYKOHUTCKUX 3pHA HYje YBEK TOy3[laH MoKa3aresb. KOMOWHaNMja YCKUX aMOHUTCKUX 30HA W jaKO CMaIbeHe
6p3une cequmenTtanyje o ~0.05 cm/ka cy cBakako ybenspuB jokas. [Ipenasnn jypcko-KpemnHu cefluMeHTH JIETTOHO-
BaHU cy y OaceH unja ce fyOMHa UCTOBpeMeHO NoBehaBa ca majjoM eycTaTU4kor HUBOA CBETCKOr Mopa. OBa KOMH-
UIeHIMja yKa3yje a ce KOHJCH30BaHe CyKIecHje MOTy (DOPMHUpATH Y IUTUTKAM CpeITHaMa, a Koja je y CypOoTHOC-
TH ca KOHIIENITOM CeKBEeHTHe cTpaTurpacuje. Pasmarpajyhn npoyyaBanu KapakTep ceiIMeHaTa, IPOM3WIA3H A CY
ce u crpaturpadgeka 1 TadhOHOMCKA KOHJIEH3al1ja jielliaBaje y OBoM jieny ucrouyne Pycke ITnatdopme.

Kipyune peun: KOHIeH30BaHa CyKllecHja, oninhaBame, aMOHUTCKE 30HE, jypa, Kpeaa, Pycka ITnaTdopma.

Introduction

Condensed successions result from an exceptionally
low sedimentation rate. Although HEmM (1934) was the
first to study this phenomenon, its present-day concept
is rooted in sequence stratigraphy (LOUTIT et al. 1988).
Sequence stratigraphy establishes links between con-
densed sections and maximum flooding surfaces, which
separate transgressive systems tracts and highstand sys-
tems tracts (LOUTIT et al. 1988, CATUNEANU 2006).

Another significant contribution to the understanding
of condensed successions comes from theoretical investi-

gations of fossil concentrations (e.g., KIDWELL et al. 1986,
KiweLL 1993, KoNDO et al. 1998). The most compre-
hensive characteristics of this phenomenon were provid-
ed by GOMEzZ & FERNANDEZ-LOPEZ (1994) and FERNAN-
DEZ-LOPEZ (2000), who distinguished between sedimenta-
ry, stratigraphic, and taphonomic condensation and who
also emphasized the possible occurrence of condensed suc-
cessions in a variety of sedimentary environments. KITA-
MURA (1998) and AmoORrOSI (2003) showed that the pres-
ence of glaucony grains is not always a reliable indicator
of condensed successions, which is in disagreement with
the sequence-stratigraphic concept (LOUTIT et al. 1988).
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In the present contribution, an example of intense con-
densation in a shallowing sedimentary succession, is pro-
vided, viz. that at the Jurassic/Cretaceous transition on the
eastern Russian Platform (Fig. 1). Previous studies (Zo-
RINA 2005, ZOoRINA & RuUBAN 2007) documented a con-

ed alternative lithostratigraphic units that are related to
the local ammonite-based biozones and that can be fit-
ted in a chronostratigraphical context (Fig. 3). The tran-
sitional Jurassic/Cretaceous strata are represented in the
north-eastern part of the Uljanovsk—Saratov Basin by

all
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Sjundjukovo quarry

Tatarskie Shatrashany
borehole

RP - Russian Platform
US - Uljanovsk-Saratov Trough
RS - Ryazan-Saratov Trough
VU - Volga-Ural Arch
B - Belarussian Arch
MB - Moscow Basin
PT - Pripyat Trough
DDB - Dniepr-Donets Basin
D - Donbass Fold Belt
KS - Karpinski Swell

Fig. 1. Location of the study area. Sketch of the Russian Platform adapted from NIKISHIN et al. (1996), SAHAGIAN et al.

(1996) and ZorINA & RUBAN (2007).

centration of several ammonite zones within thin siliciclas-
tic beds of this succession, as well as a general basin shal-
lowing. The linking of these two phenomena represents
an example of an unusual condensation mechanism.

Geological setting

The eastern periphery of the Russian Platform is sur-
rounded by the large watershed of the Volga River and
its main tributaries. The study area is the north-eastern
part of the Uljanovsk—Saratov Basin (Fig. 2), which is
a trough incised in the southern periphery of the Vol-
ga—Ural Arch (SAHAGIAN et al. 1996). This basin is fil-
led up with Middle Jurassic-Paleogene deposits with a
total thickness of about 450 m (ZoriNa 2005). The Ju-
rassic/Cretaceous transition in this region was reviewed
comprehensively by ZORINA (2005) and ZORINA & RuU-
BAN (2007). Detailed palaeoenvironmental reconstruc-
tions were presented by RIBOULLEAU et al. (1998, 2003).

Formation names for the rocks in this area have been
proposed by JAKOVLEVA (1993) but their definition is
not clear. Therefore, ZORINA & RUBAN (2007) suggest-

green and greenish-grey sandstones with a total thick-
ness of up to 2.5 m. These deposits contain the ammo-
nites: Virgatites pallasianus (ORBIGNY), V. sosia (VISH-
NIAKOFF), Virgatites cf. gerassimovi MITTA, V. pussilus
MICHALSKY, Epivirgatites nikitini (MICHALSKY), E. sp.,
Kachpurites fulgens (TRAUTSCHOLD), Craspedites oken-
sis (ORBIGNY), and C. cf. okensis (ORGBIGNY). This
combination of taxa indicates a stratigraphic interval

NORTH
AMERICA

RPE ELRASIA

Pacific Ocean
(Panthalassa)

RP - Russian Platform
CA - Central Atlantic

Fig. 2. Palaeotectonic position of the study area (simplified
from SCOTESE, 2004).
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ranging from the Virgatites virgatus Zone to the Cras-
pedites subditus Zone. In addition to the ammonites,
bivalves and belemnites are found in the deposits under
study. The transitional Jurassic/Cretaceous strata over-
lie sometimes conformably, sometimes disconformably,
the organic-rich clays of the Dorsoplanites panderi Zo-
ne. A significant hiatus follows and the Dorsoplanites
panderi Zone is overlain by Hauterivian deposits.

A

Materials and methods

A representative section from the eastern Russian
Platform, in the form of cores from the Tatarskie Sha-
trashany borehole, was investigated (Fig. 1). Analysis of
the lithological characteristics and the fossil assemblages
in each bed of the Jurassic/Cretaceous transitional inter-
val resulted in a detailed stratigraphic framework for the

B

Fig. 3. Schematic chrono-, litho- and biostratigraphy of the

In general, the study territory is situated between the
Tethyan and Boreal Regions, in the middle of western
Eurasia (Fig. 2). The transitional Jurassic/Cretaceous
deposits accumulated in the shallow Interior Russian
Sea (JAsaMANOV 1978), which had a strongly fluctuating
sea level (SAHAGIAN et al. 1996, ZORINA & RUBAN
2007). This sea had wide connections with Boreal water
masses but its connections with the Caucasian Sea to
the South were intermittent (BARABOSHKIN et al. 2003,
RoGov et al. 2006). The sea water was warm, with a
normal salinity (JASAMANOV 1978, RIBOULLEAU et al.
1998). Analysis of the clay mineralogy indicates an arid
climate (RIBOULLEAU et al. 2003). Wave activity along
the shore, in combination with bottom currents, frequent-
ly resulted in erosion, commonly followed by resedimen-
tation of the particles (ZORINA & RUBAN 2007).
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two sections under study.

site. The emphasis of the analyses was on the transi-
tional Beds 21-25 (Fig. 3A). The data thus obtained
were compared with those from the nearby Sjundjukovo
Quarry.

The analyses were aimed at finding lithological evi-
dence for the presence of a condensed succession based
on the sedimentological criteria proposed by LOUTIT et
al. (1988) and CATUNEANU (2006). These include the
occurrence of glaucony grains, phosphorite concretions
and shark teeth. However, it must be emphasized, in this
context, that none of these criteria is sufficient in itself
to recognize a condensed succession (GOMEzZ & FER-
NANDEZ-LOPEZ 1994, KITAMURA 1998, AMOROSI 2003).
On the other hand, intraformational disconformities seem
to be reliable indicators of a decreased sedimentation
rate (¢f. GOMEZ & FERNANDEZ-LOPEZ 1994). The possi-
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ble occurrence of a condensed succession was, therefore,
investigated by analysis of the local sedimentation rate
(sensu GOMEZ & FERNANDEZ-LOPEZ 1994). This sedi-
mentation rate (SR) is defined here as SR = T, /t,, with
T,, being the thickness of the entire lithological unit and
f, being the total duration of the deposition of the unit
involved (including minor hiatuses).

A decrease in the sedimentation rate can be caused
by: (1) a longer time interval between the accumula-
tion of individual sedimentary particles (or thin succes-
sions, for instance laminae, formed by them); (2) inter-
ruptions in sedimentation or (3) a combination of these
two factors. A condensed character cannot be estab-
lished if only one single unit is considered, as the sedi-
mentation rate is always relative (GOMEZ & FER-
NANDEZ-LOPEZ 1994). In the present study, the sedi-
mentation rate of the potentially condensed interval was
compared with that of the likely uncondensed underly-
ing strata. It is possible to measure the sedimentation
rate semi-quantitatively using ammonite zones, or quan-
titatively by obtaining absolute ages. Both types of
analysis were performed for the present study; the ap-
plied chronostratigraphic framework was taken from the
work of GRADSTEIN et al. (2004).

Condensation patterns

The transitional Jurassic/Cretaceous strata in the
Tatarskie Shatrashany borehole (= Beds 21-25) consist
of very fine-grained sandstones with a total thickness
of 1.75 m (Fig. 3A). The size of individual grains
varies little (from 0.05 to 0.12 mm) but their roundness
shows large variations. The sandstones consist of glau-
cony grains (36-74 %), quartz grains (3—16 %) and
rare feldspar grains; the Sement consists of carbonates,
clay particles and collophane, whereas the matrix is
constituted of mineral clasts and glaucony. The joint
amount of cement and matrix amounts to 35-68 %. The
sandstones contain abundant phosphorite concretions and
grains. In the Sjundjukovo Quarry, the size of the phos-
phorite concretions varies between 2 and 5 cm. The total
content of P,Os varies from 2.7 to 16.4 %. The total
amount of P,Os increases upwards in the succession
(ZorINA & VaLITOV 2007). The collophane constitutes
up to 35 % of the sandstone and it is present in both
concretions and cement. Phosphorite-bearing matter also
encrusts some invertebrate remains, which are present
both as clasts and as part of the matrix. Shark teeth are
abundant within the transitional Jurassic/Cretaceous
sandstones of both the borehole and the quarry. Their
total amount attains a maximum of 3 % in the sand-
stones of Bed 24 of the Tatarskie Shatrashany borehole,
where also numerous intraformational disconformities
are present (as in the entire section under study). These
features are typical of condensed successions (LOUTIT
et al. 1988, CATUNEANU 2006). However, the glaucony
grains seem to be allochtonous and, therefore, cannot

be used as a proper indicator of a condensed succes-
sion (c¢f. AMOROSI 2003).

Beds 21-23 in the Tatarskie Shatrashany borehole
belong to the Virgatites virgatus Zone, whereas Beds
24-25 are attributed to the interval of the Kachpurites
fulgens - Craspedites subditus Zones (Fig. 3A); the
Epivirgatites nikitini Zone is absent in this succession,
which must be ascribed to a hiatus. The deposition of
the section with the transitional beds thus corresponds
to four ammonite zones (including the lacking Epi-
virgatites nikitini Zone). In comparison, the five under-
lying beds (Beds 16-20) with a combined total thick-
ness of 5.9 m were deposited during a time span rep-
resenting only one ammonite zone (the Dorsoplanites
panderi Zone). This is clear evidence that the transi-
tional beds (21-25) form a condensed succession.

A preliminary correlation of the local biostratigraphic
units with the global chronostratigraphy (ZORINA 2007)
indicates that Beds 21-25 were deposited during ~3.5 Ma,
which implies a sedimentation rate of ~0.05 cm/ka. In
comparison, the sedimentation rate during the deposi-
tion of the underlying Dorsoplanites panderi Zone was
0.8 cm/ka. These simple calculations, although being
only approximate, also strongly support condensation at
the Jurassic/Cretaceous transition in the study area.

In the Sjundjukovo Quarry, beds 2-4 belong to the
interval of the Virgatites virgatus and the Craspedites
subditus Zones (Fig. 3B). In this section, the Epivirga-
tites nikitini Zone is present in the sedimentary record.
The total thickness of beds 2—4 is 1.8 m, hence the sedi-
mentation rate can be calculated to be also ~0.05 cm/ka,
which implies a similar degree of condensation as
found for the transitional beds in the Tatarskie Shatra-
shany borehole.

Relationship between condensation rate
and basin depth

The depth of the sea around the north-eastern part of
the Uljanovsk—Saratov Basin can be reconstructed accu-
rately with the criteria proposed by SAHAGIAN et al.
(1996), as already discussed by ZORINA & RUBAN (2007).
The presence of phosphorites in the very fine sands indi-
cates that the depth was less than 20 m and, thus, most
commonly, above the storm wave base. This is support-
ed by the presence of phosphorite gravels and pebbles
(ZorRINA & RuUBAN 2007). Although autochthonous glau-
cony indicates a depth of 50-500 m, allochtonous grains
tend to accumulate close to the shoreline when in a
regressive setting (AMOROSI 2003). In this case, the grains
were reworked by waves and bottom currents. In com-
parison, the deposits of the Dorsoplanites panderi Zone
were deposited at a depth of over 40-50 m, as suggest-
ed by the dominance of organic-rich clays and sulphides
(SAHAGIAN et al. 1996, ZORINA & RuUBAN 2007).

The above-mentioned changes in basin depth reflect a
significant shallowing trend (Fig. 4). The sea retreated
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from the study area for a long time already in the ear-
liest Cretaceous, as indicated by the middle Berriasian to
early Hauterivian hiatus (ZoriNA 2005). It must, conse-
quently, be deduced that the strong condensation coin-
cided with a basin shallowing during an accentuated
regressive episode. The regional sea-level changes coin-
cided with the global eustatic drop documented by HAQ
et al. (1987) and HAaQ & AL-QAHTANI (2005) (Fig. 4).

which is only an apparent feature because of re-sedi-
mentation or re-working of index taxa.

Our data from the Tatarskie Shatrashany borehole and
the Sjundjukovo Quarry indicate strong stratigraphic con-
densation of the Jurassic/Cretaceous transitional beds. The
presence of numerous intraformational disconformities,
especially in the interval of the K. fulgens and C. subdi-
tus Zones (Beds 24-25), suggests that the condensed cha-
racter resulted mainly from mul-

tiple interruptions of the local

depositional process. Intense re-
sedimentation occurred by waves
and bottom currents, which pro-
duced erosional surfaces in the
marine succession. The accumu-

chrono and biostratigraphy ammonite | regional changes | global eustatic
(after GRADSTEIN et al., 2004) | zones of East | in basin depth | curve (HAQ & AL-
?\%e European  [(ZORINA & RUBAN, | -QAHTANI, 2005)
(Ma) - Platform 2007)
2 | stage Sub-Mediterranian | (KOREN, 2006)
@ 9 ammonite zones T T T T T
o -10m -50 m [+200 m present
4 Craspedites
143 Subthurmannia nodiger
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Jg ‘@
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] Epivirgatites
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lation rate responsible for the de-
position of the various beds may,
consequently, not have been
truly low (but it cannot be deter-
mined with any reasonable ac-
curacy how much sediment was
removed during the erosional
phases). In any case, stratigraph-
ic condensation is in the transi-
tional beds much more empha-
sized than sedimentary conden-
sation. The role of the latter is

Fig. 4. Changes in basin depth and global eustatic sea-level fluctuations.

ZORINA & RUBAN (2007), following an assumption
by HALLAM (2001), hypothesized that the end-Jurassic
shallowing and the regression were tectonically-con-
trolled and coincided with similar phenomena docu-
mented just occasionally in other regions. However,
ZORINA et al. (2008) advocated a global extent of the
sedimentary break at the Jurassic/Cretaceous transition.
If so, the condensed section in the Uljanovsk—Saratov
Basin reflects a global eustatic drop of the sea level.

Discussion

GOMEZ & FERNANDEZ-LOPEZ (1994) distinguished
three condensation types. The first type (which is the
most common) is stratigraphic condensation, which can
be expressed by the SR index (the value representing
the average net deposition per time unit). The second
type is sedimentary condensation, which is somewhat
more complex (Fig. 5); it is determined by the real rate
of accumulation, which is the ratio between the thick-
ness of a lithological unit without hiatuses on the one
hand, and the duration of its formation on the other
hand. As noted by GOMEZ & FERNANDEZ-LOPEZ (1994),
a strong stratigraphic condensation does not always
imply a similarly strong (or even any) sedimentary con-
densation. The third type is taphonomic condensation,

likely to be greater in the lower
interval of the studied interval,
where the number of intraforma-
tional disconformities is lower.
Many reworked ammonites are present in the transi-
tional Jurassic/Cretaceous strata. Their concentration is
particularly high in bed 24 of the K. fulgens Zone. It
should therefore be emphasized here that only those
ammonites not bearing any evidence of reworking were
used to establish the age of the transitional strata. The
presence of reworked taxa indicates taphonomic con-
densation of the succession. Although the transitional
Jurassic/Cretaceous beds of the eastern Russian Plat-
form most probably show a very strong condensation
of this type, this does not affect significantly the above
interpretations of stratigraphic and sedimentary conden-
sation because both types of condensation are based on
reliable dating of the various beds under study.

Conclusions

The present study indicates relatively strong conden-
sation of the transitional Jurassic/Cretaceous beds on the
eastern Russian Platform. The condensation coincided
with basin shallowing induced by a global eustatic drop
in the sea level. It appears that the entire transitional
Jurassic/Cretaceous succession in the study area is con-
densed in both a stratigraphic and a taphonomic respect,
whereas sedimentary condensation may be relevant only
in the lower part of the succession under study.
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Fig. 5. Condensation mechanisms. A, uncondensed sedimen-
tation; B, stratigraphic condensation; C, sedimentary conden-
sation; D, stratigraphic condensation with a reduction in
accumulation rate. t = time intervals between accumulation
of sedimentary particles (grey circles); black rectangles mark
interruptions in sedimentation, which now form hiatuses.

New data from the eastern Russian Platform confirm
that even strong condensation does not occur preferably
in deep-marine settings at a time of transgression max-
imums. Further studies should be aimed at developing
more precise models regarding the glaucony and phos-
phorite accumulations. Such studies might provide the
data required for a deeper insight into regional conden-
sation patterns.
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Pe3ume

Konjen3oBana cyknecuja Ha npejiasy
jypa/kpena y INinTKOBOHOM daceHy Ha
ucrounoj Pyckoj Ilnargopmu

Hcrounn obox Pycke [TnaTdopme je n3y3zetan npu-
Mep 3a Ipeja3He jypcKo-KpeaHe ceJuMeHTe, a TeKobe
7 32 JUCKycHjy O (peHoMeHy KoHaeH3anuje. CeKBeHTHa
cTpaTurpaduja ycrnocrabiba Be3y u3sMeby KOHAEH30-
BaHMX WM3[laHaKa W MaKCUMyMa TpaHcrpecuje, Koje
IpeficTaBlbajy IpaHule u3Meby TpancrpecuBHUX mpoc-
TOPHHUX CHCT€Ma U BHCOKOI HHBOAa Hajiupama Mopa.
MebyTuM, Heka mpoydyaBawma MCTUYY MOTYhHOCT IO-
jaBe KOHJEH30BaHMX CyKIECHja Y 3aBUCHOCTH Off pas-
JUYUTOCTU CEMMEHTAlMOHMX cpefuHa. [IpoydyaBana
o6I1acT npunajga CeBEpHOUCTOYHOM JIeNy Y JbaHOBCKO-
-capaTOBCKOT 0aceHa KOju MpeficTaBlba TPOI YCeUeH Y
jy>kam obon Bonrcko-ypanckor myka. [Ipenasuu jyp-
CKO-KpPEJHH CIIOjeBH Cy IMpPEJICTaBIbeHU y CEBEPHOUC-
TOYHOM [leJly ¥ JbaHOBCKO-CapaTOBCKOI' 0a3eHa ca 3e-
JIEHUM ¥ 3€JIEHKAaCTOCHBHMM IlelllyapuMa ca YKYIHOM
ne6/bUHOM 10 2,5 m. AMOHHTCKH TaKCOHM YKa3yjy Ha
crpaTurpadcku nHTEpBan off Virgatites virgatus no Cra-
spedites subditus 30Ha (TOpPHU TUTOH—JIOBH Oepujac).
IIpucycTBO riayKOHUTCKHMX 3pHa, (ochopura u
ajkynmuHUX 3y0a je NUTOJIONIKW [OKa3 KOHJeH3alwje,
Maja aJOXTOHO IIOPEKJIO IIayKOHUTCKUX 3pHa HHje
yBeK IOy3faH Noka3aTtesb. CeauMeHTH INpocuna ca
IpeJla3HuM CJI0jeBUMa OIrOBapajy YeTUpH aMOHHUTCKE
30He (YKIbYUyjvhE ofcycTBO Epivirgatites nikitini 30He)
KOje yKa3dyjy Ha CHaxkHy KoHpaeH3anwmjy. Kopemnamuja
JIOKAJTHUX OMOCTpaTUIrpapCKUX jeIMHUILIA Ca CBETCKOM
XpoHOcTpaTurpacdujom ykasyje ma cy cmojeBu 21-25
Tarapcko-11aTpaiiancke OyIIOTHHE CTBapaHuU 3a Bpe-
me of1 ~3,5 Ma, mrro ykasyje Ha npuHoc ox ~0,05 cm/ka.
CeguMeHTalMOHU NIPUHOC 32 BpeMe JIENIOHOBamba I0-
muacke Dorsoplanites panderi 3oHe je 6uo 0.8 cm/ka.
OBa mpocTa pavyHHIla, 1 aKo je caMmo MPUOIIKHA, jaKO
nofipXaBa KOHMIEH3alLlUjy JYPCKO-KpPEeJHUX Hpea3Hux
clojeBe y mpoy4yaBaHoj obnactu. MicTu creneH KOHfieH-
3anuje je mo3HaT u3 CjyHjyKOBCKOT KaMEHOJIOMA.
ITpucyctBo ocdopura y jakOCUTHO3PHUM TelNTIapu-
Ma yKasyje ma je gyomHa Omna mama off 20 m, Koja je
Hajuenthe Owia m3Hay 6a3ze omyjHMX Tajmaca. Ha oBo
yKa3yje W TOPHUCyCTBO BajiyTaka (occopura. NI ako
ayTOXTOHU IIAyKOHUTH yKa3yjy Ha myouny o 50-500 m,
y perpecuBHIM OKOJHOCTUMA aJIOXTOHA 3pHA TeXe Jia
ce akymyJaupajy 6mmsKe 06aCKOj TUHUjU. Y OBOM CITy-
yajy 3pHa cy IpeMelITeHa TajlacuM 1 NOABOJHIM CTPY-
jama. 'ope momMenyTe mpoMeHe y AyOnHU GaceHa cy ce
ofpa3uiie Ha 3HayajHoO npoayoOibaBame. KoHneH3oBanu
npocusl Y JbaHOBCKO-CApaTOBCKOI OaceHa ofpakaBa
ONIIITH €yCTaTUIKN Maj] HuBoa Mopa. OBaj (peHOMEH je
y CYIIPOTHOCTHU Ca JOCajallbiM 3HalbUMa O CEKBEHT-
HOj crpaturpacduju. [Togamm n3 TaTapcko-marpariaH-
cke 6ymoTuHe 1 CjyH/IjyKOBCKOT KAMEHOJIOMA yKa3yje
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Ha jaky cTpaTurpadcKy KOHAEH3alH]y jYPCKO-KPETHUX
mpena3Hux ciojeBa. [IpucycTBo MHOrOOpOjHIX HHTpa-
(popManoOHNX IUCKOPHAHINja, HAPOUNATO Y MHTEPBAIY
K. fulgens n C. subditus 30Ha, yKa3yje fa je KOHJeH3a-
IMOHU KapakTep MPOYy3pOKOBaH YIIIABHOM BHUIIECTPY-
KM TpeKuAnMa JIOKAJTHAX J[EMO3UIMOHMX IpoIeca.
IIprHOC KOHIE30BAaHNUX CEAMMEHATa OCTaje TUCKYTa0u-
naH. [IpucycTBO peceMMEHTOBaHMX TaKCOHA yKasyje

Ha Ta(OHOMCKY KOHeH3amujy cyknecmje. M1 ako
mpena3Hu jYPCKO-KpeJHU CcIojeBH HCTOYHe Pycke
IInaTrdopme HajBepoBaTHHWje TMOKa3yjy BeoMa jaKy
KOHJICH3aIlHjy, ITO He yMamyje 3Hauaj rope IOMEHyTe
MHTEpIIpeTanyje cTpaTurpad)cke W CeIUMEHTOIOIIKE
KOHJIeH3anmje, jep oba ThIa KOHJeH3aluje Cy 3acCHO-
BaHU Ha TIOY37aHUM ofpebeHnM crapoctmMma mpoyda-
BaHUX CIIOjeBa.
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The Lower Cretaceous Paraflysch of the Vardar Zone:
composition and fabric

TMARA N. DIMITRUEVIC & TMILORAD D. DIMITRIEVIC'

Abstract. The Lower Cretaceous paraflysch forms an outstanding, 250 km-long belt in the Vardar Zone. It
is composed of a basal unit, uncomformable over Jurassic limestones and older rocks, and of two mega-
sequences with the a clastic lower and clastic-carbonate upper member. In this study, We analyzed the orien-
tation of the sedimentary bedding, cleavage and schistosity, fold hinges and axial surfaces and cleavage — bed-
ding intersection lineation, were analysed. The area experienced two phases of folding, first with fold hinges
oriented NNW and the second with hinges oriented WSW. The regularities of these structures and their rela-
tionships are, as shown by these investigations, only statistically to be used in practical study of fabric.

Key words: Vardar Zone, paraflysch, Lower Cretaceous, sedimentology, fabric.

Ancrpakr. Jomokpennu napacaui rpagu y Bapgapcekoj 3ouu Beoma u3pasut nojac gyr 250 km. Cacroju ce
op 6a3aliHe jeMHUIE JUCKOPJAHTHE NPEKO TOPHOjYPCKUX Kpeumhaka ¥ MeJIaHXa, Kao U J[Be MEraceKBEHIe ca
TOHBAM KITACTHYHHM ¥ TOPEHUAM KIACTHYHO-KapOOHATHIM WiaHOM. CTaTHCTUYKHY Cy aHAIN3WPAHU TaJOBH CBUX
CII0jeBa, MPEBPHYTHX CIIOjeBa, KIMBaXKa U IIKPUIbABOCTH, 0ca HabOpa, aKCHja HUX MOBPIIM HAGOpa M Hpeceny
KJIMBaXKa 1 ciojeBa. [IpaBUIIHOCTH OBUX CTPYKTYPa U HBMXOBHX OJJHOCA CY, KAKO je I0Ka3allo OBO HCTPAaXKMBAKE,

CaMO CTaTUCTUYKHA yHOTpe6J'I>I/IBe [IpA IPpaKTAYHUM UCIIUTUBaAKkBbUMa CKJIOIA.

Kipyune peun: Bapnapcka 30Ha, mapadauii, Joba Kpeja, CeIMMEHTOIIOTHja, CKITOIL.

Introduction

The Vardar Zone, a very important and highly con-
troversial member of the Balkan Peninsula geology,
was investigated and described by numerous researchers,
who gave it different importance, different affinities,
different subdivisions and different geotectonics. Accord-
ing to DIMITRUEVIC M.D. (1979, 2001), the Vardar Zo-
ne is herein defined as an oceanic zone between the
Dinarides and Hellenides to the west and the Serbian-
-Macedonian Massif to the east.

The idea of the Vardar Zone as the “Internal Dina-
rides” was, fortunately, abandoned a long time ago in
the circle of researchers, which opened the way for
earnest investigation of its importance and history (e.g.,
DiMITRUEVIC M.D. 1997, 2001; KARAMATA, 2006).

For the Vardar Zone, especially for its central parts
from Belgrade to Kumanovo, a thick Lower Cretaceous

succession that shows some flysch characteristics, being
thus described as a paraflysch (DIMITRUEVIC M.N. &
DiMITRUEVIC M.D. 1976, 1987; DIMITRUEVIC M.N. et
al. 1996, 1997), is very characteristic.

These strata form at present a narrow belt, only ex-
ceptionally wider than 14 km, but probably some 250 km
long. The northern part of the belt (Avala and Kosmaj
Mts.) is open for discussion concerning its affinity to
this or to the adjacent sub-zone, and will not be further
discussed in this paper. The belt with the paraflysch is
from both the East and West bounded by mafic and
ultramafic rocks with some Upper Jurassic limestones,
and the deposits in the adjacent belts are completely
different. The southern part of the paraflysch is erod-
ed, with only the Kriva Reka (SW of Novo Brdo) as
remnants.

The depositional base of the paraflysch appears only
at the southwest and in the extreme south, in the Novo

I Unfortunately, M.D. DIMITRUEVIC, because of bad health, was not in position to correct all the remarks made by the
reviewers. Some remarks, especially those which did not need a lot of correction, were dealt with by MILAN SUDAR. The
Editorial board, even though not all requests of the reviewers were accepted or included, decided to print the paper in its

present form.
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Brdo area as shown by the Kriva Reka domain. This
domain, the southernmost outcropping part of the para-
flysch, is composed of marginal units, the original rela-
tions with main part of the basin being not clear.

Paraflysch

Over the basal unit, the paraflysch forms two mega
sequences, each with a clastic lower and a carbonate-
-clastic upper part. The stratigraphic relations between
these units were not possible to assure in every locality,
and local lateral transitions are also possible. Field map-
ping was performed by teams lead by M. Raxki¢, B.
MARKOVIC, M. VUKANOVIC, M. MALESEVIC and others.
The composition of these units was investigated by
MARA DIMITRUEVIC, B. RADOSEVIC, RuzICA MARKOVIC,
LiuBica RUDOLF, RAINA GABRE, LYUBINKA MASLAREVIC
and M.D. DIMITRUEVIC. The meagre biostratigraphic do-
cumentation was studied by OLIVERA MARKOVIC, RAJKA
RADOICIC, ALEKSANDRA DANILOVA and SULTANA OBRA-
DOVIC. The sedimentological field data are by MARA N.
and MILORAD D. DIMITRUEVIC.

The data of the field mapping, and the sedimentolog-
ical and biostratigraphic investigations were presented by
DoLiC et al. (1981), FILIPOVIC et al. (1978), FILIPOVIC &
RoDIN (1980), MALESEVIC et al. (1980), MARKOVIC et al.
(1968, 1985), PAVIC et al. (1983), PavLovic (1980),
UROSEVIC et al. (1973a, 1973b), and VUKANOVIC et al.
(1982).

Based on all the available sedimentological and bios-
tratigraphic data, the paraflysch was divided over the
basal unit into six units. These are from the base to the
top.

A. A microconglomeratic-arenitic unit (probably Lo-
wer Valanginian),

B. A silty-calcareous unit (Valanginian—Hauterivian),

C. An arenitic-silty unit (Barremian—Aptian),

D. A calcareous-arenitic unit (Albian—Cenomanian)
and

E. Marginal units (E1 and E2; regarded as lateral
equivalents of the top units).

Basal unit

Not everywhere exposed and for the large part tec-
tonized, the basal unit shows nevertheless its clear
unconformable character. It crops out along the Poduje-
vo-Lebane road at Prepolac, over an ophiolitic mélange
and schists ascribed to the Palacozoic (pers. comm. M.
VESELINOVIC).

The unit is mostly composed of coarse-grained rocks,
with blocks over 80 m in diameter. Basal rudites most-
ly consist of rocks from the mélange, schists and Ber-
riasian limestones. At Prepolovac, these are composed
almost entirely of Berriasian limestones, being regard-
ed by M. VESELINOVIC as the Mesozoic base of the pa-

raflysch (unpublished data from 1956 in DIMITRUEVIC
M.N. & DMITRUEVIC M.D. 1976). At Razbojna, Seno-
nian rudites with globotruncanid limestones have also
been ascribed to this unit.

These deposits are characteristically disorganized,
very poorly sorted, frequently monomictic to oligomic-
tic in composition, with angular blocks, pointing to a
very short and -catastrophic sinking and deposition,
without progressive abrasion typical for a transgression.

Very interesting is the position and types of lime-
stones found in the basal unit. From various localities
two types of limestones have been described: shallow
marine, frequently reefal, and basinal with Aptychi. It
seems, nevertheless, that the opening of the trough
began at the end of the Upper Jurassic, in a shallow
sea with reefs which was attached to a large shallow
open sea.

A. Microconglomeratic — arenitic unit

This unit, some 80 to 100 m thick, crops out along
the south-eastern border of the basin and in the cores
of anticlines. It is composed of conglomerates, disor-
ganized pebbly sandstones (coarse-grained feldspathic
subgreywackes to greywackes), massive sandstones,
slump facies, normal turbidites, siltstones and subordi-
nate other facies. Rudites bear fragments of Tithonian—
—Berriasian limestones, schists and other rocks. Olisto-
stromes, fluxoturbidites and thin conglomerate layers
are frequent. The volume content of CaCO; is low.
Garnet is outstanding among the heavy minerals (over
50 %), followed by some tourmaline, rutile, zircon and
others.

Turbidites are subordinate. They are proximal, most-
ly showing intervals of graded bedding and the lower
interval of horizontal lamination. The interval ¢ bears
large convolutions, while other intervals are mostly
absent. Sole markings are sparse — flute casts and tool
marks. Sparse organic markings show only the simplest
forms. Sparse observations indicate a longitudinal pala-
eotransport towards the south-southeast.

Very rare fauna (Calpionellopsis oblonga, Spirillina
sp., Trocholina ex gr. waldensis, sponge spicules) prob-
ably of Lower Valanginian age were found (DIMITRI-
JEVIC M.N. & DIMITRUEVIC M.D. 1976).

B. Silty — calcareous unit

It probably occurs in the Avala—Kosmaj domain over
the ophiolitic mélange, being 100-200 m thick. It con-
sists there of siltstones and marly limestones, with
some calcarenites and micrites.

The unit is best developed in the Brus-Podujevo area
where it overlies unit A, with a thickness of 90 to 150 m.
It consists of siltstone laminites, fine grained greywack-
es, shales and platy pelagic micrite, distal turbidites,
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some slump deposits and rare normal turbidites. The
deposits are mostly dark, thin bedded, composed of
fine-grained rocks corresponding to the outer fan and
the basin, probably also the active part of the outer fan
with a sufficiently steep slope (slumps). The unit main-
ly consists of silty-pelitic rocks with ample slump phe-
nomena. Graded bedding is sparse and various types of
current lamination prevail. Organic markings are ample
and specific. Ilmenite and magnetite prevail in the heavy
fraction, with infrequent garnet. Microfauna is infrequent
and poorly preserved (tiny globotruncanids, radiolarians,
bryozoans, fragment of miliolids; Lenticulina muensteri,
Lenticulina sp., Ammobaculites cf. gramatus, Am. gra-
tus) indication to Valanginian—Hauterivian age (DIMITRI-
JEVIC M.N. & DIMITRUEVIC M.D. 1976).

C. Arenitic — silty unit

This is the thickest unit (over 600 m in the Glediéi
Mts.), cropping out over the largest area. Its basal part
is of finer grain, while the upper part is coarser.

The lower part of the unit bears very infrequent and
thin fluxoturbidites and olistostromes, except for the
western portion of the Rudnik Mt. domain. The turbi-
dites consist of a thin interval of graded bedding, inter-
val b, interval ¢ with very characteristic tiny cross and
wavy lamination, in places also convolution. The sequ-
ences are mostly base cut-up and truncated, and tur-
bidites are frequently subordinate. Very frequent and
characteristic are non-turbiditic laminites, deposited
grain-by-grain, with current lamination and small-scale
ripple marks pointing to a lower flow regime with a
low energy environment.

Submarine slumping is frequent in this part of the
unit. Sole markings are sparse (brush and prod casta,
scattered tiny groove marks). Infrequent data measured
in the Gledi¢i domain show a palaeotransport towards
the southwest, less frequently east, and in the Brus—
—Podujevo domain towards the south-southwest, south
and south-southeast.

Deposits of this part of unit C correspond to the
outer fan, partly also mid-fan with depositional lobes.
They mostly consist of distal turbidites, turbidites, less-
er to organized pebbly sandstones, massive sandstones,
thin beds of fine-grained sandstones and very infre-
quent slumped masses. The volume content of CaCO5
is conspicuously low. The rocks are mostly fine-grained
micaceous greywackes and siltstones. This part of unit
C is 80 m thick in the eastern part of the Rudnik do-
main and about 200 m in its western portion. In the
Glediéi Mts., its thickness is about 300 m (according
to some estimates even over 600 m), varying in the
Brus—Podujevo area between 150 and 500 m.

The upper part of the unit is conspicuously coarser,
consisting of thick-bedded arenites and microconglom-
erates of the mid-fan depositional lobes, in places also
with channel associations. Characteristics are organized

pebbly sandstones, massive sandstones and normal tur-
bidites, with some distal turbidites, organized conglom-
erates, disorganized pebbly sandstones and slump mass-
es and olistostromes. The palaeotransport in the north-
ern part of the trough is towards the south-southwest,
and in the Gledi¢i Mts towards the south-east. The
thickness is 350 m in the western portion of the Rudnik
domain (it is missing in the eastern portion), decreas-
ing to ca. 100 m in the Glediéi Mts., and increasing a
new to ca. 300 m in the Brus—Podujevo domain.

The fauna found at the Rudnik Mt. is very sparse,
largely transported from shallow marine regions (frag-
ment of pelecypods, echinoderms, bryozoans, alternat-
ing orbitolinids, lagenids; part of algae (Corallinaceae);
they also contain belemnites and inoceramid prisms.
Unit C also yielded a microflora, Pinus haploxylon,
Ligodium sp., Ginko sp., conifers and dominating gym-
nosperms of the genus Beneltites of Barremian—Aptian
age (DIMITRDEVIC M.N. & DIMITRDEVIC M.D. 1976).

D. Calcareous — arenitic unit

This unit, mostly 100 to 150 m thick, is character-
ized by a high CaCOj; content of most of the rocks and
a relative abundance of arenites. It corresponds to the
outer fan with some influences of the basin and the
active part of the outer fan. Unit D is generally com-
posed of distal turbidites and thin-bedded fine-grained
sandstones, with some typical turbidites, slumps, pelag-
ic and hemipelagic deposits, and some massive sand-
stones. The turbidites are mostly without an interval of
graded bedding, with other intervals well developed. In
places, senile turbidites occur, but ortholaminites pre-
vail. The most important are siltstones, subgreywackes
and calcareous greywackes, together with marls, marly
micrites and graded sandy intrasparites. In the lower
part of the unit, laminated marls prevail, and in the up-
per part characteristic are calcareous laminites and in-
trasparites in well separated beds. Epidote is dominant
in the heavy fraction, with some tourmaline and ilme-
nite-magnetite.

Sole markings are exceptionally rare, represented
mostly by tool marks. The palaeotransport is towards
the south-southwest to south-southeast.

In the micrites and biomicrites here are tiny pelagic
globigerinids (Hedbergella, Ticinella) together with rare
allothigene coralinaceans and other transported forms.
Agardhiellopsis cretacea, Archaeolithothamnium amphi-
roephormis, Pseudolithothamnium album were deter-
mined, which indicate Albian—Cenomanian age (DiMi-
TRUEVIC M.N. & DIMITRUEVIC M.D. 1976).

E. Marginal units

The southern end of the paraflysch area is character-
ized by a prominent change of facies.



The Lower Cretaceous Paraflysh of the Vardar Zone: composition and fabric 13

The trough deposits form here a belt several kilome-
tres wide, where two units can be distinguished: the olis-
tostrome (E1) and the carbonate-clastic (E2) one. The
structure of the area prevents the definite determination
of relations between these two units, but the olistostrome
unit is probably lower. Lateral relations of these with the
units of the main trough are not visible, but they are
regarded as equivalents of the higher units from the
trough, with a possible extension into the Cenomanian.

The olistostrome unit consists chiefly of olistostro-
mes, organized conglomerates, massive sandstones, and
turbidites, both typical and distal. The olistostromes are
even over 10 m thick. They consist of a silty ground-
mass with clasts and bed fragments of arenites from the
unit itself, with also some fragments of the adjacent
Veles Series. The arenites form thick layers with ample
traces of slumping. Conglomerates are less profuse,
with pebbles mostly of quartz and ludite, together with
rocks of the unit itself in slump structures.

The unit shows a distinct proximal character, being
deposited on an unstable slope.

The carbonate-clastic unit, estimated to be about 150 m
thick, is mostly coarse grained. It is composed of thick
layers of calcirudite with microconglomerates, coarse-
grained arenites and laminated marly siltstones. Turbi-
dites occur only exceptionally. The limestone horizons
are several metres thick, showing very often a charac-
teristic sequence: the ruditic basal part, with limestone
fragments up to 10 cm in diameter grading into clas-
tics with pebbles 2-3 cm in size, topped with roughly
laminated sandy calcarenites, and ending with flaggy
micrites. Some similar sequences, with the same orga-
nization, are even decametres thick.

No fossils were found in these units.

Depositional history of the basin

Reconstruction of the motions of the basin was great-
ly impeded by numerous factors. The basin deposits are,
first of all, greatly tectonized, the original width of the
depositional area being largely reduced by folding and
tectonic dismembering and separation of lateral parts.
This also rendered obscure the thicknesses and stratigra-
phic relations of units. Interpretation of the depositional
environments is in places uncertain for some units, be-
cause observations and statements required for reaching
conclusions were incomplete. The observations were
made at different times, by different observers and based
on different tenets. The depositional ages of the units
were determined too broadly, first of all due to the pres-
ence of only a sparse and poorly preserved fauna, and
for the obvious mixing of fauna of different origin (from
pebbles and fragments from other coeval environments;
re-deposited from older strata). Data on palaeotransport
were not systematically collected. They show a wide
scatter, for which the reason is not known (dispersal of
palaeotransport, too small samples). This made the re-

construction of the basin geometry practically impossi-
ble. Finally, the interpretations were unavoidably bur-
dened by the conceptions of the researchers wherever
reliable material argumentation was missing, which
greatly hampered generalization. Only preliminary spec-
ulations are thus possible, based on the existing data.

The very sparse measurements of palaeotransport
show the predominance of the longitudinal south-south-
east direction, besides highly scattered lateral directions
which show the very important fact that the basin was
fed both from the eastern and western border. This
makes untenable the idea of the depositional area as a
marginal apron, and defines it as a trough flanked on
both sides by the source areas. This is also demonstrat-
ed by the occurrence of shallow marine deposits of the
uppermost Jurassic along both sides of the paraflysch
zone, which seems to rule out the hypothesis of ocean-
ic deposition.

The clastic base appears only in the Avala—Kosmaj
domain, as a thin blanket below unit B, and along the
eastern border of the Brus—Podujevo domain, where it
forms the thick floor of unit A. This permits the idea of
a basin superposed over the ophiolitic mélange in a hor-
izontally diversified area, where the foundering began in
the southeast, with a catastrophic sinking and very rapid
denudation. A fan system originated there, with mid-fan
deposits occurring only in the eastern part of the
Brus—Podujevo domain (unit A), with a possible partial
extension up to the western border. Outer fan deposits
follow (unit B), visible along the whole eastern border.
Taking into consideration the absence of unit B in one
part of western border (Vrnjci), a supposition is possible
that the sequence indicates an eastern onlap.

The lower part of unit C (C1), progressing towards
the west, might mark a progradational phase, represent-
ing a deposition in the mid-fan to the outer fan with
depositional lobes.

Unit C2 is missing north of the Gledié¢i Mts. It was
deposited in the channelled mid-fan. The appearance of
this unit only in the Gledi¢i Mts. and the Brus—Podu-
jevo domain might indicate a further progradation with
the building of a narrower fan in the south-eastern por-
tion of the area. This is also corroborated by a palaeo-
transport towards the west-southwest and south-south-
west, reported in this unit from the Kraljevo area
(MARKOVIC et al. 1968).

Internal kinematics of the basin

The internal structure of the basin is characterised by
complex folding with frequent transposition of the bed-
ding surfaces and broad zones which interrupt the con-
tinuity of the units. The degree of deformations is com-
pletely varied — there are parts of the column where stra-
ta are not deformed, together with decametric to hecto-
metric domains where they are highly deformed and dis-
rupted along the cleavage or schistosity. The principal



14 TMARA N. DIMITRUEVIC & TMILORAD D. DIMITRUEVIC

Fig. 2. Structural diagrams. D.01 All bedding surfaces. D.02 Overturned beds. D.03 Fold hinges. D.04 Bedding Domain
Mercez—KurSumlija. D.05 Bedding Murgula. D.06 Axial surfaces. D.07 Cleavage. D.08 cleavage — bedding intersection lineation.

planar fabric is dominantly represented by the cleavage,
which deforms the bedding up to full transposition.

Analyses of the folding have been performed on var-
ious levels, from the most regional to detailed. The
structural diagrams show the orientation of bedding
planes for the whole basin (1363 data; D.01, Fig. 2),
and in each of the 8 blocks, the basin was subdivided
into (D1 to D8, Fig. 3).

All bedding surfaces

Poles to bedding are loosely assembled around the
main maximum corresponding to the 75/47 and the
submaximum 251/46. Statistical fold axis is plunging
163/3 and the statistical axial plane is roughly vertical
striking 163-343. These data are conformable with the
strike of the paraflysch trough (163-343). The pole dia-
gram (Fig. 2, D.01) shows a high scatter of data. The
fabric is roughly monoclinic, corresponding to an asy-
mmetric fold with a better developed north-eastern and

a less developed south-western limb, with a roughly
horizontal axis and a vertical axial plane.

Overturned beds

In the diagram D.02 (Fig. 2) of 30 overturned beds,
two maxima appear, corresponding to the dips 89/66
and 249/74, with overturned beds almost equally dis-
tributed in both maxima. This shows that the folds in
the area have no uniform vergence, but form a kind of
fan with vergences both towards west-southwest and
east-northeast.

Fold axes

The hinges were measured for cm-m folds (Fig. 2,
D.03, 104 measurements). The poles form only a not
very expressed maximum corresponding to 356/18, with
a faint suggestion of a disconnected girdle. A good
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Fig. 3. Fabric diagrams of the bedding for the structural domains 1-8 blocks (see Fig 1 for locations).

example of a hinge orientation is shown by the diagram
D.04 (Fig. 2, Meréez—KurSumlija domain) in which the
data are disseminated along a great circle normal to the
younger fold axis, and the diagram D.05 (Fig. 2, Murgu-
la domain) where hinges show a maximum at 28/60.

Axial surfaces

In the field, 44 axial surfaces of folds, most of the
metric size (D.06, Fig. 2) were measured. The poles are
disseminated with two maxima corresponding to 98/82
and 49/72. Although steep, these maxima do not fit the
virtual axial plane of the bulk of the bedding surfaces,
which is vertical — the observed metric folds in the field
show a slight western and south-western vergence.

Cleavage

Some of cleavage data correspond to the axial pla-
nar cleavage, but for the greater number of them, their

relation with the folds was not established. The dia-
gram does not show well expressed maxima; several
minor maxima are dispersed throughout the diagram
(D.07, Fig. 2).

Cleavage — bedding intersection lineation

In the case when cleavage is parallel to the axial
plane and folding is regular with thombic or monoclin-
ic symmetry, statistically the intersection lines between
the bedding and an axial cleavage should be parallel to
the regional fold axis. Diagram D.08 shows 125 inter-
section lines constructed with all the available data
(Fig. 2). The poles are widely disseminated in a broad
girdle normal, with several maxima, the closest to the
regional axis representing the plunge 148/20. This
shows that the symmetry of fabric is rather close to tri-
clinic.

To unravel regional structural trends, the area was
divided into 8 structurally homogeneous domains (Fig.

1.
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Table 1. Statistical orientation of the bedding in the struc-
tural domains.

Block maximum submaximum

1 78/38 267/42; 232/42
2 80/54 255/43

3 79/53 264/46

4 252/53 57/34

5 63/45 246/52

6 67/61 260/48

7 81/57 245/57

8 67/52 251/30

This Table shows that only block 4 has a distinct
deviation in that the dips are mostly toward the north-
-east, whereas in the other blocks, the dips are mostly
to the southwest.

Discussion

The diagrams of the individual blocks and especial-
ly the details of the fold hinges (D.04 and D.0S5, Fig.
2) show that the area exerted a slight general rotation
around an axis oriented WSW with appearance of
younger folds corresponding to it. This younger act did
not affect the fabric penetratively, and did not change
the generalized picture of the domain fabric (see D.01,
Fig. 2). Without detailed measurements of fold hinges,
it would remain imperceptible.

This investigation also showed that the regularities
known from the ellipsoid of deformations can be practi-
cally used only in a broad statistical manner, and that sin-
gle measurements should be regarded with due suspicion.
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Pe3ume

[Homokpennn napagymm Bapaapcke 30ne:
€acTaB M CKJION

Bappapcky 30Hy, Beoma BakaH U BeoMa KOHTPO-
Bep3aH 4iaH reojoryje bankaHckor nojayocTpBa UCIU-
THBAIIA Cy W ONWCUBAJIM OpPOjHM WCTPA’KWBAUH, /1ajyhn
jOj pa3nuuMT 3Hayaj, pa3uyUTy IPUIAJHOCT, pa3indu-
Te MOfieJIe U Pa3INuUTy FreOTEKTOHCKY BaxkKHOCT. Mpeja
o Bappapckoj 30H7 kao “yHyTpammuMm [{uHapuanma”
HamymrTeHa je, cpehom, Beh myro Bpemena y kpyry
030MJbHUX UCTPaKMBaya, IITO je OTBOPUIIO MOT'YhHOCTH
3a 030MJHPHO MCINTHBAK-E eHOT 3Hauaja u NCTOpHje.

Jeman Beoma ynajbuB IOjac Yy HOj KapaKTepHile
neGena MOMOKpEHA CyKIlecHja KoOja MOKa3yje camo
u3BecHe (puMIlIHE KapaKTepucTuke na cy je MAPA H.
IUMUTPMIEBUR 1 MWIOPATT [I. JIMMUTPUIEBUR OMNHM-
canu kao napadmuir (1974 u gpyru pajgosn).

OBu crnojeBm cajja Tpajie y3aH Mojac TpyKama
CC3-JIU, camo n3y3etHo mmpu of 14 km, anu gyt Be-
poBaTtHO cBojux 250 km. O HEroBoM CeBEpHOM Jeiy

(ABama m Kocmaj) jommn yBeK ce MHCKYTyje y TIOTIIENy
MIPUIIAIHOCTU OBOj WJIM CYCEIHO] OONacTH, 1a OH OBJE
HUje AeTabHuje pa3maTpan. [lapaduin je ca obe cTpa-
HE 3aTBOPEH Y3aHUM IojacuMa 0a3uTta u ynTpamadura
ca HEeIITO FOPHOjYPCKUX KPEeUumhaka, a KpeqHe TBOPEBH-
HE CYCE[HUX PEruoHa Cy HOTIYHO pa3nuyuTte. JyxXKHU
nmeo mapadwima je epofoBaH, ca mopapydjeM Kpuse
Pexe (J3 ox HoBor Bppia) Kao jeqHIM 3a0CTaTKOM.
OpwurrHanHa noguHa 6aceHa OTKPHWBEHA je caMO Ha
KpajimeM jyry, y obmactu Hosor bppa, kao mTo moka-
3yje moppyyje Kpuse peke. OBo moppyyje je rpabeno
of] IpeHaOpaHuX, jaKo TEKTOHU30BaHUX U Pa3IOMJIbe-
HUX cJ0jeBa KOjU He MOKa3yjy KapaKTepUCTHKE Map-
ruHanHUX jequauna. [loimoxaj My Huje jacaH W BEpo-
BaTHO je MOCIeNa CI0XEHNX TEKTOHCKUX Ipoleca.

IMapadamm

W3nag Gazamne jepmHmie mapadiuil Tpaje ABe
MeracekBeHIIe, O KOjUX CBaKa MMa KIIACTUIHU TOHH 1
KapOOHATHO-KIIACTIHYHY TOpHHU fleo. BepTukamam of-
HOCH OBHX jeIMHUIIA HUCY OWJIM BUJbMBU Ha OPOjHUM
JOKaMUTETAMA, TaKO [a Cy W AeIUMUIHI OOYHU IIpe-
nma3u takohe moryhm. Ha 6a3m cBuX pacmonokuBuX
CEIMMEHTOJIONIKAX W OWOoCTpaTurpacdcKuX IOfaTaKa,
mapacaum je m3Hayj Oa3aiHe jeAVHHIEC U3JeJbeH Ha
mect jeguHuna. To cy: (A) MHKpPOKOHIJIOMEPATCKO-
apeHUTCKa jemuauna (6e3 GuocTpaTUrpadCKuX Moja-
Taka o crapoctu), (B) ameBpomuTcKO-Kpedmayka
jemuanna (BaneHMUH—OTpHB), (C) apeHUTCKO-aeBpoO-
muTcKa jepuamna (6apem—anr), (D) Kpeumadyko-ape-
HUTCKa jepunmna (an6-menoman) u (E) maprunamne
jemuaune (E1 u E2; BepoBaTHO TaTepaHu eKBUBAJICH-
TH HajBUIINX jeTUHALA).

Bba3anna jequanna

Oga jepuHnIa, KOja HUje CBYTfie TOOPO OTKPUBEHA U
y BEJIMKOM [y jé TEKTOHU30BaHa, MIAK IIOKasyje
jacaH guckopgaHTaH KapakTep. OHa ce oceGHO jacHO
Moxe mpatuTtu AyXK myrta [logyjeBo-Jlebane na Ilpe-
MIOJILY, U3HAJ O(PUOTUTCKOT MEJIaHXa U KPUCTAJIaCTUX
IKpWballa. JeguHMIa je yriIaBHOM cacTaBJbeHa Off
rpyOO3pHUX CTeHa, ca OJokoBMMa 4Yak u o 80 m y
npeunnky. Pynutu ce cacroje Hajsehum festom o cre-
Ha U3 MeJlaHXa, KpUCTaNacTHX IIKpubala u 6epujack-
ux kpeumaka. Ha IIpenoniy ce oHu cactoje ckopo y
MOTIYHOCTH Off OepujacKux Kpedmaka, TaKo Cy CMa-
TpaH! Me3030jcKoM nogrmHOoM napadyummra. Ha Pa360j-
HU CY, OIIET, CCHOHCKM KpeUally ca rI1000TpyHKaHaMa
O6mnn npunucuBann napadoiny. CBe oBe TBOPEBUHE CY
KapaKTEepUCTUYHO HEOPTraHMW30BaHeE, BPIO ci1abo cop-
THpaHe, 4eCTO MOHOMUMKTHOTI UJIM OJIMTOMHUKTHOT cac-
TaBa, ca YIJacTUM OJIOKOBHMMA, LITO CBE yKa3yje Ha
BpJI0 Op30 U KaTacTPO(PUYHO TOWEHE U JAEHO3ULH]Y,
0e3 mporpecuBHe abpa3uje TUIMYHE 3a TPAHCIPECH]y.
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Beoma cy 3aHNMIBHBH TIOJIOKaj W THUIIOBH KpEUmaka
Koju cy Habenn y 6azannoj jequaniy. M3 pa3aux jgoka-
JUTETA Cy ONFCaHa IBa THIA KPeUmhaKa — INTUTKOMOpPC-
KU, TOOPYM [IeJIOM CIIPYAHH, U GACEHCKH ca alTHXYCH-
Ma. OmHOCH OBHX THIIOBA HUCY ONWCAHH y TyMaunMa
OI'K C®PJ (1:100.000), memoM 360T BpJIO CIOXKEHOT
cacraBa 06JacTH, a IeJIOM 300T KOHIIECTIINjCKUX Pa3iIi-
ka Mmeby ayropmma. Wmak m3riepga ma je oTBapame
Tpora 3alo4YeTo Y HajTOPHOj jypH Y INTATKOM MOpY ca
CIpy/IOBMa Koje je OmIIo Be3aHO ca MUPOKUM OTBOpE-
HUM U TUTATKAM 6aCEHOM.

MI/IKPOKOHI‘JIOMepaTCKO-apEHI/ITCKa jenmmua

Oga jegunnia, ae6ena 80 mo 100 m, uzgamyje myx
jyroucrouHor oboma GaceHa W y je3rpmMma aHTUKIIH-
Hajna. CacToju ce o KOHIJIoMepaTa, HEOpraHU30BaHUX
IUBYHKOBUTHX Temrdapa (rpy0o3pHUX (eracnaTcKuX
cyOrpayBaka u rpayBaka), MaCHBHEX IlelIrdapa, ammja
KJIU3UIITa, HOPMAJHUX TypOHAuUTa, ajeBpOJUTA U
nonpebenux apyrux damuja. Pyaurn HOce pparmenTe
TUTOH-OEpHUjacKUX KpeuhaKa, KpUCTaJacTUX LIKpPHUIba-
1la U APYrux creHa. YecTu cy oaucTocTpoMi, (PiIyKco-
TypOUIUTU M TaHKU CIIOjeBH KOHIjomepata. IIpore-
HaT CaCO; je HU3aK. Meby TemkuM MuHEpanuma Hc-
Tide ce rpaHat (mpeko 50%), npaheH TypManmHOM,
PYTHIIOM, HUPKOHOM H ipyruma. TypOuauTu cy nogpe-
beran. OHU Ccy TpOKCHMaJTHW, MOKa3yjyhu WHTepBal
rpajanyje U JOmM MHTEPBaj XOPU3OHTAIHE JaMUHa-
nuje. IHTepBaj ¢ HOCH KPYIHY KOHBOJIYLHUjY, a APYIH
uHTepBanu cy BehuHoMm oncyTHu. TparoBu Ha JOHUM
MOBPILIKMMA CJIOjeBa Cy PETKH — OTUCLM TparoBa Teye-
Bba U OTHUCUM TparoBa IpeaMeTa. PeTKu oprancku
TparoBW IMOKa3yjy caMoO HajjeqHOCTaBHUje OOJWKe.
OckyfHa ocMaTpama yKa3yjy Ha JIOHTUTY[AUHaJIHU
Naje0TPAHCIOPT IIpeMa jyr-jyrouCcTOKY.

AJIeBPOJII/ITCKO-er‘llba‘lKa jeJII(IHI(IIla

OsBa jeguHuUIla ce BEPOBAaTHO jaBlhba Yy MOAPYY]Y
Asana—Kocmaj mpeko Memanxka, ca AeOBMHOM Off
100200 m. OHa ce Ty cacToju Of aJIeBPOJIMTA U JIaIO-
POBHUTHX KpeUmaKa, ca HeIlITO KaJKapeHUTa M MUKPH-
Ta. Jemuauna je HajOooJbe pa3BUjeHa y moApyyjy bpyc—
—ITonyjeBo rae sexxu npexo jepuanne A, ca 1e6LIHOM
o 90 no 150 m. Cacroju ce off aJIeBpOIUTCKUX JIAMUHH-
Ta, CATHO3PHUX IpayBaKa, IIMHANA W IJIOYACTHX Ie-
JAIIKAX MUKPUTA, TUCTANHAX TypOWAWTa, HEIITO fe-
MOHATa KJIM3WINTa M PETKUX HOPMAIHUX TYypOUAHTA.
CnojeBu cy BehnHOM TaMHHW, TaHKH, a CacToje ce Off
CHTHO3PHHX CTEHA KOj€ OfITOBApajy CIIOJbIH0] JICTIe3H U
OaceHy, MOXKJIa ¥ aKTUBHOM JIeJy CIIOJbE-E JIeTe3e ca
TOBOJHHO CTpMEM IafimHaMa (knm3uiTa). Hajsehn neo
jemuHUIE Tpaje aleBPOJIUTCKO-TIENUTCKE CTEHE ca
MHOTO (heHOMEHa KIMKemwa. [ pagannona ciiojeBUTocT
je peTka, u mpeoBabyjy pa3HINTH THIOBH JAMUHAIM-

je Teuema. OpraHcke CTPYKType Cy OpOjHE W CIelu-
¢uuare. Y TemKkoj ppakumju mpeoBiabyjy uIMEHAT u
MarHeTHT, Ca PeTKNM IpaHaToM. MukpodayHa je oc-
KyJ[Ha 1 JIOIlIe OUyBaHa (CUTHE III0GOTPpYHKAHE, Paiio-
napwje, 6pro3on, parMeHTH MUITHONU/A) yKa3yjyhu
Ha BaJICHAWH-OTPHUBCKY CTAapOCT.

ApeHI/ITCKO-aJIeBpOJII/ITCKa je;(mmua

To je Hajae6ma jemuunna (mpeko 600 m y I'menuh-
KUM IUTaHWHaMa), Koja m3jamyje Ha HajeheM mpoc-
Topy. IbeH Homu €0 je CHTHO3PHUjH, IOK je TOpHHU
KPYIHO3pHUjU. [IOWH €0 jeqUHNLIE HOCU PETKE U TaH-
Ke (pIAYKCOTYPOUAUTE U ONUCTOCTPOME, OCUM Y 3amaj-
HOM Jieny nofipy4ja Pynauka. TypOGunutu ce cactoje of
TaHKOI' MHTEpBalla rpajanyje, UHTepBajia b, UHTEp-
Balla ¢ ca BpPJIO KapaKTE€PUCTUYHOM CHUTHOM KOCOM H
TajlacacToM JIaMUHAIMjOM, MECTUMMUIIE M KOHBOJYIH-
jom. CexBeHile cy BehmHOM mojiceueHe u oficedeHe, a
TypOupuTu cy yecro noppebenu. Bpno yectn u kapak-
TEPUCTUYHU Cy HETYPOUAMTCKU JIAMUHWUTH, AETIOHO-
BaHU 3PHO-TIO-3PHO, Ca JIAMAHALUM]jOM TeuYeka U CHUT-
HUM TparoBuMa Tajaca KOju yKa3yjy Ha JJOBHU PEKUM
TOKa ca HUCKOM eHeprujom cpepuse. [logmopcka
KJIM3UILITA Cy YecTa y OBOM Jiey jequHuie. Tparosu Ha
MOE-VIM MOBPIIMA CII0jeBa CY PETKH (OTHUCIH TparoBa
OTHpama 7 3aJipama, PETKA CATHA TPAroBH BYUCHA).
Petkm momanm mepenu y moppy4jy 'nmegmha nokasyjy
[ajJeoTpPaHCIopT IpeMa jyro3amnafy, pebe ucroky, a y
nonpy4jy bpyc-IlogyjeBo npema jyr-jyrozamnany, jyry u
jyr-jyroucroky. JlemoHaT! OBOT fiejia je[INHUIle OATO-
Bapajy CHOJbH-0j JIETe3H, ISJIOM U CPeiihOj JIeTe3n ca
neno3unuoHnM J1o6oBuMa. OHM ce BehnHOM cacToje of
AUCTAJIHUX TypOuauTa, Typobunura, pebe on opranuso-
BaHMX LIJBYHKOBUTHUX IelI4apa, MacUBHHUX Ielrdapa,
TaHKUX CJIOjeBa CUTHO3PHUX IelIyapa U BpPJO peTKUx
nenoHara knmsumTa. ITpouenat CaCO; je ynagmbuBO
Hu3ak. CTeHe Cy NMpeTeXXHO CUTHO3PHE JMCKYHOBUTE
rpayBake u aneBposmtu. OBaj meo jeguHUIE Aebeo je
oko 80 m y moxpyyjy Pynauka, a oko 200 m y tseroBoM
3amagHoMm fAeny. Y Imepmhmma pgebibmaa My je OKO
300 m (mpeMa HEKUM TpolleHaMa Jak u mpeko 600 m),
nok y noapy4jy bpyc-IlonyjeBo Bapupa u3meby 150 n
500 m. dayna je Bpno ockyaHa (PymHEK), y BeTUKOM
ielly TpaHCIIOPTOBaHa U3 MIKhUX MapUHCKUX PEruoHa
U ToKa3ana je OapeMm-anTcKy crapocT. 'opmu feo
jemWHAIE je ynajaubuBO KPYITHO3PHH]jH, cacTojehu ce of
nebenocaojeBUTUX apeHuTa M MUKPOKOHIJIOMepaTa
[ETIO3UIMOHNX JTOOOBA Cpefitbe Jene3e, MECTUMULE U
ca KaHaJICKUM acolyjauyjama. KapakTepucTH4Hu cy
OpraHM30BaHM LIJbYHKOBUTH NEIIYapy. MACUBHU Iell-
yapu ¥ HOpMajHU TYpOWAWTH, ca HEIITO AUCTAIHUX
TypOupuTa, OpraHu30BaHUX KOHITIOMEpaTa, HEOpraHu-
30BaHMUX IIJbYHKOBUTHUX IelIYyapa, TBOPEBUHA KIIW3U-
mTa 1 onucrocrpoma. IlaneoTpaHcnopT je y ceBepHOM
leqy Tpora mpema jyr-jyrosamany, a y [megmhuma
npeMa jyrouctoky. [le6muaa n3nocu 350 m y 3amap-
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HOM Jielly Tofipy4ja PymHWKA; Yy HCTOYHOM JIeJTy OBOT
merna jequHUIE Hema, a y I'nepwmhnva pgebibmHa pacre
Ha "Hekux 100 m. IIpema moppyyjy Bpyc—IlomyjeBo
ne6JprHA OBOT Jieia jefuHuIle MOoHOBO pacte Ha 300 m.

Kpeumauko-apeHuTCKa jequHIIA

Oga jequania, Behnaom ne6ema 100 mo 150 m, kapak-
TepHulle ce BUCOKOM cafp:kajeM CaCO; y BehuHu creHa,
U pejaTUBHUM OoraTcTBoM apeHuTa. OHa oprosapa
CHOJbEH0] JIETIE3W Ca W3BECHWM YTHUIajuMa OaceHa o
aKTHBHOT JleJia crojbibe Jerne3e. Cactoju ce Hajpehmm
[eNIOM Off JUCTAIHUX TYpOMAMTAa U TAHKOCIOjeBUTHUX
CUTHO3pHMX Ilelllyapa, ca HeIITO THUIICKUX TypOHAuTa,
JernoHaTa KIM3MIITA U HeNalllKUX 0 XEeMHIEJIalIKuX
TBOPEBHUHA, Y3 MaJIO MaCUBHUX Ierryapa. TypOounuru cy
BehmHOM Oe3 mHTepBasa rpajamyje, ca OCTaanM Jo6po
pa3BUjeHUM MHTepBaanuMa. MECTUMUYHO ce 3amaxajy u
CEHWJIHM TYpPOUJIUTH, alli OPTONIAMUHUTH IIpeoBiabyjy.
HajBaxxuuju cy aneBponuTu, cyorpayBake U BallHOBUTE
rpayBake, 3ajeJ{HO ca JJallopLUMa, JAHOPOBUTHM MUKPU-
THMa U T'PajiipaHuM NECKOBUTUM HMHTpacnapuTuma. Y
TIOWmEM JIeNly jeluHulle TpeoBiabyjy JlaMuHUpaHU Ja-
TIOPLY, a 32 FOPIYU I€0 jeUHULIE KapaKTEPUCTUYHHU CY
KpeuhayKy JaMUHUTH ¥ UHTPACIapuTu y J0OpO OfBO-
jeHnM crojeBuMa. Y TEIIKoj (ppakiuju JOMIHAPA €IH-
IOT, ca HELITO TypMaJluHa U WIMEHHUT-MarHetuTa. Tpa-
TrOBM Ha [OHBMM IOBpIIMMa Cy W3BAaHPENHO PETKH, a
NIPEACTaB/bLEHU Cy YITIABHOM OTHUCLH Tparosa npeaMeTa.
[ManeoTpaHcopT je mpema jyr-jyrozanagy mo jyr-jyro-
HUCTOKY. Y OHMOMKpHUTHMa cy HabeHe CHTHE Iejalike
IJIOOUrepUHE 3ajeflHO ca TPAHCIOPTOBAaHUM hopMmama,
IIITO CBE yKa3yje Ha ajO-IleHOMaH.

Maprunanne jequHune

JyxHu 3aBprierak mapadyiIuirHe oGIacTH KapakTe-
puiIe n3pa3uTa IpoMeHa amnmja, Tako Jia ce jeIHIIe
13 TTIaBHUHE TPOTa BUIIIEe HE MOTY pa3a3HaTty. [lenmoHaTn
Tpora rpajie oBje Nojac MMPOK HEKOJINKO KHIIOMeTapa,
ca ;iBe jemmHUIE KOje ce MehycoOGHO pasnuKyjy: onmc-
toctpomckoM (E1) m kap6onaTHo-KimactuaHoMm (E2).
CrpyKkTypa mojupydja HE HO3BOJbaBa CHTYPHY OApEnoy
OJTHOCa OBHX jeIMHHMIIA, ajiil je OJHMCTOCTPOMCKA BEPO-
BaTHO HIWXa. BOYHM OHOCH OBHX jeIMHMIIA Ca TJIaBHU-
HOM TpOTa HUCY BUIJBUBH, all CE OHE CMATpajy eKBU-
BaJICHTMMa BWIIIVX jeAMHAIA TPOTa, ca MOryhmmM npea-
30M y IleHOMaH. JeInHuIIa TIOKa3yje jacaH MPOKCAMAITHA
KapakTep, IETIOHOBaHa Ha HecTabwiHOj nagnHu. Onu-
CTOCTPOMCKA jeIMHUIIA CE€ CACTOjH YIJIAaBHOM Off OJIH-
CTOCTPOMA, OPTaHM30BaHMX KOHTJIOMEpaTa, MAaCHBHUX
memrdapa u TypOugnTa, HOPMalHUX WM AHUCTAJHUX.
Omucroctpomu cy aebenu u mpeko 10 m. Onu ce cacTo-
je o ameBpHUTCKE OCHOBHE Mace ca KJIaCTAMa | JICIIOBH-
Ma CJIojeBa apeHNTa U3 caMe jeflHuUIIe, ca HEeITo (par-
MeHaTa KpHUCTaJIaCTHX IIKpHibana u3 cycepHe Bememke

cepmje. ApeHUTH rpase faebese cliojeBe ca OpojHEM
memoHaTMMa Knm3mita. KoHrimomeparm cy pebw, ca
BaJynMa BehmHOM Off KBapIia ¥ JINIANTA, 3aje[JHO ca CTe-
HaMa M3 caMe jelMHUIIe y IeNoHaTnMa Kim3umra. Kap-
OOHATHO-KJIaCTMYHA jeWHAIA, fiebesia BEepOBaTHO OKO
150 m, yrnmaBHOM je Tpy6o3pua. OHa ce cactoju ofi iebe-
JUX ClIojeBa KaJNIUPYAUTa ca MAKPOKOHIJIIOMEpaThMa,
rpy6GO3pHIM apeHUTHAMA U JIAMAHIPAHIM JIATIOPOBUATHM
aneBponuTiMa. TypOUINTH ce jaBIbajy caMoO M3Yy3€THO.
XOpHU30HTH KpeUumaka cy ieGenu mo HeKOIIMKO MeTapa,
moKasyjyhu BpJIO 9eCTO KapaKTEPUCTUIHY CEKBEHIY:
pyauTcKE 6a3aHu [eo, ca (pparMeHTHMAa Kpeumaka Jo
10 cm y mpevHHKY; OHF ce Tpajiipajy y KIacTUTE Off Ball-
yTaka mpevyHrnKa 2—3 cm; CEKBEHIIE ce 3aBpIIaBajy rpyoo
JaMPHUPAHAM NECKOBUTHM KaJlKapeHWTHMa W Haj3ap
aucTacTM MuKpuTAMa. Heke cnmyne cekBeHme, ca
HCTOM OpraHM3anyjoM febele Cy U BHUIIle ieKaMeTapa.
Y oBuM jepuHNIIamMa HECY HabeHn ocmm.

Heno3nuuona ucropuja dacena

Pekoncrpykimja kpetama y OaceHy Owmia je yBe-
JIMKO oTeskaHa OpojHuM ¢aktopuma. JlenoHatn Hace-
Ha Cy, TIpe CBera jako TeKTOHU30BaHU, TaKo /la j€ OpHUr-
MHaJHa IIMpuHaA 0aceHa YBEIMKO pefykoBaHa Halu-
palkbeM M TEeKTOHCKUM pacKuakbeM U pa3fiBajalbeM
nenoBa. To je yTumano u Ha HejacHOCT AeOJbUHA U Off-
HOca jefuHNIA. MIHTepnpeTanyja feno3uIuOHIX Cpef-
MHA je Ha HEKUM MeCTMMa HECHUTypHa 3a IOjefinHe
jequHKLe, TOLITO CYy ocMaTpama NnoTrpedHa 3a Jo0u-
jame 3aKkipbydaka Omra HemoBosbHA. OcMaTpama Cy Bp-
LIeHa Y pa3Ha BPEMEHa, Ofl CTpaHe pa3HUX UCTPaKUBa-
ya 1 Ha 0a3u pa3jIM4uTUX cXBaTama. BpemeHcke Koop-
AMHATe jefiuHuIa ofipebeHe cy BpJo HAUIMPOKO U Ha
0a3u ocKyJgHe JOKyMeHTalyje, IIpe cBera 300T peTke u
cnabo ouyBaHe (payHe, Kao M 300T jacHOr Melllarba
(hayHe paznmuTor Mopekya y M3BOpmMa Ioparaka (m3
BaJllyTaka U (pparemaHaTa U3 HCTOJOOHUX TBPEBHUHA;
penenoHoBaHe U3 CTapUjuX CJI0jeBa) IITO je OTexKaBa-
70 uckopuurhaBawke U HMHTEpIpeTanujy HopaTaka.
TTopanu o majaeoTpaHCIOPTY HUCY CUCTEMATCKU IIPU-
KYyIJbaHU TOKOM KapTHpama Tako [a OHO Majo HUX
NOTUYEe U3 M30JIOBAHMX WTHHEpEpa CEeAMMEHTOJIOra.
OBu ofany MoKa3yjy HIMpPOKO pacuname, 3a Koje pas-
JoT HUje jacaH (pacHWmame MaJeoTPaHCIOPTa, IPEBU-
me Mail y3opak). To je yIMHIIO MpaKTHYHO HEMO-
ryhuM pekoHCTpyKIujy reomerpuje OaceHa. Haj3ap,
HHTEepIpeTalyje cy Ouie HEONXOAHO onTepeheHe KOH-
Lemniyjama ucTpaxuBaya IJeroy je HeflocTajajga Ofro-
Bapajyha Marepujamna aprymenTamnuja. 360r Tora cy
Moryha camMo npeluMuHapHa pasmaTpama, 0a3upaHa
Ha nocrojehum nopanuma. Bpio ockyiHa ocMmaTpama
najeoTPaHCIopTa N0Ka3yjy npeosiiabuBame JTOHTUTY-
AMHAJHOT jyr-jyrOMCTOYHOI cMepa, y3 IIMPOKO pa3a-
cyre OOYHe TpaBIe KOjU TOKa3yjy Aa je GaceH OmWo
XpambeH U ca 3amafgHor U ca ucroyHor obopa. To
UCKIbY4Yje uyiejy o AEeNO3UIUOHOM OaceHy Kao MapruH-
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aJTHOM 3acTopy, u AeduHUIIE ra Kao TPOT KOju je ca
0o0e cTpaHe WMao M3BOPWINHA TOApPYYja MaTepujaia.
Ha To Takobe yka3yje M NpUCYCTBO IUIMTKOMOPCKHUX
TBOPEBMHA HAjTOPH:E jype AYyXK fenroBa oba obopa
mapacdaumHaor 6aceHa, ITO HWCKIbYdyje OKEaHCKY
xunoTe3y fenosunyje. Knactuuna 6asa ce jaBiba camo
y nopapyyjy ABana-Kocmaj kao TaHak 3acTOp HCIOA
jemmaune B, m myx mcrouHor obopa moppydja bpyc-
ITonyjeBo, rme rpagu aeGeny nopuwny jepmuune A. To
ymyhyje Ha uyiejy fia je 6aceH CyneproHOBaH Mpeko ogu-
OJIUTCKOI' MeJIaHXXa y XOPU30HTAJIHO pa3yheHoM Ipoc-
TOPY, I'7I€ je TOmEHE IoYeJI0 Ha JyTOUCTOKY, ca KaTac-
TpopWIHIM TIOTakaAkEeM 1 BeoMa Op30M JISHYIAIH]jOM.
CTBOpEH je cucTeM ca IelIOHaTUMa CPEILE JIENE3e CaMO
y ucrouHoM feny noppydja bpyc-IlonyjeBo (jemmamma
A), ca MOryhuM HNEIVMMUYHIM IPOCTHPAEM CBE JO
3amagHOT 060fa. [denoHaTn cnosbie Jenese cuene (je-
puHANA B) mITO ce 3amaska mpakTHYHO AyK IEJOT ¥C-
TOYHOI obOoma. AKO ce y3Me Yy 003up OfCyTHOCT
jemuaune B y jemHOM penty 3amagHOr o6ofa (Bpmim)
MOXK€ ce MNPETHOCTAaBUTH J[la CEeKBEHLa yKa3yje Ha
murpanmjy 6acena mpema uctoky. [lomu aeo jequanie C
(C1), xoju Hampepyje mpema 3amajy, BEpoBaTHO O3Ha-
YaBa jeflHy mporpajjanuoHy ¢as3y npejcTaBibajyhm fae-
MO3ULM]Y Y CPENIHO] IO CIIOJbHH0] JIENe3U ca JeNO3ULNO-
HuUM J1060BuMa. Jeguaune C2 Hema ceBepHO off [ nenn-
ha. OHa je memoHOBaHA Y CpeIb0j JIETIe3H ca KaHAJINMa.
IlojaBmsuBame oBe jeguHume camo y [nmegmhmma u y
nmofipyyjy bpyc-TlopyjeBo Moriio 6u yka3uBaTd Ha Aasby
Iporpajanujy ca u3rpajmboM jefHe yxKe Jiene3e Ha jyro-
WCTOYHOM JieTy obnactu. To moTBpbyje n mameorpanc-
MOPT IIpeMa jyros3amnajy 1 jyr-jyrosanajgy ocMaTpaH Ha
mucty KpasbeBo y 0BOj jequHATIA.

Ckion 6acena

PekoncTpykija nHTEpHE CTPYKTYype OaceHa O6wiia je
YBEJINKO OTeKaHa OpojHuM pakTopuma. Habupame je
BEOMa CJIOKEHO, Ca YECTOM TPAHCIIO3MLIK]OM SS-TIOBPIIIH
U IIMPOKKM TEKTOHCKMM 30HaMa Koje IPeKu/ajy KOHTH-
HynteT jeguHnna. CreneH AedOpMIICAHOCTH je Kpajibe
HeyjegHaueH — TOCTOje MIeNIOBH CTy0a Tfie Cy CIIOjeBH
MUpPHH ¥ YHU(OPMHH, jefiBa nepopMrcCaH, 3ajeJHO ca
[eKaMeTapCKUM [0 XeKTOMETapCcKUM IOpyYyjuMa Koja
Cy Kpajibe fepopMucaHa U pa3IoMIbeHa YK KiIuBaxa
WM WKPUbABOCTH. ['1aBHE S-IIOBPIIM Y BETUKOM JIEITY
cTy0a TpeJicTaBba KINBaX, KOju IeOpMHIIIe CII0jeBH-
TOCT ¥ [0 NOTIYHE TpPaHCIO3UlMje. AHaAIN3a CIOjeBU-
TOoCcTH ypabeHa je Ha pa3TWYNTAM HUBOWMA, Off Hajpe-
THOHAJHHUjEr 0 feTajbHUX. [lujarpamu ckjomna nokasyjy
OpHjeHTalWjy CIOjHUX MOBPIIM 3a Ie0 OaceH Kako je
3a0eyie’KkeHa Ha IITaMIAaHUM KapTaMa M MepeHa Ha
Tepeny (yrynHo 1383 mona; D-01), y cBakoM of 8 610K0-
Ba Ha Koje je Gacen 6wo mopesbeH (D1 mo D8) u Ha
TepeHCKuM ocMaTtpamnma. CBU Amjarpamu cy pabenn
pauyHapckuM nporpamoMm Cdpepucrar, Te ce [OHEKJIe
Pa3lUKYjy Off OHUX KOjU ce paje py4HoO.

Cge ss nogpmmu (D.01)

ITonoBu cnOjeBUTOCTH CY IIMPOKO pacyTu OKO
TJIaBHOT MaKCHMMyMa KOju ofiroBapa many 75/47, ca cy6-
MakcuMymoM 251/46. Cratucrimuka 6-oca Tone 163/3, a
CTAaTUCTUYKA aKcujajHa paBaH je IrpybO BepTHKaJlHa
163-343. OBm mopanu ce TOKJIANAjy ca MPYKambeM
napadumaor Tpora (163-343). Ha nujarpamy mososa
D.01 Bupm ce fa cy mojany jako pacyTH U fia je CKIIOM
cnabo ypeben. Ckion je rpy6b0 MOHOKJIMHUYAH, OfITO-
Bapajyhu BUPTyaTHOM acuMEeTPIUIHOM Habopy ca 60ibe
pa3BUjeHNM CceBepo3alaJHUM U cilabuje pa3BUjeHUM
jyrosanajgHuM KpUJIOM, ca CyOXOPU30HTAIHOM OCOM U
BEPTHUKAJIHOM aKCHjaJTHOM PaBHH.

IIpeBpuyTtH ciojesu (D.02)

Y mmjarpamy D.02 ca 30 momoBa mpeBpHYTHX CJI0jeBa
M0jaBJbyjy Ce JIBa MaKCHMMyMa KOju OATOBapajy Maj[OBuU-
Ma 89/66 m 249/74, a mpahenm cy cybmakcumymmma
63/65, 7/78 n 1/54 ca mpeBpHYTUM CII0jeBUMa CKOPO O~
jemHako pacrnopebeHnMm y o6a makcumyma. To mokasyje
ma Habopm y oOjacTé HeMajy YHU(OpPMHY BepreHIy,
HETO Tpajie HeKy BPCTY Jielie3e ca BepreHaMa u mpemMa
3amaj-jyro3armajny 1 npeMa ICTOK-CEBEPONCTOKY.

Oce nadopa (D.03)

Oce b 6une cy MepeHe Ha CBIM cm-m HabopuMa T7e je
To 6mino Moryhe (ykymao 111 Mepema). ITonoBu rpajne
MaKCHMyM KOjU OfiroBapa TOmewmy of 356/18, ca mmpo-
KUM U JUCKOHTUHYMPaHUM I10jacOM YIPaBHOM Ha OCy d.
obap mpuMep opmjeHTanuje b oca mokasyje aujarpam
D.04 (momen Mephes—Kypiymnuja) rme cy mojaoBu
pacejaHu Iy>K Kpyra ynpaBHOT Ha HOBY b Ocy U ijarpam
D.05 (Mypryna), Tie oce Tpajie MakcumyM Ha 28/60.

Axcujanne nospum (D.05)

Ha tepeny cy mepene 44 akcmjanne moBpimm Habo-
pa, BehmHOM MeTapckux BeamumHa. bpoj mMepema je
JIOCTa Maiy, NOIITO Cy Ha TEpeHy TaKBU HaGOpH OocMa-
TpaHu camo n3y3eTHo. [1omoBu ¢y pacyTn, ca [Ba Mak-
cMMyMa Koju ofroBapajy mamoBmma 98/82 m 49/72.
Haxko cy cTpMmm, OB MakKCHMYMH ce He IOKJamajy ca
BAPTYEITHOM AaKCHjaJTHOM paBHH CBUX IO3HATHX CC
MOBPIIN — OCMAaTpaHd METapcKu HabOpH MOKa3yjy 3a-
MajHy ¥ jyro3anajHy BepreHiy.

Kmusax (D.06)

MexaHn4Ke C MOBPIIHN KOje He MPEJICTaBIbajy CIIOjHE
MOBPIIIA O3HAYaBaHEe Cy Kao KimBax. MI3MepeHo je 166
paBHE y 1esioj obmactu mapaduia. [Qujarpam mo-
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kazyje makcumyme 70/44 m 0/0, mro 6Gm opgroBapao
HabopuMma riaBHe dase.

IIpecek kmBaxa u ciaojesa (D.07)

Kap je knmmBax mapajsenan ca aKCHjaJTHAM TIOBPIIIH-
Ma a Habupame je peryjapHo ca POMOWYHOM WIIH
MOHOKJIMHIYHOM CHMETPHjOM, TIpecedHe mpaBe CIoje-
Ba M aKCHjaTHOT KiIMBaXxa Tpeba ma Oyay mapaienHe ca
pernoHasiHOM ocoM Habopa. [Tnjarpam D.08 mpuka3zyje
125 mpeceka KOHCTpyHCAaHUX Ha CBUM OCMaTpaHAM Ha-
6opuma. ITomoBu cy pacyTd y pacInIHYTOM Tojacy
HOpMajJTHOM Ha OCy d, ca HEKOJNKO MaKCHMyMa Off
KOjUX je peTMOHAJIHOj OCH b HajONMMKW OHAj ca TOme-
wmeMm 148/20. OBo moka3syje fa je cMMeTpwmja CKIIOMNa
6JTCKa TPUKIMHAIHO] CAMETPH]H.

HaGupame — 0,11Ke ncnuTHBambE

Jla 6m ce m3bermno “mermame” cBojcTaBa HAOOPHOT
CKJIOTIa CYBHUIITHOM T'e€HEpau3anijoM oOJacT je mofie-

JbeHa Ha 8 OmokoBa (D1-D8). Hajmamm je Gmok 1
(ceBepo3amagau 000JT) KOjH jeJUHH CapKu 0azy, TOK
Cy ocramu OJIOKOBM Mamhe-BHINE MOJjefHAKE BEJH-
gmHe. TaGenma 1. moka3syje ga camo OG0K 4 M3pa3wWTO
OJICTyTIa jep cy V ’heMy BehITHOM NaJJoBH Ka jyro3amapy,
IOK Y OCTaJIAM GJIOKOBMMA IIPETEKY A OBH Ka jyTOMC-
TOKY.

Huckycnja

Iujarpamu mojeguHavYHUX OJIOKOBA MOKA3yjy fia je
Ieo obacTu mpeTpIeo Girary poTamujy oKo oce a, Koja
Huje Owmina mpaheHa meHeTpaTWBHOM fAedOpPMaIHjoM
creHna (DS8). Bnoxk 4 moka3yje poraimjy oKo oce a, TaKO
la je BEpOBATHO IPEACTAaBHAO OCYy PErMOHANHE PO-
tanje. OBO UCIUTHBaKkE MTOKa3yje Takohe ma ce mpa-
BIJTHOCTH TIO3HATE M3 MOJIela eurconyia feopManu-
ja MOTYy IPaKTHYHO KOPUCTHTHU CaMO y IIMPOKOM CTa-
THCTHIKOM CMUCHY, U [a MOjeAnHaYHa Meperma Tpeba
mocMaTpaTH ca OArOBapajyhoM CyMEOM.
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Stratigraphy of the KrS$ Gradac section (SW Serbia)

RAJKA RaDOICIC', DIvNA JOvANOVIE® & MILAN SUDAR’

Abstract. In the Kr§ Gradac section (near to Sjenica, SW Serbia), a transition of a carbonate platform to
basin facies are outcropped: Norian-lower Liassic shallow-water carbonates, middle Liassic—-lower Dogger
Ammonitico Rosso facies, and upper Bathonian into lowermost Cretaceous deep-water radiolarites in which the
carbonate graded bed and mass flow layer are intercalated.

The presence of a lower Dogger condensed sequence with the Bajocian protoglobigerinid event was hither-
to not evidenced.

It is documented that components of a graded bed are of extrabasinal (upper Triassic—lower Tithonian car-
bonate platform sediments) and intrabasinal (radiolarite, meta-andesite) origin, indicating a tectonic event not
older than the early Tithonian. This tectonic event caused the fracturing of the carbonate platform, also partly
basinal area. Consequently, the age of the graded bed is not older than the lower Tithonian.

In the uppermost radiolaritic sediments in the Kr§ Gradac section (?middle—upper Tithonian—lowermost
Cretaceous), a mass flow layer appears, which contains clasts of intrabasinal origin — different radiolarites,
siliceous radiolarian argillites (some of which are unconsolidated with washed radiolarians and sponge spicules
in a ferruginous sediment), sandstone grains, efc. The mass flow event is estimated as Berriasian.

In the Kr§ Gradac radiolarite succession, the authors recognized two deep-water formations, an older one,
upper Bathonian—lower Tithonian, between hardground (Dogger) and a graded bed, and a younger formation,
which started with a graded bed. This formation, according to its stratigraphic position, corresponds to ?mid-
dle—upper Tithonian—lowermost Cretaceous.

Key words: stratigraphy, Jurassic—lower Cretaceous, carbonates, siliciclastites, condensed limestone sequence,
graded carbonate bed, mass flow layer, Kr§ Gradac section, SW Serbia.

Anmncrpakr. Ha nmokamnretry Kpmm I'pajan oTkpuBeHa je cykimecuja Koja obyxBarta mpesna3 of ¢amuja kap6o-
HaTHe IaTdopmMe 10 NYOOKOBOJHIX OACEHCKUX CEAMMEHaTa: HOPMUKO—IO0IHjaCKUX TUIMTKOBOITHUX KapOOoHa-
Ta, ceiIMeHaTa Cpefllber Jrjaca—Iomber gorepa Ammonitico Rosso ¢anuje u IyOGOKOBOJHHX papuoiaputa (ca
YMETHYTHM KapOOHATHHUM TpajiipaHuM cliojeM u mass flow ciojeM) Koju cy IemOHOBaHU OfI TOpH-er 6aTa 10 y
HajcTapujy JOBY Kpepy.

KonpieH3oBaHa cekBeHIa JOWBET forepa ca IpOTOrNIoOUrepuHuAaMa o caja Huje Ouila eBUieHTUpaHa.

AHanM30M KOMIIOHEHTH I'PaJUPaHOr cll0ja JOKYMEHTOBAHO j€ IPUCYCTBO MIIUTKOBOJHUX CeAUMEHaTa Kap6o-
HaTHe I1aTdopMe Off TOpPHET TpHjaca A0 AOHEr TUTOHA, KA0 U cejIMeHaTa HHTpabaceHCKOT MopeKia (paguo-
JapuTt, MeTaanae3uTr). OBakaB cacTaB IpaJJUPaHOT CJI0ja yKa3yje Ha TEKTOHCKHM norabaj Koju je mpoy3pokoBao
pa3apame kapOoHaTHe IuaTgopme, Kao u fiesla 6aceHCKOT apealna, a KOju HHje CTapHhju Off TOPHEer TUTOHA. Y
HajmiabeM neny paguonapura Kpma I'papna (?cpenu-ropmi TATOH — HajHUXKA Kpejja) eBUICHTUPAH je mass
flow cioj Koju camgpku nHTpaGaceHCKe KilacTe — pa3inuuTe paguosiapuTe, CHIALHjCKe PaoIaphjcKe IIIMHIE
(HIIp. M3 HEKOHCONMOBAHUX MOTHIY UCIIPaHe pafiioJiapHje W CIIUKYJe CIIOHTHja, pacyTe y OCHOBHOM I'BOXKbeBH-
ToM ceguMenTy). OBaj cioj ce npumucyje Gepujacy.

Y cykuecuju papmonapura Kpma I'papna ayropu mpenosHajy aBe AyOoKoBopHe (opManyje: CTapujy, of
ropmer 0aTta 70 JOWmer TUTOHA, M3Mehy XaprpoyHia IpeKo KOHIEeH30BaHe JOMbOJOrepCKe CEKBEHIIE U Tpajiupa-
HOT cJ10ja, 1 Milaby, Koja Mounihe TPaJUpaHuM CIIOjeM, a Ha OCHOBY CTpaTUrpadCcKor IMooxkaja oOaropapa Bpe-
MEHCKOM HHTEpBay ?CpelmbU-TOPHU TUTOH — HajHUXKA [Omka Kpefa.

Kibyune peun: crpaturpacduja, jypa—1oma Kpefja, KapOOHATH, CHINIAKIACTATH, KOH/[€30BaHa KpeUumhadKa
CEKBEHIIa, IpafpaHu KapOoHaTHH ci1oj, mass flow cnoj, Kpm I'pagan, J3 Cp6uja.
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Introduction

The Kr$ Gradac section is well known in the geo-
logical literature of the SW part of Serbia. It, as one of
the most well-exposed and interesting sections belong-
ing to the older Mesozoic of the Dinarids of Serbia and
has inspired geologists for many years, particularly be-
cause of the age determination of the traditional, known
Diabase-Chert Formation of the Balkan Peninsula area.

Except two papers of HAMMER (1921), and PETKOVIC
(1934) in which limestones from this locality were con-
sidered as Triasssic in age, in the other numerous pa-
pers (ALBRECHT 1925; KOSSMAT 1924; LEDEBUR 1941;
CRIC 1954, 1984, 1996; RADOICIC-BRSTINA 1956; RaA-
DOICIC 1962; JovANOVIC Z. 1963; RaMpNoUX 1974; Jo-
VANOVIC O. et al. 1979; GruBic 1980; LiuBovIC-
OBRADOVIC et al. 1998; etc.) different ages, based on
ammonite and brachiopod fauna and microfossil asso-
ciations, from upper Triassic to upper Liassic were as-
signed to these sediments. For the Liassic part of this
section, the unformal name Kr§ pod Gradcem Forma-
tion was proposed (LIUBOVIC-OBRADOVIC et al. 1998;
RADOVANOVIC et al. 2004).

During last 20 years, the radiolarian fauna from radi-
olarites and different siliceous rocks belonging to the
upper part of Kr§ Gradac section was studied (DJERIC
2002; VISHNEVSKAYA et al. 2009; GAWLICK et al. 2009;
unpublished data of S. GORICAN, L. DOSZTALY). Ac-
cording to the results of these studied, the age of Kr$
Gradac radiolarites was documented by different radio-
larian assemblages as being from the upper Bathonian
to the lower Tithonian.

The aim of this paper is to present the stratigraphy
of the Kr§ Gradac section in regards to: a) the con-
densed limestone sequence (the lowermost part of the
Dogger) for which no published data exists; b) the
composition of the graded carbonate bed (which is not
older than middle—upper Tithonian) and its significance
and c) the presence of a mass flow layer of assumed
Berriasian age. The paper is based on new investiga-
tions of the authors, including data of R. RADOICIC,
sampled in 1968, from the carbonate part of section,
which is still lacking. In this manner, presenting data,
especially those dealing with the condensed sequence,
gives a more complex access to fill the lack of the
stratigraphy of the area. The carbonate part of the Kr$
Gradac section was devastated during work on the road
to the Jadovnik Mt. The destruction of the siliciclastics
has continued to date because of stone exploitation for
the construction of roads.

Geological setting

According to the last published geological map (Sheet
Prijepolje 2, 1:50 000, RADOVANOVIC et al. 2004), ophi-
olite mélange in the western and northwestern region
of Sjenica is widely distributed. In the mélange are em-

bedded blocks, olistoliths and slides of carbonate rocks,
gabbros, pillow lavas, ultramafics, as well as some
exotic granite. According to GAWLICK et al. 2009, one
of these sedimentary bodies, below the Middle Jurassic
mélange, is the Kr§ Gradac tectonic slice (carbonates
and radiolarites).

Krs§ Gradac section

The KrS§ Gradac section (Fig. 1; coordinates: X
4793454, y 7416424), is located on the western side of
the road Sjenica—Nova Varos, on the SW slope of the
Gradac Hill. Generally, the geological column of this
section consists of carbonatic and siliciclastic parts
which are in tectonic contact with the mélange.

Kré
Gradac

Brodarevo Q 10 15 km
— —

Fig. 1. Geographic position of the Kr§ Gradac section.

The oldest are massive limestones of upper Triassic
age of the Dachstein type and lower Liassic shallow-
water carbonates, then Middle Liassic-Lower Dogger
Ammonitico Rosso and Bositra-protoglobigerinid facies
which ends with hardground. The succession continues
into middle Jurassic-lowermost Cretaceous radiolarites
in which the middle part is intercalated with the grad-
ed bed and the mass flow layer in the upper part.

In this paper, in the stratigraphic column of the Kr$
Gradac section, only the middle Liassic-lowermost
Cretaceous sediments, which are in five separated units
(Fig. 2, units A-E) were studied.
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Fig. 2. Stratigraphic column of the Kr§ Gradac section (Abbreviations: mf 1 = mass flow layer; HG = hardground).

Unit A

The unit A, 12.3 m thick, is of Middle and Upper
Liassic limestones of Ammonitico Rosso type facies.

In the lower part of unit A (facies with Involutina
liassica), a little known brachiopod of the genus Konin-
ckella is found (Pl. 6, Figs. 11, 12).

The unit ends with a 0.6 m thick, in upper part red-

dish wackestone, with middle Toarcian ammonites: Hil-
doceras bifrons, Lithoceras septatum, Calliphyloceras
capitanioi, Harpoceratoides strangewaysi (CIRIC 1954;
RampNoOUx 1974), and a rich foraminiferal fauna — In-
volutina liassica, Agerina martana, Ophthalmidium cf.
macfadyeni, Trocholina sp., then Lingulina, Dentalina,
Nodosaria and other lagenids (RADOICIC 1962). This
bed is covered by thin hardground.
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Unit B

The unit B is represented by a 1.2 m thick, con-
densed red limestones sequence made up of:

— 0.4 m reddish wackestone with scarce biota;

— 0.3-0.4 m reddish wackestone with rare fossils;

— 0.35 m, wackestone with rare ammonites and bra-
chiopod embryos, mollusk fragments and minute
echinoderm grains (Pl. 1, Fig. 1). This bed in the
upper part passes into dark red, ferruginous perva-
ded wackestone with filaments debris (Pl. 1, Fig.
2), followed by thin hardgound;

—0.01-0.02 m dark red, ferruginous pervaded wacke-
stone with a few ammonite embryos and rare fila-
ments;

—0.02-0.06 m pink limestones in which is clearly vis-
ible a minor discontinuity between (a) slightly
deformed and altered wackestone with a rough sur-
face containing irregularly dispersed Bositra frag-
ments (Pl. 1, Figs. 3a, 4a), and overlying (b) pack-
stone with mm laminae of more or less accumulat-
ed Bositra filaments or fragments, some ammonite
embryos, a few microgastropods, numerous proto-
globigerinids and rare minute Spirillina and Oph-
thalmidium (P1. 1, Figs. 3b, 4b, and 5-7);

—0.05-0.1 m, a very ferruginous dark red sediment
with hardground.

The age of the condensed sequence is lower Dogger.
Limestones, 1 m thick, between middle—?upper Toarci-
an and the Bajocian protoglobigerinids event, according
to the stratigraphic position correspond to the Aalenian.
The latest, uppermost part of the condensed sequence,
a very ferruginous dark red sediment with hardground,
which could be ?uppermost Bajocian—lower Bathonian,
because it is overlain by upper Bathonian—Oxfordian
radiolarites (VISHNEVSKAYA et al. 2009).

Unit C

Unit C, 9.5-10 m thick, is composed of red, green
and dark radiolarites and cherts with intercalations of
red radiolarian shales (Fig. 3). According to the avail-
able data based on radiolarian assemblages and UAZs
(VISHNEVSKAYA et al. 2009) the age of this unit is up-
per Bathonian—Oxfordian.

Unit D

Unit D is represented by a 1.2 m thick graded car-
bonate bed (which laterally became thinner), intercalated
in red radiolarite (Fig. 4a, PIl. 2, Figs. 1-6, Pl. 3, Figs.
1-3). The size of the grains vary from 1-10 mm, and
decrease up into 0.02-0.06 mm in fine-grained, well-sort-
ed calcarenite (Fig. 4b). Between the grains is rare
sparite, at place ferruginous. The components of bed are
mostly different shallow water carbonates, less present

are argillites, siliceous argillites, with more or less fre-
quent radiolarians (some filled with chlorite), radiolaritic
micrites, cherts, spongolites, efc., and grains of magmat-
ic rocks, such as meta-andesite. Quartz grains are rare.

Fig. 3. Siliciclastics of the western part of the Kr§ Gradac
section. The arrows show the position of the graded bed
(unit D).

The shallow-water carbonate grains are mostly
wackestones. Some of them contain unspecified bio-
gene debris, others algae, foraminifera, or different bio-
clasts. Some grains are sparites-biosparites, or rare
ooides. Recrystallized grains also occur. Numerous of
these grains are of Upper Jurassic age and contain:
Clypeina jurassica, Salpingoporella sp.; Radiomura
cautica (Pl. 6, Figs. 1-9) and foraminifera Protopenero-
plis striata, Parurgonina caelinensis, Labyrinthina mi-
rabilis, Mohlerina basiliensis. A few grains can be
ascribed to the Liassic. Grains of shallow water upper
Triassic limestones are also present (Pl. 3, Fig. 3; Pl
6, Fig. 10).

The uppermost part of the graded bed is calcarenite
with sponge spicules (Pl. 3, Fig. 4).

The unit is not older than lower Tithonian, probably
?middle—upper Tithonian.

Unit E

The total thickness of unit E is 3.8 m. It commences
with argillitic limestones, with laminae bearing sponge
spicules and spongolite (Pl. 3, Figs. 5, 6), continues into
parallel laminated red radiolaritic argillites and shales,
shales with radiolarians, cherts, radiolaritic cherts (in
some, laminae radiolarians are deformed, flattened, or
calcified; PI. 4, Figs. 1, 2). This part of unit E, below
the flow mass layer is 1.1 m thick.

Upward the 0.07-0.2 m thick, loosely packed ferrug-
inous mass flow layer occurs (Fig. 5; Pl. 4, Figs. 3-6,
PlL. 5. Figs. 1-3), made predominantly of grains of dif-
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ferent radiolarites, argillites, radiolaritic argillites, un-
consolidated and an unequally destroyed sediment with
large radiolarians. They are partly washed, or washed
and dispersed in ferruginous matter mixed with micro-
crystalline quartz. Grains of rare sandstone fragments
are also present. The components of the flow mass
layer are of intrabasinal origin, which indicates that the
event resulted in intrabasinal destruction of a part of
deep water sediments.

Fig. 5. Mass flow layer of unit E.

The studied stratigraphic column ends with 1.5 m
thick argillitic and ferruginous cherts, radiolaritic cherts
and radiolarites. Very interesting are radiolarians filled
with chlorite or a bed disturbed in a semi-consolidated
condition with rare grains of radiolaritic cherts, sand-

Fig. 4. A, Detailed view of the
different units (C, D, E) from the
Kr§ Gradac section; B, Polished
sample from the basal part of the
graded bed (horizontal section).

stones, carbonized radiolarites and radiolaritic cherts
(P1. 5, Figs. 4-6).

According to its stratigraphic position, unit E is not old-
er than ?middle—upper Tithonian into the lowermost Creta-
ceous. The mass flow layer, presumed the consequence of
intrabasinal activity, can be estimated as Berriasian.

The uppermost part of the radiolaritic sequence of
unit E is followed by tectonite (mélange) in which
cm—dm blocks of meta-andesite (sample MS 2079) are
present.

Discussion

The lower part of the red condensed limestone se-
quence (unit B), between the middle (?partly upper)
Toarcian and Bajocian protoglobigerinid layer, corre-
spond to the ?latest Toarcian—Aalenian time interval.
There is no discussion about to which part of the Ba-
jocian the protoglobigerinid event could be ascribed.
The top of the condensed sequence, i.e., dark red sedi-
ments with hardground, partly ?Bathonian, is overlain
by a red argillite-radiolarite succession. In this lower
part of the sequence, the radiolarian assemblage of up-
per Bathonian to lower Callovian (co-existence of Pte-
rotrabs marculus and C. carpathica ) and the middle
Callovian to Oxfordian (UAZz 8-9 with Archaeodictyo-
mitra minoensis, E. unumaense sl. and Z. ovum) are
documented (VISHNEVSKAYA et al., 2009).

The components of the graded bed (unit D), accord-
ing to data from this paper, are of extrabasinal and intra-
basinal origin. The extrabasinal grains (upper Triassic—
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—lower Tithonian) indicate deposition in carbonate plat-
form/ramp environments (presently, not known in situ in
large adjacent Dinaridic area). Subordinate are grains of
intrabasinal origin, such as siliceous argillites, with or
without radiolarians, radiolarites (some of them are ?Tri-
assic), radiolarian micrites, cherts and magmatic rocks.

The mass flow layer, which occurs in unit E, con-
tains different fragments of deep basinal sediments, in-
cluding those of unconsolidated radiolarite. This indi-
cates a ?latest Tithonian—Berriasian event which caused
the destruction of a part of the deep basin sequence.
The mass flow event is considered as Berriasian.

In the radiolarites from the lowermost parts of the
unit E according to the former investigations (VISHNEV-
SKAYA et al. 2009) the youngest radiolarians of middle
Oxfordian to early Tithonian age (UAZs 9-11 with the
species A. minoensis, Z. ovum and T. brevicostatum)
are documented.

The Kr$ Gradac section represents a typical transition-
al succession from a carbonate platform into a basin: the
uppermost Triassic platform of Dachstein type is fol-
lowed by Lower Liassic shallow-water carbonates. Fur-
thermore, from the middle Liassic to Bajocian, an Am-
monitico Rosso facies of a drowned platform and Bajo-
cian Bositra-protoglobigerinid limestones were sediment-
ed, which ends in a dark red sediment and hardground.
Intensive basin deepening is characterized by sedimenta-
tion of deep basinal radiolarites through the late Batho-
nian into the earliest Cretaceous. The slow basin sedi-
mentation was interrupted during the ?middle—upper
Tithonian (carbonate graded bed), as a consequence of a
tectonic event, i.e., the fracture of the carbonate platform
and also the adjacent area of the basin. This important
tectonic event can not be older than ?latest Kimme-
ridgian—early Tithonian; consequently, unit E can not be
older than the ?middle—upper Tithonian.

Siliciclastics over limestones in the upper part of Kr$
Gradac succession was considered mostly to be a part
of the Diabase-Chert Formation, i.e., volcanogeno-sed-
imentary series or an ophiolitic complex of different
ages: Jurassic (CIRIC 1954), middle—upper Jurassic (Jo-
VANOVIC 1963; CIRIC 1984, 1996) and Tithonian (Jova-
NovIC O. et al. 1979; GRUBIC 1980), etc.

According ToO RamMpNOUX (1974), the breccia interca-
lations inside the siliciclastics (= in this text graded bed,
unit D and mass flow layer in unit E) contain Lias-
sic—Portlandian biota. Therefore, RAMPNOUX (op. cit., p.
46) concluded that an important stratigraphic gap exist-
ed between the middle Toarcian with hardground and
the volcanogeno-sedimentary formation, which was dat-
ed “au moins du Malm supérieur”. Consequently, the
siliciclastics below the breccia intercalations, has also
been ascribed to the upper Malm. Between the under-
lying limestones and the Diabase-Chert Formation, CI-
RIC (1984, 1996) observed certain discordances, which
indicate some tectogenetic movements on the boundary
between the Liassic—Dogger, i.e., to the influence of the
late Kimmerian phase in the Dinarides.

RADOVANOVIC et al. (2004) assigned the siliciclastics
to one unformal Zlatar Formation of upper Triassic— Ti-
thonian age. GAWLICK et al. (2009) treated them as a
Middle to Upper Jurassic/?Lower Cretaceous part of the
Upper Triassic—?Lower Cretaceous tectonic slice below
the radiolaritic-ophiolitic mélange. Besides, the whole
complex succession of Kr§ Gradac is interpreted as “a
tectonic window or as a tectonically incorporated sliv-
er scraped off the footwall due to younger tectonic
shortening” (op. cit., p. 299).

The authors of this paper, also did not include the
mentioned siliciclastites into tectonite (mélange) and in-
side of them recognized two deep-water argillite-radio-
laritic formations: an older, upper Bathonian—lower Ti-
thonian (below the graded bed) and a younger, middle—
—upper Tithonian — lowermost Cretaceous, which com-
menced with the graded bed.

Suplementary note (R. RADOICIC)

The distribution of the Liassic sediments of the proximal
basinal facies (limestones with Involutina farinacciae) in the
eastern Zlatibor Mt. (Dreznik) and Sjenica area (Vrelo) is a
fact that should be mentioned.
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Pe3ume

Crparurpadmja cequmenara JJoKajIuTeTa
Kpma I'pagua (J3 Cpouja)

Jlokanuter Kpm I'papan je ;o6po mo3HaAT y reo-
JIOIIKOj auTepaTypu jyrozamagHor aena Cpouje. Kao
jenan off HajoOJbe OTKPUBEHUX M MHTEPECAHTHUX IPO-
¢una crapujer me3zo3ouka [Qunapuma Cpbuje, 6mo je
TeMa HMCTpakuBarbha Ieojiora M paHuje, HApO4yuToO ca
acnekTa ofipebuBama CTapoCTH TPafULUOHAIHO IO3-
HaTe pAujaba3-poxkHadyke Qopmaluje ca TpocTopa
Bankanckor nomyoctpBa. Hama3m ce Ha 3amajHOj
crparn nyta Cjennna—Hosa Bapom u Ha jyrosamap-
HuM nagmaama 6ppaa ['pagamn. 'eosomku cTy6 je cacra-
BJbEH OJf KApOOHATHUX U CUJIMIMKIACTUYHUX JI€JI0Ba
KOjH Cy Y TEKTOHCKOM KOHTAKTy Ca MEJaHXOM.

Hajcrapuju cequMeHTH Cy MacuBHU TOPHOTPHUjaCKH
Kpeumhalld JaxIITajHCKOr TUMA U JOHOJIUjacKU IUIUT-
KOBOJHU KapOOHaTH, HOCIE KOjUX CJelle CEeUMEHTH
CpefmoNjacke-omoforepcke Ammonitico Rosso u Bo-
sitra-poTOTIIOONTepuHUCKE (hamuje KOju ce 3aBpiia-
Bajy hardground-om. Cykuecuja ce mpoayaBa CpefiH0-
JYPCKO-IOBOKPEHUM paJuoapuTiMa y YHjU je cpefi-
U JIE0 YMETHYT Ipagupany, a y Buiy mass flow cioj.

Y pany cy y okBupY cTpaTurpagckor cryba JoKaiu-
teta Kpur I'pagan npoyyaBaHu caMO cpefilbOIijacko—
—HajHIKU I€JIOBU IOKOKPEJHUX CeJuMeHaTa U OHH Cy
pa3/BOjeHN y TIET jeUHUIIA.

Jenuauma A je me6erna 12,3 m u 4mHE je CpeibO H
TOPHONINjacku Kpeumanu anmje Tuma Ammonitico
Rosso. Jepuanity B rpagm 1,2 m gebena cekBeHIa 1p-
BEHUX KpeumaKa I0’kOofiorepcke crapocTu ca Tpu hard-
ground-a. LlpBeHu, 3eJ€HI, TAMHOCUBU 10 CKOPO L[PHU
PagMoNIapUTH U POXKHAIM Cca YMETHYTHUM LPBEHUM
PafMOJIapUTCKUM IIKPWbLIUMA CaYUbaBajy jeJUHUILY
C mebeny 9,5-10 m; meHa cTapoCT je TOpHmu 6aT—OKC-
¢opn. Jenuanna D je mpencraBibeHa ca 1,2 m gebennm
rpaiupaHiM KapOOHATHWM CJIOjeM KOjH je YIIOXKEH Y
L[PBEHE pajiloJiapuTe U ca cTapolthy Koja Huje cTapu-
ja of momer THUTOHA, a BEPOBATHO je ?AOHU-TOPHU
TUTOH. YKyIHa IeOJpbHA CIUMIAKIIACTATA jeauHnIe B
je 3,8 m, a y \eHIM CpefmhuM [IeIOBUMa Hajla3u ce
0,07-0,2 m gebeo mass flow cmoj. CarmacHo crpaTu-
rpadckoM TONOXKajy jemmamna E Huje crapuja of
?cpenmer—-ropwer TATOHA [0 ¥ HajJHIXKY Kpeqy, a mass
flow cnoj, y3umajyhm y 063up nociieguiie aKTUBHOCTH
yHyTap 6aceHa, Moxe Outn npuxBaheH kao 6Gepujacku.
W3uapn HajBuler fesa paguojapuTCKe CEKBEHIE jefu-
mune E cnegn TekTonuT (Menanx) ca cm—dm 6510KOBH-
Ma MeTaaHJe3UTa.

Jomu Aeo LpBeHe KOHAEH30BaHe KpeymhayKe CeK-
Benne (jemuuuma B), mameby cpenmer (?menuMAIHO
TOpH-Er) TOApCKOr W 6ajecKor MpOTOINIOOUTePHHU-
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CKOT cJI0ja OfiroBapa BpeMEHCKOM MHTepBaly ?Hajkac-
HUjU Toapc—ajleH. Y OBOM MOMEHTY He IOCTOje apry-
MEHTH KOjeM fiey 6ajeca 6u ce MOrao IpUIHACATH MPO-
TornoOurepuHuAcKu pAorabaj. Bpx konpgeH3oBaHE
CEeKBEHIIe, Tj. TaMHO L[pBEHH ceiuMeHTH ca hardground-
OM, JIENMAMHUYHO ?0aTCKE CTApPOCTH je MPENOKPUBEH
L[PBEHOM apTUIIUTCKO-PAANOIapPUTCKOM CYKIIECHjOM.

Y nomweM peny jequnune C TOKyYMEHTOBaHE Cy pa-
IAMOJIapWjCKe acolmjalrje TOpmer 6aTa 0 MOmer Ke-
noBeja (3ajeIHNIKO NojaB/buBamwe Pterotrabs marculus
u C. carpathica) XKao U CpellbeT KeJoBeja o okcop-
ma (UAZz 8-9 ca Archaeodictyomitra minoensis, E.
unumaense s.1. u Z. ovum) (VISHNEVSKAYA et al. 2009).

KowmmonenTte rpagupasor cioja (jenmamnma D), Ha
OCHOBY IIOflaTaKa 13 OBOT pajia, Cy eKCTpabaceHCKOor U
uHTpabaceHckor mnopekna. ExcrpabaceHcka 3pHa
(TopmHu Tpujac—IOKY TUTOH) YKAa3Yjy Ha IETIOHOBAKkE Y
aMOujeHTMMa KapOoHaTHe MmiaTdgopMme/pamne (maHac
HEIO3HATe Ha MECTy y OKBUPY OOIIKEUX IPOCTPAHUX
JwHapuackux permoHa). 3pHa HMHTpabaCEeHCKOT
MOpEeKJIa Cy CUIMLUjCKA apTUjIuTH, ca unu 6e3 paguo-
napuja, paguonaputu (HEKW Of BHX Cy ?TpHjacKu),
pafrosapyjCcKi MUKPUTH, POXKHAIM U METAaHAE3UTH.

Mass flow cioj, n3 Buter fena jequanie E, campskn
pasnuuute pparMeHTe fyOOKuX OaCeHCKUX CeuMeHa-
Ta, YKIbY4dyjyhu U OHEe O HEKOHCOJIUIOBAaHUX Pajiuo-
nmapura. Takobe, oH yka3yje n Ha 7HajKacCHUjU TUTOH-
cKo—Oepwujacku gorabaj Koju je mpoy3poKoBao pa3apa-
Be Jlella ceKBeHIle Ayookor 6aceHa. Mass flow cioj je
pa3MaTpaH Kao Gepujacku.

W3 papuonapura HajHIKuUX ienoBa jequauue E noca-
JalllkAM HcTpaxkuBambuMa (VISHNEVSKAYA et al. 2009)
JNOKYMEHTOBaHE cy HajMjabe paguosapuje cpefmbOooKc-
¢dopacke go powotutoHcke crapoctu (UAZs 9-11 ca
Bpcrama A. minoensis, Z. ovum u T. brevicostatum).

Cenumentu nokanuteta Kpma I'pagua mpepcras-
Jbajy TUIMYHY Ipejia3sHy CyKIlechjy of KapOoHaTHe
mnatgopme y OaceH: CeMMEHTE HAJBUINHX JIeJI0Ba
Tpujacke TuiaT¢opMe MAXIITAjHCKOT THUMa Cliefe JIo-
BOJIMjacKy ITINTKOBOAHM KapOoHaTu. KacHuje, off cpef-
Ber Jmjaca 0 Oajeca, IEMOHOBANU Cy ce Ammonitico
Rosso danmja noTombene miatgopme n 6ajecku Bosit-
ra-MpOTOTIOOMIepUHIACKU Kpeulaly, KOji ce 3aBp-
I1aBajy ca TaMHO I[PBEHUM cefmMeHTOM n hardground-
oM. MIHTeH3MBHO 0aceHCKO NOTalbambe je OKapaKTepu-
CaHO CefiUMEHTalMjoM AyOOKHMX OaCeHCKHUX pajguoiia-
puTa Kpo3 KacHW 0aT A0 y HajpaHmjy Kpeny. Jlarana
OaceHcka ceJuMeHTalyja Ousa je MpeKuHyTa y Bpeme

7cpebA-TOPHY TUTOH (KapOOHATHU TpaipaHu CJI0j),
Kao IMocliefuna TeKTOHCKOr forabaja, Tj. pa3namama
kapOoHaTHe miaTgopMme, a Takohe m OKOIHUX O6Jac-
T 6GaceHa. OBaj 3Ha4YajaH TEKTOHCKH jlorabaj He MOXe
O6uTH cTapuju Off 7HajKaCHHUjeT KNMEPHUIIa—pPaHOT THTO-
Ha, TaKo jja carjacHo ToMe, jeaununa E He Moxe 6utu
cTapyja ofi ?cpefmber—-ropwer TuTOHa.

CununukaacTUTU KOjH ce Hajla3e U3Haj Kpeuwmaka y
ropweM fieny cykuecuje Kpma I'pagna yrinaBHoM cy
cMaTpaHM Kao fieo aujadba3-poxkHaudke dopmarmje, Tj.
BYJIKAHOT'€HO-CeJUMEHTHE CepHje WU O(UOIUTCKOT
KOMTILIeKca pasmuunte crapoct: jypeke (CIRIC 1954),
cpemmo-ropmojypeke (JovaNovie 1963; CIric 1984,
1996), tutoncke (JovanNovi¢c O. et al. 1979; GRUBIC
1980) utq.

RaMPNOUX (1974) HaBOAM ja yMETHYTa Opeda yHyTap
CHJIMIMKJIACTATA (Y OBOM TEKCTY TO je TpafupaHiu Cloj,
jemmauma D) cajpsku MHKpodoOCHie JIHjacko—TIOpT-
nmaHAcke crapoct. Ha ocHOBY Tora RAmMPNOUX (TIpeT-
XOJTHY IIUTAT, CTP. 46), 3aKJbyUyje la MOCTOjH 3HAYAjHA
crpaturpacdcka npasHuHa u3Meby cpepgmer Toapca ca
hardground-oM u ByJIKaHOT'€HO-CEIUMEHTHE (popMalyje
KOja je matupana “au moins du Malm supérieur”. Ca-
[VIACHO HaBEJIEHOM, CUIIMLUKIIACTUTH HCIOJ YMETHYTE
Opeue, MOy Takobe OUTU NPUINKCAHU TOPHEM MalIMYy.
H3meby mopmHCKHX Kpeumaka W nujada3-posKHAYKe
cdopmammje CIric (1984, 1996) 3amaxka Giary AucKop-
MaHIUjy Koja yKa3dyje Ha ofipebeHe TekToreHeTcke
MOKpeTe Ha TpaHuIy m3Meby nmjaca m gorepa, Tj. Ha
yTHUIIa] KacHO kuMepwujcke ¢asze y [Turapugmma.

RADOVANOVIC et al. (2004) yBpurthyjy CAIHIUK-
mactute y HedopManHy ¢opManmjy 3iaTtapa rOpHO-
TPUjacCKO-TUTOHCKE cTapocTu. GAWLICK et al. (2009)
CMaTpajy WX CPEefmO IO TOPHO]yPCKUM—?IOHOKPEN-
HUM [I€JIOM FOPHOTPUjaCKO—?JOHOKPEHE TEKTOHCKE
CIIMILE UCHOJ PAgUOIaPUTCKO-O(PHOIUTCKOT MEJIaHKa.
ITopen Tora, mena KoMIUIeKCHa cykuecuja Kpiia
I'papina je maTepripeTpana “as a tectonic window or
as a tectonically incorporated sliver scraped off the
footwall due to younger tectonic shortening” (mpeTxoj-
HU HATAT, cTp. 299).

AyTopu OBOr' pajia, NOMEHYTE CHIMIMKIIACTUTE
Takobhe He YKIbYUYjy V TEKTOHUT (MENaHX), N y OKBUPY
BUX pa3iukyjy ABe NyOOKOBOAHE aprHJIUTCKO-pajguo-
maputcke ¢opMmalmje: CTapujy, ropH0oO0aTCKO—0H0-
THTOHCKY (MCHOJ TpafipaHor cioja) u Miaby, ?cpen-
HO-TOPHOTUTOHCKY — HAjHIKY IOBOKPEHY, KOja o-
YUbE ca TPaiupPaHuM CJI0jeM.

PLATE 1

Figs. 1-7. Unit B, condensed sequence.

1-2. Sparse biomicrite with rare ammonite embryos and mollusk fragments: on Fig. 2 ferruginous matter pervades
the upper part of the same bed, thin sections RR 5147, RR 5149, Aalenian—?Bajocian.
3-7. Thin sections RR 5150 and RR 5150/1 (sample 09150).
3-4. a) slightly disturbed and altered wackestone with Bositra fragments forms a clear boundary (arrows)
with b) packstone, with mm laminae of more or less accumulated Bositra filaments and numerous pro-
toglobigerinids (see also Figs. 5-7), Bajocian.
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PLATE 2

Figs. 1-2. Contact between units C and D; argillites with rare radiolarians and the basal part of the graded bed: authige-
nous quartz around or inside some micrite grains and crinoid fragment in Fig. 2, thin sections RR 5151/2, RR
5151/3.

Figs. 3-6. Unit D, different components of the graded bed: grains of spongolite (S), argillite (A) and limestones with radi-
olarians (R); in Fig. 6, Salpingoporella sp., thin sections RR 5151/2, RR 5153, RR 5153/1 and MS 2059.
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PLATE 3

Figs. 1-4. Unit D, graded bed.
1-2. Clypeina jurassica and radiolaritic grains, thin sections MS 2057, MS 2053.
3. Grain of the Upper Triassic limestones with foraminifer aff. Galeanella; thin sections MS 2058.
4. Calcarenite with sponge spicules, uppermost part of the graded bed, thin section RR 5155.

Figs. 5-6. Unit E.
5. Argillite with spicules accumulated in parallel laminae; thin section MS 2060.
6. Spongolite, thin section RR 5156.
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PLATE 4

Figs. 1-6. Unit E.
1-2. Siliceous argillites with abundant radiolarians, thin sections MS 2062 and MS 2063.
3-6. Different components in the ferruginous matrix of mass flow layer.
3-4. Grains of unconsolidated dissolved radiolarite with partly washed radiolarians (in Fig. 3, some radiola-
rians are deformed), thin sections MS 2065, MS 2067.
5. Grains of reddish limestones with radiolarians, thin section MS 2067.
6. Grains of calcareous sandstone; thin section MS 2067.
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PLATE 5

Figs. 1-6. Unit E.

1-3. Different components in ferruginous matrix of mass flow layer.

1. Detailed view of Fig. 2 showing dissolved unconsolidated radiolarite with washed and partly washed radio-
larians dispersed in the ferruginous matrix, thin section MS 2066.
3. Radiolarite with siliceous clasts, thin section MS 2069.
4. Chert, thin section MS 2070.

5-6. The mixing of different grains under semi-consolidated condition.
5. Argillite with minute radiolarians (filled with chlorite), thin section MS 2071.
6. Grain of radiolarite, thin section MS 2072.
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PLATE 6

Figs. 1-10. Algae and foraminifera from the graded bed.

1. Dasycladalean fragment, thin section RR 5151/3.

2. Radiomura cautica SENOWBARY-DARYAN & SCHAEFER, thin section MS 2054.

3. Clypeina jurassica FAVRE, fragment (authigenous quartz in the laterals), thin section RR 5151/3.

4. Salpingoporella sp., thin section RR 5151/1.

6. Protopeneroplis striata WEYNSCHENK, thin sections MS 2058, MS 2053.

7. Labyrinthina mirabilis WEYNSCHENK, thin section RR 5151/2.

8-9. Parurgonina caelinensis CUVILLIER, FOURY & PIGNATTI-MORAANO, thin sections RR 5154, RR 5151/3;
10. Foraminifer of a Triassic age aff. Galeanella, thin section MS 2058.

Figs. 11-12. Unit A. different sections of the brachiopod Koninckella sp. (determination by V. RADULOVIC), thin section RR 5146.
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Two look-alike dasycladalean algae: Clypeina isabellae MASSE, BUCUR,
VIRGONE & DELMASSO, 1999 from the Berriasian of Sardinia (Italy)
and Clypeina loferensis sp. n. from the Upper Jurassic
of the Northern Calcareous Alps (Austria)
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Abstract. New material from the Berriasian of eastern Sardinia, Italy, and from the NW of Sardinia pub-
lished by PECORINI in 1972 as “Clypeina sp. A”, allows a better characterization and an emended diagnosis of
Clypeina isabellae MASSE et al., 1999 from the Berriasian of SW France. Another morphologically somehow
similar Clypeina species from the Upper Jurassic of the Northern Calcareous Alps of Austria is described as
Clypeina loferensis n. sp. Remarks on the genera Clypeina MICHELIN and Hamulusella ELLIOTT, a Clypeina-type
dasycladalean alga with proximal bulged laterals, and Clypeina jurassica-sulcata are also provided.

Key words: Dasycladales, Green Algae, new species, emendation, Upper Jurassic, Berriasian, Northern Calcare-
ous Alps, Sardinia.

Ancrpakr. HoBu matepujan u3 6epujaca ucroune Cappunuje, kao u Beh myGiamKoBaHu MaTepHjal Off CTpaHe
PECORINI-a (1972), xao “Clypeina sp. A”, omoryhuo je Goibe cariefaBambe KapaKTEPUCTUYHHX OCOOWMHA OBE
BpCTE U IONYHCKY ujarHo3y 3a Bpcry Clypeina isabellae MASSE et al., 1999 u3 6epujaca jyro3zanagne Ppaniy-
cke. [Ipyra moponomiku cauuna Clypeina u3 ropwe jype CjeBepHuX Kpeumbaukux Ajma, AycTpuja, ONucaHa je
kao Clypeina loferensis n. sp. [late cy npumenoe o pony Clypeina MICHELIN u Hamulusella ELLIOTT, Kao u 0 KJune-
MHaMa ca IIPOKCUMAJIHUM UCIyIYemeM orpaHaka. Tokobe je gaT ocBpt Ha ogHoc Clypeina jurassica u Cl. sulcata.

Kipyune peun: Dasycladales, 3enene anre, HoBa Bpcra, eMeHfallja, ropwka jypa, 6epujac, CjeBepHH Kpedrba-

ykn Anmu, CappuHuja.

Introduction

In 1999, MASSE et al. described the new dasyclada-
lean alga Clypeina isabellae from the Middle—Upper
Berriasian of southern France. As the description was
based mainly on transverse and oblique sections, some
biometric parameters (e.g. verticil spacing = h) and
morphological details (e.g. connection of the laterals
with the main axis) are unknown. Denoting that this
species is only recorded from its type-locality, to the
authors obviously escaped notice of the good illustra-
tion of the same taxon from the “Purbeckian” of NW
Sardinia shown by PECORINI (1972, as Clypeina sp. A).
Since its description, Clypeina isabellae was so far
reported from the Upper Jurassic of Romania (Bucur
& SASARAN 2005, without illustration) the Northern

Calcareous Alps of Austria (SCHLAGINTWEIT & EBLI
2000, without illustration; SCHLAGINTWEIT 2005, C. aff.
isabellae). Well-preserved and abundant material from
the Berriasian of Eastern Sardinia allows the redescrip-
tion and emendation of Clypeina isabellae. Additional
material from the Upper Jurassic of the Northern Calca-
reous Alps shows the distinctiveness of the Alpine spe-
cimens, here introduced as Clypeina loferensis sp. n.

Geological Setting
Northern Calcareous Alps

Clypeina loferensis n. sp. was found in brownish
marly limestones (wackestones) referred to a restricted
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lagoonal facies of the Late Jurassic shallow-water evo-
lution of the Northern Calcareous Alps known as Plassen
Carbonate Platform, respectively the so-called Lirchberg
Formation (FERNECK 1962; DARGA & SCHLAGINTWEIT
1991; Dya 1992; SCHLAGINTWEIT & EBLI 2000; SCHLA-
GINTWEIT 2005; SANDERS et al. 2007, for details). Rarely,
the new species occurs also in mass-flows of the Barm-
stein Limestones containing clasts of PCP lagoonal fa-
cies (STEIGER 1981; GAWLICK et al. 2005).

Based on previous studies on the facies evolution of
the Plassen Carbonate Platform (e.g. SCHLAGINTWEIT et
al. 2005) and the accompanying microfossils, Clypeina
loferensis sp. n. was identified in samples ranging from
Late Kimmeridgian to Tithonian (?Early Berriasian).
The samples containing the new species are coming
from the following localities.

Mount Dietrichshorn. Mount Dietrichshorn is locat-
ed about 3 km north of Lofer, topographic map of
Austria no. 92, sheet Lofer. The Lérchberg Formation
of Mount Dietrichshorn was investigated by DARGA &
SCHLAGINTWEIT (1991) and Dya (1992).

Mount Lérchberghorndl. Mount Lirchberghorndl
and its eastern part, the Lofer Kalvarienberg, are the
type-locality of the Lirchberg Formation established by
FERNECK (1962). Topographic Map of Austria no. 92,
sheet Lofer. Literature: DyA (1992), FERNECK (1962).
Mount Lérchberghorndl is the type-locality of Clypeina
loferensis sp. n. (Fig. 1). Samples were taken at the
way along the Loferbach (samples LOF) and the so-
called Konradsweg (KOWG) and Ensmannsteig (ENS).

Mounts Litzelkogel-Gerhardstein. Lirchberg Forma-
tion. Topographic map of Austria no. 92, sheet Lofer. Li-
terature: DyA (1992), FERNECK (1962), not DYA (1962).

Mount Trisselwand. Plassen Formation. East of Lake
Altaussee. Topographic map of Austria no. 96, sheet Bad
Ischl. Literature: SCHLAGINTWEIT & EBLI (1999).

Mount Zwerchwand. Barmstein Limestones. Mount
Zwerchwand is located near Bad Goisern in the central
Salzkammergut area. Topographic Map of Austria no.
96, sheet Bad Ischl. The occurring Barmstein Limesto-
nes (mass-flows, breccias, calciturbidites) are intercalat-
ed in calpionellid-bearing limestones. Late Tithonian is
evidenced by the occurrence of Crassicollaria interme-
dia (DURAND-DELGA).

Sardinia

Within the ambit of studies on the sedimentary cover
of Eastern Sardinia, which have continuing for many
decades at the Department of Geosciences of the Uni-
versity of Padova, detailed litho- and biostratigraphic
analyses have been carried out on the carbonate platform
deposits of Late Jurassic—Early Cretaceous age cropping
out in the Oliena—Orgosolo—Urzulei massif (the so-called
Supramonte). These researches have led to findings of
abundant macro- and micropalaeontological associations.
In particular, as regards calcareous algae, as well as spe-

NCA: Northern Calcareous Alps

Fig. 1. Topographic sketch map of the type-locality of Cly-
peina loferensis n. sp. near the village of Lofer, Austria.

cies already quoted in the literature for Sardinia and
other European regions, forms not referable to any
known taxa were identified. Among these, Clypeina dra-
gastani and Salpingoporella granieri were erected by
DiENt & RaDpoICI¢ (2000) for dasycladaleans occurring
in beds of Early Berriasian age of the Sa Marghine Ruja
section, in the Oliena territory (Fig. 2). This section rep-
resents the terminal part of the very thick Mt. Bardia
Limestone formation, the age of which is Tithonian to
Berriasian in most areas, but locally extending down-
wards into Kimmeridgian and Oxfordian. The Titho-
nian—Berriasian interval of the lithostratigraphic unit is
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Fig. 2. Geological sketch map of the Lanaittu area (Oliena, Eastern Sardinia). 1, Quaternary deposits; 2, Lutetian polymictic con-
glomerates (Cuccuru ‘e Floras Conglomerate); 3, Upper Santonian—Maastrichtian marls (Lanaittu Marl); 4, Upper Cenoma-
nian-Lower Santonian marly and in places cherty limestones (Gorropu limestone); 5, Valanginian—Upper Aptian marls and lime-
stones (Orudé Calcarenite—Borrosca Limestone); 6, Bathonian—Berriasian dolostones and limestones (Dorgali Dolostones and
Monte Bardia Limestone); 7, Overturned beds; 8, Fault; 9, Sa Marghne Ruja section (from DIENI ef al. 2000, modified).

characterized by a rather uniform facies association, cor-
responding to a generalized peritidal environment with
well-developed microbial mats and fine-grained fenestral
limestones. A regressive acme is reached in the upper
part of this complex, which is marked by many horizons
of black-pebble breccias, mud-cracked laminites and oli-
gotypic assemblages consisting of charophytes, ostracods
and small mollusks suggesting a scenario of wide supra-
tidal flats disseminated with lagoonal to fresh-water ponds.
The succession is commonly split into a number of high-
frequency metre-scale cycles (DIENI & MASSARI 1985).
One of the best exposures illustrating the peritidal
deposits is just that of Sa Marghine Ruja (Fig. 3), where
the depositional pattern shows the characters of the well-
known ‘“Purbeckian facies”. This section (illustrated by
DIENI & MASSARI 1985 under the name of “Sa Oche sec-
tion”) is located within the Lanaittu valley, which is a
structural depression corresponding to an asymmetric
syncline bounded by a NNE- trending fault system on
the eastern side (Fig. 2). Within the mud-cracked almost
barren laminated facies, volumetrically dominant, a num-
ber of packstone layers are intercalated, rich in micro-
fossils of restricted environment, peloids and flat intra-

clasts. These facies are thought to represent the record
of storm flows intermittently encroaching on mud-crack-
ed supratidal flats and depositing their load from suspen-
sion. A slight transgressive trend and increasing open-
marine influence is suggested by the upward increment
in number of these layers and appearance in the upper-
most layer package of higher-diversity fauna and flora.

In the Sa Marghine Ruja section, the Tithonian—Ber-
riasian boundary can be traced with sufficiently good
approximation only by means of the content in plant
remains, since foraminifers give no significant informa-
tion from the bio- and chronostratigraphic viewpoint.
The boundary may be located approximately between
beds 848 and 851 (the sample numbers were marked
with colored enamel paint on the beds cropping out
along the studied succession). As regards Dasycladales,
starting from bed 857, in addition to species already
quoted in the Upper Jurassic, such as Actinoporella
podolica (ALTH), Clypeina maslovi (PRATURLON), Cly-
peina solkani CONRAD & RADOICIC, Otternstella lem-
mensis (BERNIER) and Salpingoporella annulata CAROZ-
7l there are taxa which, at least until now, have only
been recorded beginning from the Berriasian, such as
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Fig. 3. Sa Marghine Ruja section (Oliena, Sardinia) (from DIENI ef al. 2000). Legend: 1, Limestone; 2, Bioclastic limestone;
3, Nodular, styolite-bearing limestone; 4, Crumbly limestone; 5, Fine-grained limestone subdividing into flakes; 6, Marly lime-
stone; 7, Mud-cracked, thin-laminated calcilutite; 8, Mud-cracks; 9, Intraformational clasts, commonly blackened by organic
matter; 10, Burrows; 11, Borings by bivalves; 12, Bivalves; 13, Gastropods, mostly nerineids(N): L = Leviathania leviathan
(PicTeT & CAMPHICE); 14, Ammonites; 15, Ostracods; 16, Lithocodium-Bacinella; 17, Dasycladaleans; 18, Charophytes; 19,
Codiaceans; 20, Algal lamination; 21. Disconformity.
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Actinoporella  jaffrezoi GRANIER, Clypeina estevezii
GRANIER, Clypeina parasolkani FARINACCI & RADOICIC
and Salpingoporella granieri DIENI & RADOICIC. In ad-
dition, in this bed 857 and downwards until bed 853
(for a total thickness of about 170 cm) is just present
Clypeina isabellae MASSE, BUCUR, VIRGONE & DEL-
MASSO, subject of this note, and until now only known
from the Berriasian of Provence (SE France, Fig. 4)
(“I’espéce n’est pas pour le moment connue que du
Berriasien moyen et supérieur de Basse Provence. La dif-
ficulte de separer clairement le Berriasien inférieur du
Berriasien moyen conduit a penser qu’elle pourait exister
des le Beriassien inférieur”, MASSE et al. 1999, p. 240).

7996 Clypeina aff. parasolkani RADOICIC & FARINACCI —
ERCEGOVAC, JEREMIC & RADOICIC: pl. 2, figs. 1-9.

2005 Clypeina aff. isabellae MASSE et al. — SCHLAGINT-
WEIT: pl. 2, fig. 11.

Origin of the name. The specific name refers to the
village of Lofer, near the German—Austrian border (Fig.
1).

Holotype. Oblique transverse section figured in Pl. 1,
fig. 9, thin-section BSP-2009-XI-1, deposited at the Ba-
yerische Staatssammlung fiir Paldontologie und Histo-
rische Geologie (BSP), University of Munich, also
other 9 thin-sections (BSP-2009-XI-2 to -10). For the
type-locality the original sam-
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ple numbers refering to the in-
dications in textfigure 1 are
given.

Isotypes. All other figura-
tions.

Type-locality. The so-called
Konradsweg along the Lofer
Kalvarienberg and the SE slope
of the Lirchberghorndl, located
on the topographical map of
Austria 1:50 000 OK 92 Lofer
(Fig. 1). This locality corre-
Ca sponds to the profile no. 7 de-
scribed by Dya (1992: p. 22-24)
LiB and is also the type-locality for
Carpathocancer? plassenensis
(SCHLAGINTWEIT & GAWLICK)

(SCHLAGINTWEIT et al. 2003, Fig.

B O, B B8, HiHs —s [ 7

Fig. 4. Partial Late Tithonian—Berriasian palacoenvironmental map of the western Me-
diterranean area (from FOURCADE et al. 1993, simplified and modified, approximative
scale 1 : 400 000). Legend: 1, Exposed land; 2, Margin-litoral and lacustrine envi-
ronments; 3, Shallow platform; 4, Terrigenous shelf and shallow terrigenous basin;
5, Chalky platform; 6, Slope or shelf edge/slope boundary; 7, Slope and deep basin
above CCD. S — Sardinia (for the other acronyms see FOURCADE et al. 1993). Dached
line — Possible “endemism” area of Clypeina isabellae (1. Provence, 2. Western Sardi-

nia, 3. Eastern Sardinia).

Micropalaeontological Part

Order Dasycladales PASCHER, 1931
Genus Clypeina (MICHELIN 1845) BASSOULLET et al.
1978

Clypeina loferensis sp. n.
Fig. 5 A-J; PI. 1, Figs. 1-17,

1985 Clypeina sp. A PECORINI — BERNIER: 487, pl. 8, figs.
1-7.

1992 Actinoporella podolica (ALTH) — DYA: 68, pl. 7, figs.
6-8.

1) (coordinates: length 12°41°,
width 47°35).

Type-level. Light brown
wackestone of the Léarchberg
Formation sensu FERNECK (1962)
containing stromatoporoids, Cly-
peina loferensis sp. n., Salpin-
goporella  annulata CAROZZI,
Rajkaella gr. bartheli (BERNI-
ER), Clypeina catinula CAROZZI,
Clypeina jurassica FAVRE & RI-
CHARD, more rarely Deloffriella
quercifoliipora GRANIER & MI-
CHAUD and benthic foraminifers among which Anchispi-
rocyclina lusitanica (EGGER).

Age. Tithonian, presumably Late Tithonian.

Diagnosis. Medium-sized dasycladalean alga with
clearly spaced-out laterals inclined upwards 60°-80° in
respect to the main stem, euspondyl in arrangement.
Laterals elongate, fusiform, and connected to the small
main stem starting from a comparatively narrow pore.
Along their distal half the laterals are clearly separated
from each others. Thin calcification covering main axis
and laterals.

Dimensions. Outer thallus diameter (D) 0.48-1.92 mm
(mean value: 0.79 mm, n = 11); inner thallus diameter
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Fig. 5. Clypeina loferensis n. sp. (A=J) and Clypeina sp. (K) from the Upper Jurassic (Kimmeridgian—Tithonian) of the
Northern Calcareous Alps (Austria, Germany). A, Tangential-oblique section, sample LOF-3, Lofer Kalvarienberg-Lérch-
berghorndl; B, Transverse section, slightly oblique, sample DIE-163, Mount Dietrichshorn; C, Oblique section of a specimen
with comparable large main axis and unusual high number of laterals (?17), sample Die-Gipfel, Mount Dietrichshorn;
D-F, Oblique sections, samples ENS-1, LOF-2 and DIE-8; D-E, Lofer Kalvarienberg-Léirchberghorndl; F, Mount
Dietrichshorn; G, Longitudinal section, cutting one vertcil; note upward bending of laterals, sample EIS-7, Lofer
Kalvarienberg-Lirchberghorndl; H-I, Oblique-transverse sections, sample DIE-164, Mount Dietrichshorn; J, Transverse sec-
tion, slightly oblique, sample DIE-165, Lofer Kalvarienberg-Lérchberghorndl; K, Transverse section of Clypeina sp. with tiny
main axis, low number of nearly unfused laterals interpreted as top part of the thallus, sample EIS-7, Mount Dietrichshorn.

Scale bars = 0.3 mm.

(D) 0.06 mm to 0.8 mm (mean value: 0.19 mm, n = 20).
Due to the many oblique sections in our material and the
inclination of the laterals only few data about the d/D
ratio are available ranging from 0.24 to 0.32 mm (mean
value 0.27, n = 8). For the verticil spacing (h) only two
values are available, 0.32 and 04 mm. The maximum
pore diameter (p) is 0.145-0.16 mm. Number of later-
als/whorl (w): 8-16 (most values between 10-12).
Description. Medium-sized representative of Cly-
peina with a small main axis amounting to less than
1/3 of the total diameter. Calcification of laterals and
main axis is thin (thickness 0.02 to 0.04 mm). Due to
the weak calcification of the main axis, longitudinal
sections comprising two or more consecutive whorls
are rare; in no case more than two verticils were
observed (PI. 1, fig. 4). Secondary non-fibrous calcifi-

cation present at the base of the laterals. Most proba-
bly the distal parts of the laterals were poorly if at all
calcified, open to its exterior. Laterals are elongate-
tubiform, inclined to the main axis (60°-80°), connect-
ed to the axis by a small pore (Pl. 1, figs. 1, 5). Due
to their inclination, the laterals show a slight asymme-
try in longitudinal sections (Fig. 5G). The upper side
more or less directly stretches away from the axis,
whereas the lower side of the lateral is a little bit more
rounded, however, without forming a downward bulg-
ing. Transverse sections through the lower part of a
verticil with less inclined laterals give rise to a more
regular rosette (Pl. 1, figs. 2, 11); in these cases later-
als are circular to ovoid in longitudinal sections. The
laterals stay in contact for 1/3 to 1/2 of their length
before becoming untouching, individualized. Normally,



Two look-alike dasycladalean algae: Clypeina isabellae MASSE, BUCUR, VIRGONE & DELMASSO, 1999 from the Upper Jurassic 49

the laterals are gradually widening, seemingly becom-
ing narrower again toward their distal ends. The verti-
cils are rather widely spaced-out.

Comparisons. Clypeina loferensis sp. n. is closely
related to Clypeina isabellae MASSE et al. differing
from this species above all by the lack of a bulge at
the lower side of the lateral’s proximal parts. Moreover,
the observed intralateral fibrous calcification of C. isa-
bellae and C. jurassica is missing in C. loferensis sp.
n. Both species share similar dimensions also with a
comparable variation grade of rare tiny and large spec-
imens; the weak calcification of the membran of the
laterals is present in both species.

Occurrences. Austria (Northern Calcareous Alps, this
work), Montenegro, Switzerland (?) (see synonymy).

Clypeina isabellae MASSE, BUCUR, VIRGONE &
DELMASSO, emend.
Pl. 2, Figs. 1-24; Pl. 3, Figs. 1-20

1972 Clypeina sp. A — PECORINI: 378, fig. 3, a—f, non
g and h.
21998 Clypeina sp. A PECORINI — EBLI & SCHLAGINTWEIT:
15-16, pl. 3, figs 1, 7, 79.
non 1985 Clypeina sp. A PECORINI — BERNIER: 487, 746, pl.
8, figs. 1-7.
1999 Clypeina isabellae nov. sp. — MASSE, BUCUR,
VIRGONE & DELMASsO: 237, pl. 2, figs. 1-8.

Original diagnosis. Petite espéce de Clypeina a thal-
le calcifié fibreux jaunitre, a ramifications fertiles co-
urtes, peu nombreuses, de section subcirculaire, soudées
sur la plus grande partie de leur longueur (MASSE et al.
1999, p. 237).

In the description of their taxon, the authors further-
more added that the laterals are connected to the main
axis by a short peduncle, poorly if at all recognizable
in the original figurations.

Emended diagnosis. Tallus of elongate-cylindrical
main axis bearing spaced-out fertile whorls of horizon-
tal or slightly upward inclined (up to 16°) laterals. Re-
latively large tubular fertile laterals, containing ampul-
la, of slightly irregular shape with a small bulge on the
lower side immediately near the main axis; in trans-
verse section they are distally somewhat narrower. The
skeleton prevailing consists of fibrous yellowish calcite,
but also of colorless calcite. Individual calcification of
laterals affects only their proximal and middle part,
whereas the distal area is uncalcified. Main axis is fee-
ble calcified. Very thin primary calcification character-
izes also the wall of laterals, while yellowish calcite is
intracellular deposition, usually united with wall skele-
ton by recrystallization.

Dimensions. The size of the Sardinian specimens va-
ries more than 1: 3. D: 0.23-0.74 mm, d: 0.081-0.31 mm.
The number of laterals per whorl is 6-15, generally
varies between 10-12, rarely arrived to 14, exception-

Fig. 6. Clypeina cf. isabellae (= Clypeina A PECORINI, 1972,
fig. 3d). Nura, NW Sardinia.

al are 6 or 15 laterals. Amongst the small-sized speci-
mens, that one with an inner diameter of 0.123 mm and
10-11 laterals and another with 6 laterals and an inner
diameter from 0.081 to 0.125 mm are worth noting (Pl.
2, Figs. 19, 22). Distance between consecutive whorls
0.020-0.030 mm. The main axis diameter is nearly of
the same value as the length of the calcified part of the
laterals, only sometimes larger and exceptionally small-
er. Unique, extremement large specimen, here present-
ed as Clypeina cf. isabellae (Fig. 6) derives from the
Purbeckian of NW Sardinia (Nurra) illustrated by PE-
CORINI (1972, Fig. 3d). The dimensions of this speci-
men (D: 1.15 mm, d: 0.48 mm) were obtained from the
thin-section of the PECORINI collection. The similar
example of an extreme large specimen in the popula-
tion of Clypeina marginiporella MICHELIN was present-
ed by GENor (1987, pl. 26, fig. 1) as C. cf. margini-
porella.

Description. As the main axis is weakly calcified,
scattered individual whorls are prevailing, rarely two
successive whorls, or, exceptionally four whorls as
those in Pl. 2, Fig. 18, are preserved. Whorl rosette
generally has very regular shape; in specimens with
elevated number of lateral they are irregularly com-
posed, somewhat overlapped (Pl. 2, Figs. 5, 14). Adja-
cent laterals, depending of their number per whorl, may
be more or less fused. In some very deep tangential
section of specimens with elevated w number they
occur, along fused portion, laterally congested having
flattened shape (Pl. 2, Fig. 10). The bulge in the ini-
tial portion of whorl is clearly visible in number of lon-
gitudinal and different tangential sections shown on
Plates 3 and 4. In transverse sections through the lower
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part of the whorl, the bulges occur as small circles
around the main axis (Pl. 2, Figs. 1, 8), and this results
also in some oblique sections (Pl. 3, Fig. 16). Ampullae
are rarely preserved, usually as remains of calcite filling
(PL. 2, Figs. 15, 18, 21). Only well preserved ampulla
(Fig. 7; PL. 2, Fig. 9) is enclosed in intracellular calcifi-
cation (as in Clypeina jurassica, Figs. 8A, B).

Fig. 7. Clypeina isabellae MASSE, VIRGONO & DELMASSO
(= PL. 2, Fig. 9), transverse section with well preserved
ampulla enclosed in the intracelular calcification, from the
Upper Jurassic of Podgorica, Montenegro.

Relationships. Clypeina isabellae is related to the
group of Clypeina species characterized by a more or
less expressed bulge on the proximal lower side of lat-
eral’s wall (= small lower protuberance of DE CASTRO,
1997, pl. 20, fig. 1) including Cl. digitata (PARKER &
JONES), Cl. neretvae RADOICIC, Cl. inopinata FAVRE, CI.
jurassica FAVRE & RICHARD, Cl.? sedalanensis ELLI-
oTT, and Cl. liburnica RADOICIC. It is especially simi-
lar to Cl. inopinata and Cl. jurassica having intracel-
lular filling by fibrous yellowish calcite, but differs in
form of laterals.

Species with larger bulges such as CL.? sedalanensis
and Cl. liburnica, according to BARATTOLO (1998, p.
84), belong to genus Hamulusella ELLIOTT as the “short
proximal portion below the junction point” of the pri-
mary lateral “... is not visible or recorded in the type-
species of Clypeina”. Consequently, the question is:
which value of the bulge size can be taken as genus
specific and is it an important character for distinguish-
ing the two genera Clypeina and Hamulusella? Note-
worthy, that the genus Hamulusella was considered a
junior synonym of Actinoporella by GRANIER (1994), a
view that is not followed here (see also BARATTOLO,
1998); other authors, though recognizing its affinities to
Clypeina, maintained its validity (DELOFFRE & GENOT
1982; DELOFFRE 1988; DELOFFRE & GRANIER, 1992;
GRANIER & DELOFFRE 1993).

Fig. 8A, B. Clypeina jurassica FAVRE & RICHARD, fragments
of transversale sections with imprints of ampulla, from upper
Jurassic of Podgorica, Montenegro, thin section RR1015.

Occurrences. Clypeina isabellae is so far known
from SE France (type-area) and Sardinia (Fig. 4).

The thin-sections with Clypeina isabellae MASSE et al.
from the Berriasian of Sardinia are housed in the Museo
di Geologia e Paleontologia, University of Padova.

Remarks on Clypeina jurassica FAVRE &
RICHARD — Clypeina sulcata (ALTH)
relationships

Actinoporella sulcata (ALTH) is known only as an
imprint of transversal whorl’s section from the Upper
Jurassic Nizniéw Limestone of the Ukraine illustrated
by P1a (1920, PI. 7, Fig. 8). Since that time, the species
has not again been identified. RADOICIC (1969) men-
tions that Actinoporella sulcata more appropriates to
some Clypeina (cf. jurassica?). With respect to PIA’s
illustration, CONRAD et al. (1974) stated that undoubt-
edly there is a close resemblance to Clypeina jurassi-
ca or Clypeina inopinata, thus, necessitating the study
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of further material from its type locality. In the mono-
graphy of Jurassic—Cretaceous dasycladaleans provided
by BASSOULLET et al. (1978, p. 32), Actinoporella sul-
cata (was regarded a synonym of Clypeina jurassica
although the former was described prior to the latter.

GRANIER & BRUN (1991) were considering Clypeina
jurassica as a junior synonym of Clypeina sulcata
without going further into discussion. Consequently, C.
Jjurassica was not included in the “Critical Inventory”
provided by GRANIER & DELOFFRE (1993). It is worth
mentioning that no sulcata specimen or fragment was
identified in 6 samples (8 thin slides, R.R.) from the
type-locality which were kindly collected by S. PASTER-
NAK (The National Academy of Sciences of Ukraine).
Even in case where Clypeina jurassica (not inopinata)
would be documented as junior synonym of Clypeina
sulcata, there would be some solid arguments in favour
of retaining the name jurassica as nomen conservan-
dum. The present authors will refer to the General
Committee of ICBN with an appropriate recomendation
for a ruling this matter.
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Pe3ume

JIBHje cimuHe Ja3uUKIafanejcKe aare:
Clypeina isabellae Masse, Bucur, Virgone &
Delmasso, 1999 n3 6epujaca Capaunuje
(Mramuja) u Clypeina loferensis sp. n. u3
ropme jype CjeBepHuX Kpeumauykux AJmna
(Aycrpja)

Ha ocHoBy 6oraTor ocuiiHOT MaTepujana u3 6epu-
jackmx cegumeHnata 3amnajie (PECORINI 1972) u uctod-
He Cappunnje (I. DIENI), 1aTa je momyHCKa iujarHo3a 3a
Bpety Clypeina isabellae MASSE et al., 1999, xoja je
Owmia onucaHa u3 6epujackux cepuMenara [IpoBaHce, a
Ha OCHOBY TIpecjeKa KOjHi HUjeCcy MOTIIH JaTH CBE MO-
faTKe 0 BbeHoj rpabu. IlpuTom, ayTopu cy npeBupenu
pan PECORINI (1972) y KojeM je oBa BpcTa Omiia puKa-
3aHa kao Clypeina sp. A. OBOM IPWINKOM YBOIH C€
Clypeina loferensis sp. n. u3 ropme jype CjeBepHux
Kpeuymhaykux AJlla KOoja y HEeKHM IpecjeluMa HMma
cmmaHocT ca Clypeina isabellae.

Clypeina loferensis sp. n.

XoI0THI: IICKOIIIEH MOTIpevaH NpecjeK MpuKa3aH Ha
Tabmm 1, cn. 9, mpen. BSP-2009-X1-1.

Mujarmo3a: [la3smknafanea cpefme BEIUYMHE ca
paBHOMjepHO pacmopebeHnM mpuIbeHOBHMa OTpaHa-
Ka, moj Harmbom 60°-80° mpemMa rIaBHO] OCH, KOjH CY
SYCIOHIITHO pacnopebenn.

Orpannu cy ¢ycndopMHOT 00JIMKa, TPOKCUMAITHAM
[WJIEIIOM Y JaTepaHOM KOHTAKTY, IUCTAITHO CIIOOOIH.
Kammdpukanmja je obGyxBaTanma AWO NPILBEHA OKO
TJIaBHE OCE W 3HATaH JMO OrpaHaKa.

Clypeina isabellae (MASSE et al., 1999)

onymena nujarno3a: Tamyc riraBae oce H3AyKeHO-
MIUIMHAPAIHOT OOJIMKAa ca TPIUbCHOBAMA XOPU3OH-
TaJTHUX WM OJIaro HaBUIIIe HaTHYTHX OrpaHaka. Pema-
THBHO KPYHHH TyOM(OPMHH OTpaHIM (ca aMITyJIOM)
6I1aro cy HEPABIUTHOT OOJIMKA Ca MAJIAM HCIYITIEHEM
V JOHEM IIPOKCIMAITHOM AMjeITy. Y HOMPETHOM Ipecje-
Ky OTpaHIM Cy HE3HATHO AMCTATHO CykeHu. CkejeT
ypHU (pubpo3Hm uyhkacw Kanmur, anu Takohe m Ge3-
60jHE KanmuT. Beoma TaHKa mpuMapHa KanmuduKanmm-
ja 3axBaraja je 3uj] TpaBHE Oce OrpaHaka, oK je Kyh-
KacCTH KaJIOUT JCTIOHOBAaH WHTpALETYIapHO, a YECTO
MPEKPUCTAN3aNIjOM CjeIMbeH ca TaHKAM CKEIIeTOM
3mpa.

Clypeina isabellae je cpogHa rpynu KIUINEenHa ca Ma-
e WIN BUIIE W3paskeHUM IPOIINPEHEM Ha JOHOj
CTpaHM OTpaHaka, y3 TJIaBHy ocy. ¥ HajBehoj mjepu je
cpopHa Bpctama Clypeina jurassica u Cl. inopinata xoje
ce Takobe KapaKTEepHIly MHTpaNeIyIapHUM HCIyHhe-
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BbeM (PUOPOHOT KaJIuTa, aldd ce Off OBUX pa3iuKyje
00JIMKOM OrpaHaxa.

Opnoc Clypeina jurassica — Clypeina inopinata

Actinoporella sulcata (ALTH, 1878), onncaHna u3 rop-
BOjypCcKOT Kpeumaka Huxkmesa (Ykpajuna), ouna je
mo3HaTa caMO Ha OCHOBY jeTHOT OTHCKa TpaHCBepcal-
HOT TIpecjeka Koju je nmpuka3zao Pia (1920; ta6. 7, cn. 8).
Op Tafa Huje 6wia uaeHTngUKOBaHa. Y IIECT y30paka
(8 mpemapara, P.P.) koju cy my6a3no gooujenu o C.
ITACTEPHAKA (YkpajuHcka Akanemmja Hayka) Huje

HabeH HU jemaH mpecjek wiam (pparMeHT OBe BpCTE.
RADOICIC (1969) noMume fa je A. sulcata cmaiHa HEKO]
kaunewnnd (cf. jurassica?). CONRAD et al. (1974) noTBp-
byjy meny HecymmbuBY cnmmaHOCT ca Clypeina jurassica
wnu Cl. inopinata n ynyhyjy Ha moTpeOy /lajber mpoyda-
Barba MaTepHjajia U3 TUIICKOT JIOKAIUTETA.

ITpema GRANIER & BRUN (1991), Cl. jurassica mna-
bu cunonmm Bpcre Cl. sulcata, ve ynazehu y muckycu-
jy 0 OBOj MaTepuju, ayTopyu cMaTpajy fia mocToje, 9aKk u
y ciy4ajy ako ce noTBpau Aa je Clypeina jurassica (ue
inopinata) mnabu cunonmm Bpcre Cl. sulcata, Beoma
jaku apryMeHTH fa ce crneuupuyko HUMe jurassica
3a/IpXKu Kao nomen conservandum.
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FELIX SCHLAGINTWEIT, IGINIO DIENI & RAJKA RADOICIC

PLATE 1

Clypeina loferensis n. sp. from the Late Jurassic (Kimmeridgian-Tithonian)
of the Northern Calcareous Alps (Austria, Germany)

Oblique sections, samples DIE-164 and ENS-1; 1, Lofer Kalvarienberg-Larchberghorndl; 2, Mount Dietrichshorn.
Oblique section, sample MT-947, Mount Trisselwand.

Longitudinal section cutting two verticils; note upward bending of laterals, sample KOWG-1, Lofer
Kalvarienberg-Lérchberghorndl.

Oblique section, sample E 109, Mount Zwerchwand.

Longitudinal-oblique section, sample LK 3, Mount Litzelkogel.

Longitudinal sections, slightly oblique, samples LOF-2 and KOWG-D, Lofer Kalvarienberg-Lirchberghorndl.
Holotype, oblique transversal section, sample LOF-1, Lofer Kalvarienberg-Lérchberghorndl.
Oblique-tangential section through one verticil, sample Die-170, Mount Dietrichshorn.

Oblique-transverse section, sample KOWG-B, Lofer Kalvarienberg-Lérchberghorndl.

Transverse section with 8 laterals, sample KOWG-D, Lofer Kalvarienberg-Larchberghorndl.

Wackestone with Pseudocyclammina cf. lituus (YOKOYAMA) (left) and Clypeina loferensis n. sp. (right),
sample MT-323, Mount Trisselwand.

Oblique section; note comparable thin calcification covering the main axis, sample DIE-642, Mount
Dietrichshorn.

Wackestone with several sections of Clypeina loferensis n. sp., sample MT-947, Mount Trisselwand.
Oblique-transverse section, sample KOWG-E, Lofer Kalvarienberg-Liarchberghorndl.

Transverse section, slightly oblique ; note micritic envelopping, sample LOF-4, Lofer Kalvarienberg-
Lérchberghorndl.

Scale bars = 0.3 mm.
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PLATE 2

Clypeina isabellae MASSE, BUCUR, VIRGONE & DELMASSO, emend.,

from the Late Jurassic (Kimmeridgian—Tithonian) of the Northern Calcareous Alps (Austria, Germany)

Fig.
Fig.
Fig.
Fig.

M e

Fig.

Fig. 6
Fig. 7

Fig. 8
Fig. 9

Figs. 10-14.

Figs. 15-17.

Fig. 18.
Figs. 19-23.
Fig. 24.

Transverse and longitudinal section, note: the bulge in the upper whorl; sample 853/1.
Sub-axial section; sample 853/3.

Axial section (fragment) showing the bulge and secondary enlarged pore (853/1).
Transverse and oblique section; sample 853/4.

Transverse section of a whorl with 13 laterals which are not lying in the same plane, instead corresponding to
tangential section of overlapping laterals (compare Fig. 14); sample 853/5.

Transverse-oblique section; sample 853/4.

Transverse slightly oblique section cutting some bulges of laterals, note: thin primary calcification of the main
axis; sample 853/4.

Slightly oblique transverse section passing through the lower part of whorl — through bulges; sample 853/5.

Transverse, slightly oblique section with, in the one lateral on right, clearly visible well preserved ampulla;
sample 853/2.

Different tangential sections; the section in Fig. 14 with overlapping laterals corresponds to specimen as that
one shown in Fig. 5; samples 853/4, 853/2, 853/3, 853/2, 853/1.

Different transverse-oblique and transverse sections, note thin primary calcification of the main axis in Figs. 16
and 17; samples 853/a, 853/1, 853/2.

Longitudinal-tangential section crossing 4 successive whorls; sample 853/a.
Different transverse-oblique and transverse section of small-sized specimens; samples 853/4, 853/1, 853/6, 853/7.

Transverse section with poorly preserved laterals. Some of the laterals are filled with secondary calcite (as in
some other specimens also); sample 853/1.

Scale bar for all figures: in fig. 24 = 0.5 mm
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PLATE 3

Figs. 1-16.  Clypeina isabellae MASSE, BUCUR, VIRGONE & DELMASSO, emend. from the Berriasian of the Sa Marghine Ruja
stratigraphic section (Oliena, East Sardinia).

1-2.
3-5.
6.

Different tangential sections; samples 833/7, 853.
Axial and sub-axial sections showing the bulge; samples 853/5, 853/4, 853/6.

Transverse section of large whorl with slightly recrystallized wall of the main axis and some lat-
erals; note: in lower left corner, a specimen of Nautiloculina bronnimanni ARNAUD-VANNEAU &
PEYBERNES; sample 855/b.

. Transverse oblique section; sample 853/7.

8. Transverse section, note: thin primary colorless calcification of the main axis and of tubuliform lat-

10-11, 13.
12.

14-15.
16.

erals; sample 853/7.

. Partly preserved transverse section in which the tubuliform shape of laterals with slightly recrystal-

ized walls are well visible; sample 853/1.
Different more or less oblique sections; samples 853/7, 853/4, 853/7.

Transverse section of a a whorl consisting of 13 densely set laterals, some of them filled with cal-
cite (dissolved and recrystalized internal moulds of ampulae; corresponding tangential section is that
in Pl. 1, Fig. 10); sample 853/7.

Fragments of transverse oblique sections; sample 853/c.

Oblique section of whorl crossing bulges; sample 853b.

Figs. 17-20. "Clypeina A" PECORINI, 1972 original thin sections of the Pecorini Collection, Cr V3, V4 and V9; Purbeckian
(Berriasian) of Nura, SW Sardinia.

17-19.
20.

Different transverse sections, PECORINI, 1972 — figs. 3f, 3a, 3c.

Oblique section, (this section Cr V9, was not illustrated by Pecorini).

Scale bar for figures 1-16: on Fig. 1 = 0.5 mm
Scale bar for figures 17-20 = 0.25 mm.
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Linoporella buseri RADOICIC, 1975, revisited. A Liassic dasycladalean alga

from the Dinarides and continental Italy

RAJKA RADOICIC', MARC ANDRE CONRAD® & NICOLAOS CARRAS’

Abstract. The Liassic Linoporella buseri is re-examined, on the basis of an abundant material of reefal ori-
gin, originating from the newly described type-locality in Slovenia. It is compared with the Berriasian—Valan-
ginian type-species L. capriotica, studied by BARATTOLO & RoMANO (2005). Both species have three orders of
laterals. In L. buseri, however, apart of other, clear cut differences, the tertiary laterals are usually hair-like,
occasionally phloiophorous at tip, forming a distal cortex such as in L. capriotica. Consequently, the genus Li-
noporella is slightly emended, to fit observations made on the two species.

Key words: Dasycladales, Linoporella buseri, Liassic, Slovenia.

Anmncrpakr. [Ipencnurana je nujacka anra Linoporella buseri Ha OCHOBY OOWIJIHOT MaTepHjasa CIpyIHOT MOJ-
pydja Koju moTH4e U3 HAKHAHO OIMHMCAHOT THUIICKOTr jJokanuTeTa y CloBeHuju. Ynopebeme je BpIIeHO ca THII-
CKOM OepHjacKo-BaJeHAUCKOM BPCTOM L. capriotica npema crynuju BARATTOLO & RomaNo (2005). OGje Bpcre
uMajy 10 TpH pefja orpaHaka. Mebyruwm, L. buseri ce pa3nukyje 0 TOME IITO UMa TepLUjapHe OrpaHKe, OOUUHO
TaHKe, pujeTKo (onodopMHe Ha BpXY, Iije hopMupajy KopTekc Kao U L capriotica. CxopHO oBoMe, poy, Lino-

porella je 6naro eMeHgNpaH Ha OCHOBY oOcepBanuja y o0je BpcTe.

Kipyune pujeun: Dasycladales, Linoporella buseri, nujac, CoBenuja.

Geological introduction by late Stanko Buser

In 1975, while mapping in the Kanin mountain range
of the Julian Alps, a small outcrop of Liassic limestone
containing Linoporella buseri was discovered at coor-
dinates 46°18°36.9” N; 13°27°51.13” E. So far, it is the
only known locality containing this alga in Slovenia
(Raporci¢, 1975). The site (Fig. 1) is on the left bank
of the small Ucja river, about 1200 m west of a bridge
crossing this river at Zaga, southwest of Bovec, exact-
ly 100 m west of a hay-barn at Hlebisce.

The Liassic limestone containing the algae occurs as
a tectonically isolated klippe covering some 500 m?
along the Idrija fault, between the Upper Triassic Dach-
stein limestone and the Main dolomite. The klippe forms
in the landscape an about 4-m high terrace step. Rare
algae are found in the massive primary limestone and
also as fragments of rubble at foot of the wall.

The limestone with algae was deposited on the mo-
bile margin of the Julian carbonate platform. In this

area, the Dinaric and the Julian carbonate platforms
occur directly next to the other, without the intermedi-
ate Slovenian basin that pinches out and does not
extend farther westward to neighboring Italy. North of
the aforementioned locality, at Bovec, a Liassic oolitic
and sparitic limestone conformingly overlies the Upper
Triassic Dachstein limestone with megalodontids. Both
the Dachstein limestone and the Liassic limestone are
cut by sedimentary dikes consisting of Liassic red co-
loured calcareous breccias and crinoid limestone. These
dikes are especially frequent in the Kanin Mountains.
At Bovec, the oolitic Liassic limestone is overlain by
a pelagic limestone of the Ammonitico rosso type con-
taining manganese nodules.

Systematic taxonomy

The following, indicative hierarchy is given provi-
sionally, pending a more general revision of concepts

! Kralja Petra 38, 11000 Beograd, Serbia. E-mail rradoicic@sezampro.rs
271 chemin de Planta, 1223 Cologny, Switzerland. E-mail: conrad@safemail.ch
3 IGME, Acharnai, 13677 Athens, Greece. E-mail: nicarras@igme.gr
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Fig. 1, Upper Triassic; 2, Lower Jurassic (Liassic); 3, Seno-
nian pink marly limestone and marl; 4, Kampanian—-Maas-
trichtian flysch; 5. Glacial sedimnets and Aaluvial.

governing the definition of a genus in certain fossil
Dasycladales. A few comments are given below.

Family Triploporellaceae (P1A, 1920) BERGER & KEAVER,
1992
Tribe Triploporelleae (Pia, 1920) BUCUR, 1993

Genus Linoporella STEINMANN, 1899, emend.

Emendation of the genus. BARATTOLO & RoMANO
(2005, p. 238) provided the following emendation of
the genus Linoporella, in the wake of their outstanding
revision of the Berriasian-Valanginian type-species Lino-
porella capriotica STEINMANN: “Cylindrical to slightly
club-shaped simple thallus. Primary laterals arranged in
close whorls. Short primary laterals and long, thin sec-
ondary laterals. Tertiary laterals are phloiophorous in
shape and form a cortex. Reproductive organs probably
placed within the central stem (endosporate-type).” Pre-
vious emendations of Linoporella were proposed, first by
BASSOULLET et al. (1978), calling for the occurrence of
only two orders of laterals, then by DIENI et al. (1985),
based on the presence of three orders in Linoporella
buseri. As shown by GAWLICK et al. (2006, p. 116), the
genus Pentaporella SENOWBARI-DARYAN is a junior sy-
nonym of Linoporella.

A re-description of L. buseri is given below. It in-
cludes the occasional presence of a distal enlargement
of the tertiary laterals, forming a cortex. Consequently,
a slight emendation of the genus Linoporella is pro-
posed as follows: “Thallus simple, cylindrical to slight-
ly club-shaped. Main axis cylindrical or slightly intu-
sannulated, bearing contiguous whorls of up to three
orders of laterals. Primary laterals comparatively short

and thick, oblique or perpendicular to the main axis,
tubular or slightly widening outwards. Elongated, tubu-
lar and comparatively slender secondary laterals are
clustered at tip of the primaries. Slender tertiary later-
als are clustered at tip of the secondaries. They are
either hair-like throughout, or phloiophorous at tip,
forming a distal cortex. Reproductive organs probably
placed within the central stem (endosporate-type).”
Systematics. Reference is made to the work of Ba-
RATTOLO & RomanNo (2005, p. 238) for discussion on
the species referable to Linoporella and its probable
endospory. Consequently, at a higher level, diagnosis of
the family Triploporellaceae, as far as applicable,
should be emended to include endospory. Herein, the
following diagnosis proposed by Bucur (1993, p. 78)
for the tribe Triploporelleae is provisionally taken into
account: “Thallus cylindrical, claviform, moniliform or
spherical; ramifications of the first and second order,
possibly the third or fourth.” On the other hand, the
subtribe Linoporellinae Pia, 1927, nom. transl. should
be emended, for, according to BERGER & KEAVER
(1992, p. 38) it includes taxa with only two orders of
laterals, while three are present in Linoporella.
Recently, BUCUR et al. (2009) created another new ge-
nus, Steinmanniporella (type-species the Upper Jurassic
S. kapelensis, sub-tribe Linoporellinae), with only two
orders of laterals instead of three in the type-species L.
capriotica. Purpose was to include four Upper Jurassic
to Paleocene species originally assigned to the genus
Linoporella. Endospory is inferred or taken as possible
for both Linoporella and Steinmanniporella. Worth men-
tioning, quoting SOKAC & NIKLER (1976) “Spores [=
cysts] can sometimes be observed in the wider part of
both the primary and secondary branches” of the Upper
Jurassic—Lower Cretaceous Linoporella ? svilajaensis.

Linoporella buseri RADOICIC, 1975
Pls. 1, 2

1975 Linoporella buseri sp. nov. — RADOICIC, p. 277, fig.
1. [Liassic of the Julian Alps, Slovenia].

1978 Linoporella ? buseri RADOICIC, 1975 — BASSOULLET
et al., p. 147, pl. 17, figs. 10-12. [Review work, the
genus is emended].

1985 Linoporella buseri — DIENI et al., p. 14. [three orders
of laterals occur; the genus is emended].

1994 ?Linoporella buseri RADOICIC — CHIOCCHINI et al., pl.
XXXIV, fig. 3, 4. [Sinemurian, Latium, Italy].

2001 Palaeodasycladus asteriscus n. sp. — SOKAC, p. 166,
pls. 39, 40. [Lower Liassic, Croatia].

2005 Linoporella buseri RADOICIC — BARATTOLO & RO-
MANO, p. 238. [Species referable to the genus].

Type specimens, depository. The holotype is depict-
ed in PI. 1, Fig. 2. All other herein-illustrated speci-
mens from the type-locality are isotypes. The holotype
and the isotypes are housed in the R. RADOICIC collec-
tion, in the Geological Institute of Serbia, Belgrade.
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Diagnosis, revisited. The short diagnosis given in
RapoICIC (1975) is elaborated as follows. “Thallus sim-
ple, cylindrical, rounded or slightly acuminated at tip.
Main axis cylindrical or slightly intusannulated, bearing
contiguous whorls of up to three orders of laterals. Pri-
mary laterals rather stout, tubular, proximally and dis-
tally constricted (spindle-like), first horizontal or slight-
ly tilted in main portion of the thallus, markedly tilted
at the apex. Four or five, tubular and comparatively
slender, more or less diverging and curved second or-
der laterals are clustered at tip of the primaries. In most
cases, three hair-like tertiary laterals are clustered at tip
of the secondaries. Occasionally, the tertiaries are phlo-
iophorous at tip, apparently forming a cortex. Calcareo-
us skeleton solid, forming a sleeve, assumed of primary
aragonitic origin. Endospory inferred.

Description. The calcareous skeleton is massive, nei-
ther undulated or fissurated, cylindrical with no eviden-
ce of a capitulum-shaped head. As shown by PI. 1, Fig.
1 and PIl. 2, Fig. 5, the axial cavity is cylindrical, even
if slightly altered, matching the axis. Occasionally how-
ever, as shown by a nice oblique-longitudinal section
illustrated by Sokac (2001, pl. 39, fig. 1), the stipe is
slightly intusannulated.

Primary laterals: due to the alteration of the axial cav-
ity, the proximal constriction denoting the attachment of
the primaries to the axis is seldom left, such as in Pl
1, Fig. 6 and, pro parte, Pl. 1, Fig. 1. As shown for ex-
ample by Pl. 1, Fig. 1, in the main, cylindrical portion
of the thallus, the primaries are perpendicular or slight-
ly oblique to the stipe. But there are exceptions, such as
in the oblique section shown in Pl. 2, Fig. 5, with pri-
mary laterals oriented at 45°. On the other hand, at or
close the apex of the thallus, the primaries are charac-
teristically oblique (Pl. 1, Fig. 7; PI. 2, Figs. 1, 8).

Second order laterals: the quite irregular orientation
of the 4-5, tubular second order laterals is best shown
in the tangential section of Pl. 1, Fig. 11. Close to the
apex of the thallus (Pl. 2, Fig. 7), the secondaries keep
their modest width throughout their length.

Third order laterals: although often obliterated by
microbioerosion, clusters of three, hair-like tertiaries are
found in most sections of L. buseri, in both the main
cylindrical portion (Pl. 1, Fig. 2; Pl. 2, Fig. 10) and the
apex of the alga (Pl. 2, Fig. 6; Pl. 1, Fig. 7). Occasio-
nally, however, as shown by the tangential section of PI.
1, Fig. 11, the tertiary laterals are phloiophorous at tip,
apparently forming a cortex. The same applies to certain
sections illustrated by Sokac (2001; pl. XXXIX, figs. 1-
3), under the name of Palaecodasycladus asteriscus.

Dimensions. Measurements carried out on numerous
topotype specimens of L. buseri are as follows:

Outer diameter (D): 1.0-2.9 mm.

Diameter of the axis, or axial hollow (d): 0.36—1.5 mm.

d/D ratio: 0.28-0.51.

Distance between the whorls (h): 0.46-0.60 mm.

Number of primary laterals (w): 12-20 per whorl.

Length of the primary laterals (I): 0.28-0.48 mm.

Thickness of the primary laterals (p): 0.11-0.20 mm.

Number of secondary laterals (w’): 4-5 per cluster.

Length of the secondary laterals (1’): 0.21-0.32 mm.

Thickness of the secondary laterals (p’): 0.04-0.12 mm.

Number of tertiary laterals (w’’): three per cluster.

Calcified length of the tertiary laterals (1°):
0.21-0.32 mm.

Thickness of the tertiary laterals (p’’): in most cases ca.
04 mm; in one case 0.13 mm at tip, forming a cortex.

Euendolithic microorganisms. Many fragments of L.
buseri and accompanying dasycladalean algae are more
or less heavily altered, eroded or even disintegrated by
one or several epi- and/or euendolithic microrganisms.
Microbioerosion was at work on the margin of the skele-
ton (e.g. Pl. 1, Fig. 11, 12) and penetrated the first order
laterals, spreading laterally (P1. 1, Fig. 5; Pl. 2, Fig. 10).
Seldom (PI. 2, Fig. 11), a yet unidentified, calcifying
euendolithic microorganism is embedded in the bioeroded
cavities, forming ca. 0.3 mm-wide rosettes. Interestingly,
similar processes of bioerosion were also at work in some
of the specimens of L. buseri of Italy and Croatia.

Comparisons. The Berriasian—Valanginian type-
species Linoporella capriotica also has three orders of
laterals. In this species however, the thallus is cylindri-
cal to slightly club-shaped, the primary laterals are
shorter, compared to L. buseri, the secondaries (2-5 in
number) much longer, and the tertiaries (2-3 in num-
ber) phloiophorous, forming a distal cortex, according
to BARATTOLO & RomaNo (2005).

Accompanying biota. Numerous pieces of a large
(outer diameter up to 3.5 mm) dasycladalean alga, pro-
visionally named Palaeodasycladus ? sp. (Pl. 2, Figs. 11-
14), are present in the type-material of L. buseri. The
thallus looks simple, cylindrical or slightly club-shaped,
with a wide, intusannulated axial cavity and, separately,
up to five orders of slender laterals. An ad hoc descrip-
tion and correct naming of this taxon is beyond the
scope of this article, also because it requires a reconsid-
eration of the systematic taxonomy adopted by SOKAC
(2001). Other biota include Dinarella ? sp. (Pl. 2, Fig.
9), Involutina liassica (foraminifer), Rivularia ? sp. (“Po-
rostromata”), brachiopods and bivalves.

Distribution, depositional environment. So far, Li-
noporella buseri was reported from the Liassic of Slo-
venia, Croatia and continental Italy. The stratum-typ-
icum of L. buseri consists of coarse grained grainstones
containing numerous, freshly broken pieces of dasycla-
dalean algae. As shown by the presence of isopachous
and palisade cements, part at least of the deposit is of
meteoric, phreatic or upper intertidal origin. Comparab-
le environments are reported for the other occurrences
of the species.

Conclusions

Further to the work of BARATTOLO & RomMaNoO (2005),
the genus Linoporella is again slightly emended, to com-
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ply with observations carried out on numerous topotype
specimens of Linoporella buseri. Linoporella now com-
prises three species, all with three orders of laterals: the
Rhaetian L. rhaetica (SENOWBARI-DARYAN), the Liassic
L. buseri RADOICIC and the Berriasian—Valanginian L.
capriotica (OPPENHEIM). Four other, Upper Jurassic to
Paleocene species originally assigned to Linoporella, all
with two orders of laterals, are transferred by BUCUR et
al. (2009) to their new genus Steinmanniporella.
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Pe3ume

Linoporella buseri RADOICIC 1975,
npencnuTuBame. JInjacka 1a3ukiafganecka
anra u3 [{unapuna u konrunentanne Urammje

damunuja Triploprellaceae (P1A,1920) BERGER &
KEAVER, 1992
Tpuobyc Triploporelleae (P1A, 1920) Bucur, 1993

Pon Linoporella STEINMANN, 1899, emend.

BArATTOLO & ROMANO (2005, p. 238) panm cy
cnepehy emennanujy pona Linoporella y cBujetny u3-
pasuTo o0pe peBusmje TUIICKe OepHjacko-BaleHNCKe
BpcTe L. capriotica: “JegHOCTaBaH IWIMHAPWYAH WA
Onaro kuju4act tanyc. [IpumapHu orpaHiy CIOXEHH Y
rycre npuubeHoBe. KpaTku nmpumapHu ¥ AyTd TaHKH
CeKyHfapHu orpanuu. TepuyjapHu orpaHiu cy Jouo-
c¢dopMHOr OONMMKa M 4YMHE KOpTeKc. PenmpopykTuBHE
OpraHy BjepOBaTHO Cy CMjELITEHM YHyTap LIEHTpajiHe
crabspuke (eHgocmopaTHu Twm)”. PaHuje eMeHmanumje
O6wmiie cy mpemiiokeHe Hajnpuje of BASSOULLET et al.
(1978), mo3uBajyhu ce camo Ha JiBa pefja OrpaHaka, IoK
ce emeHganuja DIENI et al. (1985) Ga3upaina Ha pucy-
CTBY TpH pefia orpaHaka Koj Bpcre Linoporella buseri.
CarmacHo npeucnutuBamwy Bpcre L. buseri, pon Lino-
porella je moHOBO 611aTO eMEeHANPAH: “JegHOCTaBaH IU-
JUHApPUYAH Wiy Oiaro KujuyacT Tainyc. I'maBHa oca,
LUWIMHAPUYHA WK c1a00 MHTYCAaHyJIaTHA, HOCH CIIUjef
IpLLJEHOBA ca TpU pefa orpanaka. [Ipumapuu orpas-
LI¥ Cy pelaTUBHO KPAaTKHU U 1e0JbU, MCKOIIEHN U YII-
PaBHU Ha IJIaBHY OCY, L[jEBACTH WJIM Majl0 JUCTAIHO
npowupenn. 3nyxeHu, TyOyJapHU U peJaTUBHO TaH-
KU CEeKYHJApHU OTPaHLU YMHE CKYNUHY Ha BpXY NpH-
MapHUX orpaHaka. TaHKHW TepuujapHM 4YHHE Takobe
CKYIMHY Ha BpXy CEeKyHAapHUX orpaHaka. OHu cy Wiu
CacBWM TaHKH, WM Ha BpXY (pronodopmun, Te popmu-
pajy KopTekc. PenmpopyKTuBHU OpraHud BjepOBaTHO
VHyTap IeHTpaHe cTabibuKke (€HJOCOPATHH THII).
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Linoporella buseri RADOICIC, 1975
Tab. 1,2

Xoaorun: [Tpecjek npukasan Ha Tabnu 1, ci. 2. CBu
ocranu npecjeny Ha Tabmama 1 u 2 cy M30THIIOBH.

PeBugnpana qujarnosa: jeqHOCTaBaH Talyc 32007be-
HOT WJH GJ1aro 3aoIITpeHoT Bpxa. [1aBHa oca, MUIHH-
IpUYHA WIM WHTYCAHYJIATHA, HOCH NMPIIEEHOBE Ca TPH
pena orpaHaka. IlpeTesXHO jaku NMpUMapHU OTpPaHIN
MPOKCAMAJHO W MUCTAIHO Cy CTameHH (BpeTeHach).

Hajmpuje cy, y rmaBHOM Amjely Tajayca, XOpA30HTATHA
nm 671ar0 HATHYTH, a YIAJJbUBO HATHYTH Y AalTMKaTHOM
mujeny. [IpumapHm orpannu f1ajy cKynuHy off 4—5 TyOy-
JApHAX, TaHKUX Mamhe WIM BUINE OWBEPreHTHAX WU
MOBHjeHUX CeKyHHapHUX orpaHaka. OBH TOTOMH,
Hajuemrhe HOCEe CKYNFHY Off TP MCTal-¢Ha TepIHjapHa
orpaHka. Kpeumaukn ckeler je 4YBPCT, IpUMapHO
HajBjepOBaTHHUje aparoHUTCKHU. PenpoayKTuBHU orpa-
HU €HIOCTIOPATHOT THIIA.
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PLATE 1
Linoporella buseri RADOICIC. All specimens from the type-level.

Oblique section in the main, cylindrical portion of the thallus. Third order laterals, are visible on the eroded mar-
gin of the calcareous skeleton. Thin section RR3121, X14.

The holotype. Oblique section in the main, cylindrical portion of the thallus. Slender third order laterals, are clear-
ly visible. Thin section RR3101, X13.

Oblique section in the main, cylindrical portion of the thallus. Although hardly visible, slender third order laterals
are present. Thin section RR3108, X14.

Almost transversal section in the main, cylindrical portion of the thallus. Note the wide axial cavity and the rela-
tively thick first, second and third order laterals. Thin section RR3132, X14.

Oblique section in the main, cylindrical portion of the thallus. Slender third order laterals are visible. Note bioero-
sion penetrating and progressively destroying the first order laterals. Thin section RR3121, X11.

Broken oblique section in the main, cylindrical portion of the thallus. Three orders of laterals are clearly visible
despite bioerosion. Thin section RR3105, X12.

Broken oblique section close to the apex of the thallus. Three orders of laterals are present, oblique to the bio-
eroded axial cavity. Thin section RR3129, X20.

Two, partly broken oblique sections, with three orders of laterals. The right hand side section is heavily bioerod-
ed. Thin section RR3128, X17.

Oblique section in the main, cylindrical portion of the thallus, with three orders of relatively slender laterals. Note
the irregular, bioeroded axial cavity. Topotype specimen, X28.

Oblique — tangential section. Clusters of five second order laterals arise from the top of the primaries. Slender
third order laterals are hardly visible on the bioeroded margin of the skeleton. Thin section RR3141, X20.

Slightly oblique, tangential section. Clusters of four, rather slender second order laterals arise from the top of the
primaries. Clusters of three third order laterals (arrow) are also visible. In this section, the tertiaries are phloio-
phorous at tip, indicating the presence of a distal cortex. Thin section RR3103, X14.

Longitudinal section of the main, cylindrical portion of the thallus. Primary and secondary laterals are rather thick.
Third order laterals look missing, or are bioeroded. Thin section RR3111, X20.

Slightly oblique, tangential section. The spindle-like, bioeroded primary laterals bear clusters of four secondaries
(arrow). Thin section RR3113, X14.

Two transversal sections, showing the presence of third order laterals at bottom of the picture. Thin section RR3124,
X13.



Linoporella buseri RADOICIC, 1975, revisited. A Liassic dasycladalean alga from the Dinarides and continental Italy 67




68

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

10.

11.

12.

13.

14.

RAJKA RADOICIC, MARC ANDRE CONRAD & NICOLAOS CARRAS

PLATE 2
All specimens are from the type-level of Linoporella buseri RADOICIC.

Linoporella buseri RADOICIC. Asymmetry suggests the oblique section is close to the apex of the thallus. Only two
orders of laterals are visible next to the eroded margin of the skeleton. Third order laterals are possibly missing.
Thin section RR3118, X16.

Linoporella buseri RADOICIC. Oblique section of a small specimen. Second order laterals are hardly visible on the
bioeroded margin of the calcareous skeleton. Third order laterals are possibly missing. Thin section RR3104, X27.

Linoporella buseri RADOICIC. Oblique section of a small specimen with three orders of relatively thick laterals.
Thin section RR3138, X27.

Linoporella buseri RADOICIC. Transversal section of a large specimen. Although bioeroded, third order laterals
(arrow) are present. Thin section RR3132, X18.

Linoporella buseri RADOICIC. Oblique section in the main, cylindrical part of a large specimen with oblique pri-
mary laterals. Although bioeroded, rather thick third order laterals (arrow) are present. Thin section RR3133, X20.

Linoporella buseri RADOICIC. Tangential section, transversal to the rounded apex of a rather large specimen. Clusters
of three, hair-like third order laterals arise from the tip of the secondaries. Thin section RR3140, X16.

Linoporella buseri RADOICIC. Deep tangential, slightly oblique section cutting the tip of the axial cavity, just below
the rounded apex. Four second order laterals are clustered at tip of very short primaries. Hair-like third order lat-
erals are visible at the margin of the section. Thin section RR3111, X25.

Linoporella buseri RADOICIC. Oblique section close to the rounded apex. Clusters of five, rather slender second
order laterals arise from the tip of the primaries. Note bioerosion (arrow). Thin section RR3101, X28.

Oblique section of a piece of Dinarella 7 sp. Thin section RR3105, X30.

Linoporella buseri. Oblique section in the main, cylindrical portion of a rather large specimen, with three orders
of laterals. Note pervasive bio-erosion around the axial cavity. Thin section RR3132, X30.

Oblique-tangential section of a piece of Palaeodasycladus ? sp. In this specimen, cavities generated by bio-erosion
are filled by a yet unidentified calcifying organism forming rosettes. Thin section RR3103, X17.

Oblique section of a piece of Palaeodasycladus ? sp. with up to five orders of laterals. The axial cavity is heav-
ily bioeroded. Thin section RR3130, X12.

Oblique section questionably corresponding to the capitulum-shaped head of Palaeodasycladus ? sp. 1. Note the
wide axial cavity. Thin section RR3144, X11.

Transversal section of Palaeodasycladus ? sp. 1. Thin section RR3144, X12.
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Geology and hydrogeology of the Cemernica Mountain Massif,
western Serbia

DEJAN MILENIC', DRAGOMAN RABRENOVIC’, DIURO MILANKOVIC' & ANA VRANJES'

Abstract. The mountain massif of Cemernica, western Serbia, is an orogenic feature of the Inner Dinarides.
Hitherto, hydrogeological prospecting of the Massif was all on a regional scale, not detailed. Only scanty data,
previously collected, were mappable on a scale larger than 1:100 000. The 2005 to 2008 research of the Cemer-
nica Mountain Massif included geological and hydrogeological reconnaissance and mapping, the employment
of remote sensing, a geophysical survey, the monitoring of quantitative and qualitative groundwater variation
parameters, efc. The groundwaters of Cemernica are a large potential resource of water supply to multiple users.
This paper is a contribution to the study of the geology and hydrogeology of the Cemernica Mountain Massif.

Key words: The mountain massif of Cemernica, western Serbia, Karst, Curgi¢a Spring, Stitkovo Spring.

Ancrpakr. [TnannHcku MacuB YemepHule Hanasu ce y 3anagHom neny Cpouje. Y reoTeKTOHCKOM TOrIeny,
HOfipyyje UCTpaKuBama MpUIaja pejony YHyTpammux Junapuya. [locafalimba XUAPOreoIoIKa UCTPaKUBabha
Ha IOJApYyYjy NJAaHUHCKOI MacuBa YeMepHHIe HHUCYy uMaja KapaKTep JeTa/bHUX HCTpaxuBama. CBa
XIApPOTeOJIOIKa HCTPaskNBamka, MO[pyYja IAaHWHCKOT MacuBa YeMepHHIe, IMajla Cy PETHOHAIIHH KapakTep.
PeTkn cy mopanyu Koju cy IPHUKYIBEHH IIpe OBHX HCTPaXkWBambha, a KOjH Ce OFHOCE HAa HUBO HCTPAsKWBama y
pa3mepu kpynayjoj ox 1:100 000. McrpaxkuBamwa MiIaHUHCKOT MacuBa UeMepHHIE Koja Cy U3BEeHa Y NEPHONY
ox 2005. go 2008. rogmHe, 06yXBaTHIIa Cy TEOJOMKO-XHAPOTEOIONIKO PEKOTHOCIMPAkhe TepeHa M KapTHpame
TepeHa, aHaJM3y TepeHa MeTofaMa JJaJbhHCKe JIeTeKIMje, reo(n3ndKa HCIATHBAka, OCMaTpamba KBAHTATATHB-
HPX ¥ KBAINTATHBHUX ITapaMeTapa pesknMa Moji3eMHuX Bofia UTA. [Toa3eMHI BOTHN pecypcH IIITaHMHCKOT MacuBa
YeMmepHulle NpefcTaBsbajy 3Ha4ajaH MOTEHIMjall ca aclekTa BUIIeHaMeHCKOr Kopulithewa. OBaj paj uMa 3a 1usb
7[a 14 TOIPHUHOC IIO3HABAKY FEOJIOMIKHX M XUAPOT€ONOIIKIX KapaKTePUCTHKA INTAHNHCKOT MacuBa YemepHule.

Kmbyune peun: ITnanuncku Macus YemepHune, 3anagaa Cpouja, kapet, hypunha Bpeno, IIITuTkoBo Bpero.

Introduction

The mountain massif of Cemernica extends over more
than 50 km?. Its geology and hydrogeology were ex-
plored in detail from 2005 to 2008 and mapped for the
first time on a scale larger than 1:100000. The collect-
ed data were used to describe the geomorphology, hy-
drography, geology and hydrogeology of the massif. In
addition to internal and external research, some labo-
ratory analyses were made and are reported in the res-
pective chapters of this paper. The identification of the
lithostratigraphic units and their spatial relationships, the
classification of groundwater bodies and their formation,

recharge and discharge mechanisms of the largest karst
aquifer are all based on the acquired research data. The
qualitative properties in addition to the quantitative
aspect of groundwater for the karst aquifer were studied.

Geographical Location

The mountain massif of Cemernica in western Serbia
is an area of 581 km? in the municipality of Nova Varos,
Zlatibor District. The size of the exploration area was
greater than 50 km2. The Cemernica Massif encompass-
es many heights within the elevation range from 1000 m
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to 1500 m, precisely from 1072 m (Stitkovo Spring) to
the highest peak (Bijele Stene) 1494 m. The economy in
the region is stagnant or declining. The tourist potential
of the region, primarily the pearl of nature — the Uvac
Lake, a meander cut-off of the Uvac River, habitat of the
large griffon vulture, etc., is undeveloped.

[ ]
Novi Sad

[ ]
Belgrade

@
Cacdak

Cemernica
Mountain Massif Y

[ ]
Pristina

Fig. 1. Geographical location of Cemernica.

Research Concept and Methods

The steps of the geological and hydrogeological inves-

tigations in the Cemernica area were the following:

* Detailed analysis of the available research data, or
identification of the morphologic features and the
geological and hydrogeological character of the
Cemernica Mountain Massif.

e Assessment of relevant climatic factors and hy-
drologic budget accounting.

 Spatial delineation of aquifers.

e Establishment of groundwater occurrence, mo-
vement and discharge.

e Interpretation of the physical and chemical pro-
perties, gaseous, radioactive and microbial compo-
sitions of the groundwater.

e Quantitative and qualitative assessment of the
groundwater and its variation in time.

e Groundwater control conditions.

The Curtié¢a and Stitkovo Springs were monitored
for one year to evaluate the usability of their waters
with low concentrations of mineral matter.

The results obtained by multidisciplinary research
of the water from the two springs were the basis for
this work. The monitoring at the Cur&i¢a and Stitkovo
Springs was continuous over the year, while that at the
Bursa¢ and Kusic¢a Springs was periodic.

Geology

Cemernica is one of the many carbonate rock areas in
the region of Ivanjica and Golija. It belongs to the Drina—
—Ivanjica fault block (DIMITRUEVIC & DIMITRUEVIC 1974),
or the former “inner Palacozoic zone” (PETKOVIC 1961), or
“Golija Zone” (AUBOUIN 1974). Previous study of geology
of Cemernica has a short history and no published records.

General knowledge of its geology, acquired through
mapping and from the base geological map, was used
to identify the geologic formations in the field, to study
their sedimentological and petrographic nature and struc-
tural character.

The mountain massif of Cemernica is composed of
rocks formed through two sedimentation cycles. The old-
er, prevailing cycle of the Ivanjica block is the Palaeo-
zoic sedimentation cycle, not exposed everywhere on Ce-
mernica, but lying under all newer formations. The other,
Mesozoic cycle, is represented by more than one forma-
tion deposited from the Triassic through the Jurassic.

Palaeozoic

Late Palaeozoic rocks, represented by the Bira¢ For-
mation, lie exposed in the deeply eroded Tisovica and
Trudovalka valleys in the area of Stitkovo village
(DrokoviC 1985).

The Bira¢ Formation is composed of thin-bedded, lam-
inated siltstones, metasandstones and some limestone
lenses. Horizontal and wavy laminae in the siltstone bear
ferruginous crusts. Successive on the siltstone is bedded
metasandstone with a high proportion of angular quartz.

The stratification and attitude of the siltstone and
sandstone in cross-sections indicate frequent turbidity
currents, which produced turbidites.

The rocks of the Bira¢ Formation were strongly fold-
ed and faulted through the Variscan and later Alpine
orogenies. The stratigraphic position of the Formation
is speculative. It was identified through evidence of the
superposition of the subjacent Kovilje conglomerates
and the superjacent Kladnica clastics.

Mesozoic depositional cycle

The Mesozoic cycle of deposition produced different
formations, more during the Triassic than through the
Jurassic. In the Cemernica area, the Kladnica, Biotur-
bate and Ravni Formations are Triassic, and the Diaba-
se-Chert Formation is Jurassic.
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Fig. 2. Geological and hydrogeological research methods employed in the Cemernica Mountain Massif.

Triassic (T))

Sporadic exposures of continental clastics between
the villages of BoZeti¢i and Stitkovo on the Cemerni-
ca SW ridges were identified as the Kladnica Clastics
(NASTIC 1990, unpublished).

These clastics lie unconformably over Palaeozoic sedi-
mentary and metamorphic rocks and under the Biotur-

bate Formation with the contact almost concealed but
in tectonic contact with an ophiolitic mélange.
An exposure of the Kladnica Clastics is located near

the Stitkovo Spring in siliceous rocks of dominantly
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quartz grains, quartzite and chert clastics in siliceous
cement, reddish-coloured by Fe-minerals.

This time-stratigraphic unit was determined (beyond
the limits of the Stitkovo village area) as Lower Trias-
sic, based on its few conifer pollen grains.

Bioturbate Formation (T,)

A succession of thin-bedded and shaley clay, identi-
fied as the Bioturbate Formation (DIMITRUEVIC et al.
1980) on the Geologic Map Sheet Prijepolje, on the
scale 1:50 000, can be recognized under massive lime-
stone of the Ravni Formation in the Stitkovo and Tru-
dovo village areas.

New cuttings of a village road near the spring
exposed the internal lithologic structure of the Forma-
tion, which consists of thin micrite strata and silt and
shale laminae. Micrite layers are torn in the sequence
and strongly folded together with shale and silt (Fig. 3).

% 4000 pm®

s

Fig. 3. Photographed thin-section from the Bioturbate For-
mation.

The Formation contains bioturbations of various
sizes. Lower Triassic age was determined by its mega-
and micro-faunal fossils (bivalves and foraminifers).

Ravni Formation (T,)

Limestones of the Ravni Formation are most exten-
sive in the Cemernica Mountain Massif, building up a
varied surface topology from mountain peaks to karst
poljes. The fault block of Cemernica varies in altitude
from 110 m SW, where it is thin, to almost 1500 m in
the north.

The limestones are slightly recrystallized and dolo-
mitic (Fig. 4). Massive limestones prevail over thick
sets of beds in Cemernica, while stratified limestones
are recognized only low in the column above springs.

The SW border of Cemernica is steep, produced by an
overthrust, and the entire mass of limestone is karsti-
fied. The limestone block is thin in the centre, its sur-
face mildly trough - like, like the RujiSte and Veliko
Polje, which allow percolation of surface water and
groundwater recharge.

Fig. 4. Photographed thin-section from the Ravni Formation.

Triassic rocks in the ophiolite belt and its border were
taken formerly for exposures of the basal diabase-chert,
and Triassic rocks on the SW margin of the Ivanjica
Palaeozoic for transgressive, deposited where they still
are. It was proved that many Triassic plates, in the form
of oligoplacas, lie over the diabase-chert formation,
which implies that kilometric limestone plates slid by
gravity from the Palaeozoic base into a mélange trough.

Jurassic (J)

A Jurassic ophiolite mélange was recognized in
Trudovo area. Its constituents are greywacke, shale,
sandstone, limestone, chert and radiolarite. Other rocks
of the formation are diabase, spilite, keratophyre, efc.
Direct contact of Jurassic rocks and limestones of Ce-
mernica is normally tectonic, extending NW of Curgiéi.
Rocks of the ophiolite mélange will not be described
in detail as they are irrelevant to the mentioned springs.

Photogeology

The task of photogeology was defined as: photo-
graphic recording and study of the wider structural pa-
ttern of Cemernica: faulting and folding features, litho-
logic variation, and intensity of karstification within the
carbonate rocks extent (unpublished, PavLovi¢ & CoLI¢
et al. 2006).

The photogeological interpretation was initially con-
fined to the carbonate extent of Cemernica and its
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direct contact with the non-carbonated basement, but it
was later extended to Carboniferous, Permian and Lo-
wer Triassic clastics. The photogeological study even-
tually included all features of some hydrogeologic rele-
vance. The interpreted aerial photographs covered an
area of 54 km?2.

The sedimentary rocks that build up Cemernica
Mountain and its ranges are Lower or Middle Triassic
in age. Triassic rocks lie over Permian—Triassic coarse
clastics (quartz conglomerate and sandstone) in the
northern, southern and south-eastern ranges and over
Carboniferous metasandstones in the north-eastern rang-
es. In the west, the Triassic carbonates of Cemernica
are in tectonic contact with Jurassic carbonate and chert
of the diabase-chert formation.

Fractures, distinctive morphologic features in the sur-
face configuration, were identified on satellite images of
the pattern of fractures (Fig. 5). These are kilometric to
decakilometric fractures. Given the size of the study area
and the photo and map scales, the identified faults were
not classified by importance, even if some of them
extend beyond the area limits. These features were clas-
sified only in relation to the reliability of identification:
observed and inferred. With respect to their expressive
morphology, these features may be said to be the fac-
tures of neotectonic activity, which may be important in
addressing hydrogeological problems. The faults in the
Cemernica area are classified into two systems.

The NNE-SSW to E-W systems are particularly
well arranged, sub parallel, cutting through Cemernica
and extending eastward into Permian—Triassic or Car-
boniferous rocks.

The other system of kilometric to some decakilomet-
ric, the faults have the strike direction NNE-SSW. The
morphologic features of these faults suggest that the
former system may be more significant for groundwa-
ter flow.

A regional fault on the Cemernica western border
runs across the entire study area from NNW to SSE,
mostly being the contact between Triassic limestones
and the older clastics. Several strong springs occur at
the cross points of this and the faults in NE-SW strike
direction. The regional fault is a complex morphologic
feature, of a fault zone type in places. It crosses numer-
ous minor faults where its disruption and displacement
are manifested.

The detailed structural pattern and the lithologic units
obtained by stereoscopy are given on a photogeological
map. The fractures are classified only on the reliability
of identification. The carbonate-built Cemernica is dense-
ly faulted by hkm- and km-long fractures of two frac-
ture systems: the dominant one with a NE-SW strike
direction and the other with a NW-SE strike direction.
The systems are conspicuous in the surface configura-
tion, marked by series of elongated sinkholes, short dry
valleys or abrupt changes in the slope angle.

Fractures in noncarbonated rocks in the south-east-
ern and eastern parts of the area control the flow direc-

tion or divert it at a right angle. East to west oriented
fractures in the SE control largely the surface morphol-
ogy and possibly also the groundwater flow.

The fault pattern in the easternmost part of the area
differs greatly from the carbonate-built Cemernica. Ki-
lometric and decakilometric faults strike dominantly in
the N-S direction. Faults in other directions are fewer
and shorter.

Morphologic features of hydrogeological interest in
Cemernica may be the well-exposed large faults in the
strike directions NE-SW to E-W; a complex system on
the western border of Cemernica with the occurrences
of strong springs and a gravity fault in Zecko Polje.

Geophysical Information

Geophysical prospecting was the basic additional ex-
ploration for the study of the geology or the type and
extent of the lithologic units The measurements were
performed in Rujiste Polje (Fig. 6).

The purpose of the geoelectrical survey was to estab-
lish the thickness of the uppermost rock complex, the
spatial distribution and depth of each lithologic unit,
then to measure the depths to aquifers and to identify
faults and fault zones. The method used in the explo-
ration was geoelectrical resistivity sounding in order to
estimate the extent and depth of each lithologic unit.
Geoelectrical soundings were taken along sections 1
and 2 (Figs. 7 and 8), with measurements in eleven
sounding points with an AB/2 current electrode separa-
tion of up to 300 meters, at the azimuth direction
110°/280°. A symmetrical, Schlumberger array of cur-
rent and potential electrodes, A-MN-B, was applied.
The resistivity measurement results were interpreted
both qualitatively and quantitatively. The former cover-
ed interpretation of the resistivity plots that show hori-
zontal changes in the electrical resistivity, and the lat-
ter, interpretation of the resistivities and thicknesses of
the logged formations. The specific electrical resistivi-
ty (p) and thickness (h) were computerized for each
logged lithologic variety. The obtained parameteric val-
ues were plotted on sections 1-IPI and 2-IPI, and deep
geoelectric sections.

The specific electrical resistivities were measured by
geoelectric sounding from ES-1 to ES-11, on which
four different lithologies were identified;

— Broken Triassic limestone,

— Broken Triassic limestone and water?,

— Massive or thick Triassic limestone, and

— Quartz conglomerate and sandstone.

The values of P indicated a vertical discontinuity or
fault of SW-SE strike direction.

The conclusions based on the geophysical explora-
tion in Rujiste Polje, Cemernica, are the following:

— The lithologic units determined based on specific
resistivities are: fragmented Triassic limestone over a
water table, water-bearing fragmented Triassic lime-
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Fig. 5. Regional fault pattern (PAvVLOVIC & CoLI¢ 2006, unpublished).
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Fig. 7. Deep geoelectric section 1 across Rujiste Polje.
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Fig. 8. Deep geoelectric section 2 across Rujiste Polje.

stone, massive or thick Triassic limestone, quartz con-
glomerate and sandstone.

— A vertical break or fault in the SW-NE strike
direction was registered in both electric profiles based
on the values of the parameter r.

B Broken limestone
- Broken limestone and water ?
- Massive or trick limestone

- Quartz conglomerate and sandstone

= Fault

Broken limestone
Broken limestone and water
Massive or thick limestone

Quartz conglomerate and and sandstone

Fault

Hydrogeology

The water-bearing rocks of the Cemernica Mountain
Massif are classified by porosity into the following
types (Fig. 9):
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e Intergranular aquifer in alluvial deposits of the
Tisovica.

e Karst aquifer in Middle Triassic limestone (Ravni
Formation).

* Fractured aquifer of low potential in Lower Trias-

sic rocks (Bioturbate Formation).

There is a fourth type — provisionally “waterless” rocks.

The Intergranular aquifer in alluvial deposits of
the Tisovica is linear, narrow, directly controlled by a
fault that predisposed the Tisovica course. The alluvial
deposits of the Tisovica vary in thickness between 6 m
and 8 m to 10 m at the most. An aquifer of this type
is of minor economic importance for groundwater uti-
lization because its extent is restricted and the water
storage is small and variable.

The Karst aquifer of Middle Triassic limestone is
centrally located in the Massif area. As limestones oc-
cupy almost half the Cemernica area, this type of
aquifer is the largest in area and depth.

In terms of groundwater resources, the karst aquifer
is the most important in the region. Carbonate rocks
formed in the Triassic are also extensive in the Inner
Dinarides of western Serbia and traceable over a long
stretch in this region.

The mountains of the Dinarides, with few excep-
tions, extend NE to SW (Cemernica, Zlatar, Zlatibor,
Tara, Jadovnik, ezc.) and are structured largely of Trias-
sic limestones. It follows from all the above-stated that
the groundwaters in the aquifers formed by the disolu-
tion action — carbonate rocks — are the most abundant
in the region.

The principal source of groundwater recharge in the
characteristic open hydrogeologic structure of Cemerni-
ca is the atmospheric precipitation that falls on lime-
stone outcrops. The high capacity and velocity to res-
pectively receive and transmit atmospheric water are
attributed to the geological set-up, structural pattern and
degree of karstification.

Groundwater flow, predisposed by the structural pat-
tern, has the general direction from east to west, as
indicated by spring flows draining this type of aquifer.
The volumes of water discharged by the Stitkovo and
Cur¢iéa Springs in the west are much higher than
spring flows elsewhere in the area. The groundwater
flow directions depend, as mentioned before, on faults,
factures and karst caverns formed through either tecton-
ic events and/or karstification.

Groundwater in the extensive karst aquifer naturally
drains through a number of karst springs. The major
springs are Stitkovo, Curé&ica, Bursaé and Kugic¢a. Their
minimum flows vary from 4 1/s to 17.6 1/s (Stitkovo
and Cur¢ic¢a) and from 5 I/s to 10 1/s (Bursa¢ and Kusi-
¢a). All springs that drain the Cemernica Karst Massif
are contact springs between the permeable Triassic li-
mestone and impervious rocks. Each of the four springs
is natural and undeveloped.

Fractured aquifer has a smaller water-yielding ca-
pacity and extent than the karst aquifer. It is the most

widespread in the NE and W of the considered area.
Two major springs (Stitkovo and Cur&ica) discharge at
the contact of the two formations and the Middle Trias-
sic limestones of Cemernica. A smaller area of Lower
Triassic, fractured but of lower potential, rocks is locat-
ed SW of the Bursa¢ Spring. This aquifer has two
sources of recharge. The groundwater in the aquifer of
the fractured carbonate and Lower Triassic rocks is re-
plenished by infiltrated atmospheric water and ground
water from the adjacent, karst aquifer. The primary flow
directions and qualitative properties of groundwater in
this type of aquifer have neither been determined, nor
can a satisfactory estimate of the water budget be given.

Provisionally “waterless” rock areas are those built
up of Jurassic (Malm, Dogger) ophiolitic mélange and
Permian—Triassic sedimentary rocks. The rocks identi-
fied on the basis of field data as provisionally “water-
less” lie in contact with karstified or fractured rocks of
low-potential capacity.

Quantitative Groundwater Regime

The total quantity of groundwater involved in the
drainage of the Cemernica Massif was monitored at the
Curti¢a and Stitkovo Springs and intermittently meas-
ured at the Bursa¢ and Kusica Springs. Gauging stations
were set up for precipitation and hydrologic parameters
at the Cur&ica and Stitkovo Springs in order to obtain
representative information for a quantitative estimate of
spring flows. The measurements in the Cur&ica and Stit-
kovo Springs were taken once in two months, or a total
of six measurements in both springs. The measured flows
were used to construct flow curves, which were used as
the basis for the estimation of other parameters of the
flow of the Cur&ica and Stitkovo Springs (Tab. 1).

Tab. 1. Quantitative parameters for the different springs.

Occurrence Opin Us) [0,.x (I/s) | Mode of discharge
Curcica Spring | 43.6 495 Gravity flow
Stitkovo Spring | 17.5 313 Gravity flow
Bursa¢ Spring 4 10 Gravity flow
Kusiéa Spring 10 25 Gravity flow

The flow data for the Curtica and Stitkovo Springs
were used for an interpretation of the retention proper-
ties of the Triassic limestone aquifer of Cemernica.

Different drainage micro regimes, or drainage coef-
ficients, have respective physical implications. Drainage
coefficients of the order o0 ~ 102 are generally relat-
ed to large karst caverns or fractures, while lower
slopes of the straight lines (0t ~ 10-3) indicate slow dis-
charge via smaller fractures, fissures or clastic-filled
karst cavities (KRESIC 1991).
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Fig. 9. Schematic hydrogeological map of the Cemernica Mountain Massif.

For a valid analysis of the retention capacity of an
aquifer, a new period was necessary of no less than
ninety days effective rainfall, resulting in continuous
runoff without replenishment (groundwater recession).

An interval of constant runoff or groundwater reces-
sion was registered at the Stitkovo Spring within the
observation period from 30 August 2006 to 9 January
2007. The recession continued for 131 days, an inter-
val of constant runoff without replenishment sufficient-
ly long for analysis.

The considered recession limb of the hydrograph is
shown in Fig. 10. Note that there were some ineffec-
tive rainfalls in the observation period.

As the maximum to minimum spring flow ratio
(Omax @ Omin) Was 1 : 3.63 during the groundwater re-

cession, the obtained analytical results should be taken
with due caution (a reliable ratio by this method should
be O ax:@min=1:10). The recession limb of the hydro-
graph indicates two different runoff micro regimens.

The obtained runoff coefficients (0t; = 0.071779 and
O, = 0.0142) are of the same order of magnitude
(ot ~ 1072), but are different between themselves. The
value of the coefficient O, indicate higher retentive
properties in one micro regimen and the value of o,
suggests lower retentive properties of karst in the other
micro regimen.

The Stitkovo Spring flow data from one hydrogeolo-
gic cycle were used to calculate the degree of karstifi-
cation and to determine the dominant groundwater flow
directions. The maximum to minimum Stitkovo Spring
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Fig. 10. Analysed recession limb of the Stitkovo Spring
hydrograph for the runoff period from 30 August 2006 to 9
January 2007.

flow ratio (for the whole period) of about eighteen indi-
cated one dominant flow direction, almost certainly
controlled by the structural features of the karst aquifer
and many minor water paths.

An interval of continuous groundwater runoff, or
recession, was registered at the Cur¢ica Spring during
observation of the flow regime from 1 July to 16 Octo-
ber 2008. The recession of the groundwater lasted 108
days and could be used in the analysis. The recession
curve is shown in Fig. 11. The value of the coefficient
o, indicates a higher, and O, lower retentive proper-
ties in the former and latter micro regimes, respective-
ly. Intermittent rainfalls were ineffective in affecting
the groundwater runoff regimes.
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Fig. 11. Analyse of the recession limb of the Cur¢ic¢a Spring
hydrograph for the runoff period from 1 July to 16 October
2008.

As with the Stitkovo Spring, the maximum to mini-
mum flow ratio (Qp.x @ Omin) Was less than 1 : 10,
specifically 1 : 5.31. The analytical results obtained by
the Tarisman method should, therefore, be taken with due
caution.

Qualitative Groundwater Regimes

Groundwater from the karst aquifer only was tested
for its qualitative properties, because the karst aquifer
is much more abundant in water than the others in the
region. The tested samples were mainly of the calci-
umhydrocarbonate (Ca-HCO;) class of water, directly
related to the source of origin. Another essential char-
acteristic of the water was comparatively uniform min-
eral matter in water, not higher than 300 mg/I.

The temperature range of the water is from 6.5° C
in the Kusica Spring to 9.3° C in the Stitkovo Spring.
All spring waters in the area may be assigned to the
group of cold waters. Only the water from the Kusica
Spring was below the temperature range 7° C to 12° C,
considered suitable for human consumption (DRAGISIC
1997).

The acidity of the water is uniform within the pH
range from 7.5 to 8. In this respect, all the waters, ex-
cept for springs, were neutral to mildly basic.

The specific conductance of the tested groundwater
samples was uniform, being within the range from
349 uS/cm (Kusica Spring) to 430 US/cm (Stitkovo
Spring).

The mineral matter in the groundwater varied with-
in the range from 225.56 mg/l (Kusi¢a Spring) to
290 mg/l (Stitkovo Spring). According to this parame-
ter, the tested samples were low-mineralized groundwa-
ter.

The total hardness range was from 11.20° dH (Ku-
Sica Spring) to 12.18° dH (Bursa¢ Spring). In the clas-
sification after Klut, the water of the two springs is
moderately hard. In addition to total hardness, the water
was tested on permanent and temporary hardness. The
difference between total and temporary hardness was
very small, indicating a high proportion of carbonate
salts, primarily calcium salt, and low proportion of CI-
and SO,% ions.

Sodium and Potassium (Na*+K*). The sum of the
sodium and potassium ion concentrations varies from
0.76 mg/l (Curica Spring) to 996 mg/l (Kuica
Spring), the highest being in the latter spring.

Calcium (Ca?*). The dominant cation in the spring
waters was the calcium ion, Ca?*. All spring waters in
the given area therefore belong to the calcium (Ca2*-
water group) in the O.A. Alekin classification. The cal-
cium ions are derived from the extensive limestones in
the area. The calcium concetration varies from 69.3 mg/l
(Curica Spring) to 86.4 mg/l (Stitkovo Spring).

Magnesium (Mg2+). The magnesium ion concentra-
tions, much lower than those of calcium, in the spring
water varied from 1.22 mg/l (KuS$ic¢a Spring) to 4.26 mg/l
(Bursac¢ Spring).

Hydrocarbonates (HCO;). All the tested water
samples were in the Alekin Hydrocarbonate Class.
Concentrations of dominant hydrocarbonate HCO5~ ion
were within the range from 97 mg/l (Curdica and
Stitkovo Springs) to 251.94 mg/l (Kusica Spring).
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Sulphates (SO4*). The sulphate concentrations were
very low, from 2 mg/l (Curica Spring) to 7 mg/l (Bur-
sa¢ Spring).

Chlorides (CI-). Like the sulphates, the chloride con-
centrations in the spring water samples were very low,
varying from 1 mg/l (Cur¢ica Spring) to 12.76 mg/l
(Bursa¢ Spring).

Nitrates (NO;7). The nitrate concentrations were
very low, far below the maximum allowed concentra-
tion. A nitrate ion (NO;~) concentration of 5.2 mg/l
was detected in the Stitkovo Spring water.

Generally, the samples from all springs in the area
were of the calcium hydrocarbonate Class, Ca-HCOj,
with a mineral matter content below 300 mg/I.

The spring waters were cold, neutral to mildly basic
and moderately hard. The concentration of the individ-
ual elements in the water was below the maximum
allowed concentration. The waters tested in the field
were clear, without colour, taste and odour. Figure 12
illustrates A graphical presentation of the chemical
composition of the tested groundwater (Piper Plot) is
illustrated in Figure 12.

Piper Plot
A
8o/ .80
/'/ \\
@ Stitkovo vrelo 69‘_ ',/\{30
@ Curgica vrelo 49/ SOOR 40

Ca Na+K HCO3 Cl

Fig. 12. Trilinear diagram of chemical composition of
groundwater draining the karst aquifer of Cemernica.

Conclusions

Geological and hydrogeological explorations in the
Cemernica Mountain Massif were carried out from 2005
to 2008, through field and laboratory research including
stages of hydrogeological reconnaissance and mapping.

The groundwater regimes were monitored at the dis-
charge points of the Cur¢ica and Stitkovo Springs over
one year, from 1 May 2006 to 1 May 2007. The qual-
itative and quantitative properties of groundwater were
intermittently tested in the Bursa¢ and KusSica Springs.

Other relevant parameters — daily precipitation height,
springflow rates and water temperatures — were also
monitored over the same period, while the physical and
chemical properties of spring water (four full sets of

analyses,) were determined quarterly. The inferences
are the following:

The Mountain Massif of Cemernica is a structural
part of the western-Serbia Inner Dinarides, structured of
Palaeozoic and Mesozoic rocks.

The tectonic pattern of the Massif, based on remote
sensing information, indicates two dominant strike di-
rections, NNE-SSW to E-W. The whole Cemernica is
intersected by faults, which extend eastwards into Per-
mian—Triassic or Carboniferous rocks. The surface fea-
tures of the faults suggest their being preferential con-
ductors of groundwater.

Middle Triassic limestones form a karst aquifer, the
largest in the Massif.

The karst aquifer is an uncovered hydrogeologic
structure of known recharge and discharge zones.

The springs that drain the karst aquifer are character-
ized by high flow rates (Q,;, 4 to 43.6 I/s; Q.. 10 to
495 1/s).

The mean monthly water temperature varies from
8.5° C to 9.9° C.

The Cur¢iéa Spring belongs the calcium hydrocar-
bonate water group with the content of dissolved solids
ranging from 0.2 to 0.3 g/l with a temperature range
from 8.6° C to 9.7° C.

The information acquired by geological and hydro-
geological research indicates potentially available reso-
urces of groundwater for various purposes (water sup-
ply, fish ponds, bottling, small power stations).

The results of this research provide for the first
time a thorough insight into the water resources in the
Cemernica Mountain Massif.
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Pe3ume

I'eosornja u XuAporeooruja u MJIAHAHCKOT
macuBa YemepHune, 3anagaa Cponja

['eo0mKO-XIAPOTe0IONKa HCTPaKNBakha TIIaHIH-
ckor macuBa Yemepnuiie cy Tpajana op 2005. roguHe
mo 2008. roguue. VcTpakuBama Cy METOIOOIOIIKA
Omia mofieJbeHa Y HeKOMKO (pa3a ca MPIMEHOM MyHOT
obnMa TEePEeHCKNX, TabopaTOPUjCKNX M KaOMHETCKUX
MeTofia, YKIBYUyjyhn haze XugporeoomKor peKOrHO-
cuppara U KapTHpama TepeHa.

Pesknm mop3eMHIX Bofia Koje ce apeHmpajy Ha hyp-
gmha Bpeny u llITutkoBom Bpeny, mpahen je KoHTHHY-
aJTHO Y IepUOfy Off rofiuHy 1ana, Taunuje oy 01. 05. 2006.
mo 01. 05. 2007. rogure. Ha Bpeny Bypcah n Kymmha
BpeIly BpIIeHa Cy NEpUOANYHA OCMaTpara KBaHTUTA-
TUBHUX U KBAJINTATABHUX CBOjCTaBa MOJ[3EMHUX BOJIA.

Tokom Tor mepmopa mpahkenn cy pesKUMCKH Trapa-
METpH MOMYT JHEBHUX CyMa IajaBWHA, U3AAIIHOCTA 1
TeMIepaType MOA3eMHHUX BOfa KOje ce PCHMpajy Ha

OBUM BpejiuMa, Kao U KBapTallHO ofipebuBame mapa-
MeTapa (PU3NIKO-XEMHUjCKOT cacTaBa OBHX Bopa (4
KoMmIuTeTHe aHamu3e "B" o6uma). Ha ocHOBY oBako
IIOCTaBJbEHOT KOHIIENTa 3aKibyuyje ce cienehe:

— IInanuncku MacuB YemepHHLE Y T€OTEKTOHCKOM
CMIUCIy Tpunajia YHyTpammuM [lunapuauMa 3anajgHe
Cpbuje n n3rpabeH je oy creHa mane030jcke u Me3030-
jcKe cTapocTH.

— AHanmu3a TeKTOHCKOTI' CKJIOIA, BpIIEHAa MeTofaMa
MajbUHCKE JIETEKIMje yKa3alla je Ha TOCTOjame JIBa
nommHaHTHA TipaBna pynrypa CCU-J33 go N-3. Ose
pynType ceky ueny YeMmepHully, a npemMa UCTOKY Ipy-
>Kambe UM Ce HacTaBba M Y IEPMOTPHUjaCKUM MU Kap-
OOHCKMM cefiuMeHTuMa. ITpeMa ’uxoBoM MopdOIIOoII-
KOM M3pa3y Ha MOBpLIMHM TEpPEHa, MOXe ce IpeT-
MTOCTAaBUTH fla je TPBUW CHUCTEM 3HAYAJHUJH 32 IUPKY-
Jlallyjy NOA3€MHHUX BOJiA.

— Kapcrau tun m3pganu ¢popMupaH y OKBHPY Cpefl-
BOTPUjaCKUX KpeumaKa je JOMHUHAHTaH Ha MOApYYjy
UCTpakKNBama.

— Kapcrau Tun nzganu popMupas je y OKBUpY OTBO-
peHe XUAPOreosoUIKe CTPYKTYpE, i€ Cy o3HaTe 30Ha
IpUXpambiBakba U 30Ha UCTULAbA.

— VI3BOpH KOju ApeHnpajy KapCTHU TUI U3[JaHU Kapak-
TepHIy ce 3HavajHOM m3pamHomhy (Q, ., = 4-43.6 s,
Quax = 10495 Vs).

— Cpenma MeceyHa TemIiepaTypa BOjie KpeTana ce
o 8.5° C no 9.9° C.

— M3Bopcke Bofe "hypunha Bpena" cy maomMmuHepa-
nm30BaHe Bojie ca MuHepaiu3anujom o 0.2 mo 0.3 g/,
Xu[poKapOOHaTHE KJjace-KallldjyMCcKe Ipyle ca TeM-
nepatypom y oncery 8.6-9.7° C.

— Pesynratu goOMjeHHM T€OJIOLIKO-XUPOIeOJION-
KUM UCTpaXKMBambUMa yKa3alu Cy Ha 3HayajaH IOTEH-
L{jan MOA3eMHMUX BOfla KOje ceé MOI'y KOPHCTUTHU 3a
pasnuunte notpebe (BojgocHaOleBame, PUOHAIM,
(pnammparme, MUHA XHAPOEIECKTPAHE).

PesynraTtu poOujeHu OBUM HMCTpaKuBambUMa Hpef-
CTaBJbajy NpBa ieTajbHUja UCTPA’KUBakha OBOT THUIIA Ha
IJITAaHMHCKOM MacuBy UemepHule.

min
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The influence of the grain-size distribution and soil structure
on the unsaturated shear strength of loess sediments in Belgrade,
central Serbia

GORDANA D. HADZI-NIKoVIC'

Abstract. There is a negative pore water pressure or matric suction in the zone above the ground water
level in silty loess soil, which can be as deep as 5-10 m in the Belgrade area. This primary characteristic of
unsaturated soil, i.e., matric suction, should be included in laboratory testing and geotechnical analyses. Direct
shear or triaxial testing of unsaturated soil are very expensive and time-consuming and require specially mod-
ified equipment. Instead, the prediction of unsaturated shear strength using the soil water characteristic curve,
SWCC, and the effective shear strength parameters ¢’ and @ ‘ is a widely accepted practice. In this study, con-
stitutive soil-water characteristic curves were obtained from the results of experimental testing by draining sat-
urated soil samples under different pressures. This testing was performed for the first time in Serbia in a 15
bar pressure plate extractor according to ASTM standards. The laboratory testing included natural samples of
loess sediments with the original macroporous structure and loess sediments with a destroyed soil structure. The
influence of the grain-size distribution and natural soil structure on the unsaturated shear strength of Belgrade
loess sediments above the ground water level was also evaluated. The obtained results are in accordance with
the results from other investigations.

Key words: unsaturated shear strength, matric suction, loess sediments, soil-water characteristic curve, grain-
size distribution, structure of soil.

Ancrpakr. Hagusnancka 30Ha y MpalIMHACTAM JIECHIM CelMMEHTHMa y moapyyjy beorpapga moxe ma Oyne
ne6smuHe 5-10 m. Y 0BOj HAU3AHCKOj 30HH MOCTOjU MATPUYHA CYKIHja (HEraTUBHU MOPHU MpuTHCaK). OCHOBHO
CBOjCTBO He3acnheHOT Tila — MaTPUYHY CYKIHjy OM TpeGallo YKIbYUIHTH Y 1abopaTOpHjcKa NCIUTHBAKka He3acu-
heHor Tna, anu u reocraTnuke aHanuze. ONUTH IUPEKTHOT CMHULIalkha WM TPUAKCUjAIHEe KOMIIpecHje He3acuhe-
HOT TJIa Cy AYrOTpajHU, CKyNU ¥ TOApa3yMeBajy M3MeHy KOHBEHIMOHAIHE JIabopaTOpHjcKe ompeMe. YMecTO
Tora, cBe 4yelrhe ce KOpUCTH MOCTynak ofipebuBama HeacuheHe yBpcrohe Tia noMmohy OCHOBHE KOHCTHTYTHBHE
3aBHCHOCTH He3acmheHOr Tiia BIasKHOCT/CyKurja u e(peKTHBHUX MapaMeTapa uBpcrohe 3acuheHor Tima ¢’ 1 ¢ °.
Y oBOM papy cy, IpBH NyT KOJI HAC, IPUKa3aH Pe3yaTaTu ofpehrBama KOHCTUTYTHBHUX 3aBUCHOCTY e(PEKTUBHU
cTereH 3acnhema/MaTpiyHa CyKIHja, Ha OCHOBY JIaOOpaTOPHUjCKUX ONHTa ApEeHHpara y30paka Tia MOf pasiiu-
yuTHM npuTHciuMa. ONUTY Cy BpLICHH y 15-bar eKCTpaKkTOpy ca HOJIyIPONYCTILUBOM IIJIOUOM IIpeMa CTaHiap/iu-
Ma ACTM. OnuTH ApeHupama Cy CIpOBeleH! Ha HenopeMeheHnM y30pIumMa ca 09yBaHOM M M3MEH-SHOM Ipu-
MapHOM MakKpOMOPO3HOM CTPYKTYpOM. AHAJIM3HUPaH je U YTUllaj TPaHyJIOMETPHjCKOT cacTaBa U IpuMapHe CTPYK-
Type Ha KOHCTHTYTHBHE 3aBICHOCTH JIECHUX CelMMeHaTa Haju3faHcKke 30He y beorpany. [Jobujenn pesynaraTtu
ynopebeHnu cy ca pe3ynraTiMa HHOCTpaHHUX UCTpasKuBava 1 foOKjeHa cy fo0pa ciarama.

Kmyune peun: uspcroha HezacrheHOT Tila, MaTpUUHA CYKIUja, JIECHU CEAUMEHTH, KapaKTepUCTHUUHA KpUBa
BJIaXKHOCTH, TPaHyJIOMETPHjCKH CacTaB, CTPyKTypa Tia.

Introduction with a natural water content, i.e., it is, in fact, unsatu-
rated. Unsaturated soil is the soil mostly subject to ma-

Soil in the terrain is often considered saturated, even tric suction or with the presence of a negative pore-wa-
when it is actually above the ground water level and ter pressure. There are numerous types of soil in engi-
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E-mail: ghnikovic@gmail.com
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neering practice the behavior of which is not consistent
with the principles and concepts of classical, saturated
soil mechanics: collapsible soil, expansive soil, com-
pacted soil and residual soil. Conventional analyses of
the lateral earth pressure, bearing capacity or slope sta-
bility, which neglects matric suction in soil, give con-
servative solutions and low factors of safety. It is pro-
ved that matric suction in soil decreases the lateral ac-
tive earth force and increases: the critical height of a
slope, the bearing capacity and slope stability. In spite
of that, unsaturated soil was not commonly investigat-
ed in geological and geotechnical professional and sci-
entific practice. The justification for this could be
found in the fact that the results obtained with saturat-
ed soil parameters provide more safety and in the ab-
sence of a simple and, for the practice, acceptable
method for determining the unsaturated shear strength.
Triaxial and direct shear tests on unsaturated soils are
very expensive and time-consuming and require spe-
cially modified equipment. Instead, the widely accept-
ed practice of determining unsaturated shear strength
using the soil water characteristic curve (SWCC) and the
effective shear strength parameters, ¢’ and @ °, was ap-
plied in this study for the first time in Serbia. The paper
deals with the results of draining samples in a pressure
plate extractor, which were obtained to determine the
basic constitutive relations for unsaturated loess soil
from the Belgrade zone above the ground water level.

Loess sediments of the zone above the
ground water table in Belgrade

It is known that the terrain in the Belgrade area con-
sists of two complexes that are considerably different
in the engineering-geological sense: silty Quaternary se-
diments and clay and marls Tertiary sediments. Due to
the structural type of the porosity and the location with-
in the terrain, the silty Quaternary sediments and the
weathered zone of Tertiary clays and marls perform the
function of hydrogeological collector. This is where the
ground water level is most often found, and its depth
depends on the depth of unweathered tertiary clay and
marls sediments.

The terrain of loess covered soil in the Belgrade area
can be classified in accordance with its morphological
and other characteristics into:

— lowlands between the Sava and the Danube Rivers,

— hilly terrain of the urban area.

The lowlands between the Sava and the Danube Ri-
vers represent the end of the spacious plains of Srem,
better known as the Zemun loess plateau. The loess se-
ries consists of five loess horizons separated by four
horizons of paleoelluvial loess soil. In lithological
composition, the paleoelluvial loess soils are represent-
ed by clay-sandy alevrolites.

The specific macro-porous structure of the highest
loess horizons and their position within the terrain have

enabled the formation of a permanent aeration zone of
considerable thickness in the vicinity of the Danube
(elevation 110-114 m above sea level) where it reach-
es 20 or more meters. In the area of lower elevations
(80 m above sea level), this zone is thinner and is
around 8 m thick.

The loess sediments of the zone above the ground
water level of the Zemun loess plateau are mainly pre-
served primary, loose structures. They are characterized
by spherical, cm-size aggregates which cause inter-gra-
nular and inter-aggregate porosity. The size of the pores
is not constant and is between capillary and super-cap-
illary. The pores are continually vertically elongated, ap-
proximately round in cross-section and are consistent
with tubular porosity. The solid particles are interlinked
by crystallized carbonates.

Regarding the grain-size distribution, they are represent-
ed with about 70 % content of the fraction 0.06-0.002 mm;
the content of fraction >0.06 mm increases with depth,
for macroporous and paleoelluvial loess sediments, it is
10-20 % up to a maximum of 90 % for sandy loess soil.
The content of the fraction <0.002 mm is also 10-20 %
for macroporous and paleoelluvial loess sediments.

In the phase content, air-filled pores, around 30 %,
are much more present, whilst the volume of water-
filled pores is around 20 %. Content of solid phase gra-
dually increases with depth. The contribution of pores
to the total volume of the loess is 45-55 %. Of the
total volume 22-32 % is filled with water. The gravi-
metric water content is about 15-18 % and the degree
of saturation in accordance with this varies from 45 %
for macroporous loess, about 55 % for sandy loess and
up to 80 % for paleoelluvial loess soil.

The dry unit weight is 14.2-17.2 kKN/m3 and the unit
weight with a natural water content is 16.4-20.2 kN/m?3.
According to the CASAGRANDE classification, the loess
sediments of the aeration zone are clays with low plas-
ticity, CL, with a liquid limit w, = 24-35 %, a plastic
limit w, = 13-20 %, a plasticity index of I, = 7-15 %
and a colloidal activity of K, > 1.25.

The deeper levels of the loess complex are changed
in grain size and in structure: they are either sandier,
more compressed with many concretions, like sandy
loess or they are of greater clay content and dark in
color, like paleoelluvial loess soil. In any case, they are
found at considerable depth above the ground water
table and are unsaturated. According to this, tests and
investigations of these different loess sediments were
performed on: typical macroporous loess soil, paleoel-
luvial loess soil and sandy loess soil, all of the Zemun
loess plateau, from a part of the Pregrevica area, near
the street of Cara DuSana in Zemun.

A typical example of the loess complex covering the
hilly terrain of the city’s territory is the investigated
location near Kralja Aleksandra Boulevard, west of
DeskasSeva Street to Aradska Street and south of Milana
Rakica Street up to Kralja Aleksandra Boulevard. The
terrain is mildly sloping towards the southwest with an
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Table 1. Results of the identification-classification tests.

14 Y w Gs

e N I Fraction %

Soil 3
kN/m % -

- % <0.0020.002-0.06| >0.06

Sediments of the Zemun's loess plateau zone above the ground water table — Pregrevica locatio

=

Macroporous loess | 16.43 1422 | 1549 | 2.70 | 0.898 | 45| 32 10 12 70 18
Paleoelluvial loess | 20.22 17.17 | 17.81 | 2.75 | 0.602 | 81 | 35 10 12 70 10
Sandy loess 17.54 15.03 | 16.67 | 2.74 | 0.823 | 55| 24 10 12 70 90

Sediments of the zone of loess complex above the ground water table — Boulevard Kralja Aleksandra location

Destroyed structure

18.98 16.01 1852 | 2.74 | 0.655| 75| 39 16 19 73 8
loess
Paleoelluvial loess | 19.80 16.80 | 17.85 | 2.70 | 0.607 | 80 | 37 15 15 75 10
Clayey loess soil 19.61 16.44 | 1930 | 2.68 | 0.630 | 81 36 13 30 62 8

average gradient of up to 5°, and in places up to 15°.
The absolute terrain elevation is between 189.5 and 215.5
meters above sea level in Milana Rakic¢a Street and be-
tween 187.5 and 190.0 meters above sea level along this
part of Kralja Aleksandra Boulevard. The primary mor-
phological characteristics of the terrain are significantly
changed due to the activity of contemporary geological
processes and, especially, due to human activities and
urbanization: excavations, slope cuts and fillings.

The terrain surface is made of a complex of loess
deposits up to 15 m in depth. Two loess horizons with
partly destroyed structure can be distinguished in the
loess complex — layered with paleoelluvial soil and with
clayey loess soil. Under them, delluvial clays 2—-4 m in
thickness are found. Marls and clays are at a depth of
10-15 m. The ground water level is to be found at a
depth greater than 5 m.

The loess sediments of this complex genetically fall
into the slope type. Only the loess sediments on the hyp-
sometrically highest elevations have maintained their pri-
mary macroporous structure and are identical in quali-
ty and mechanical behavior to the loess of the Zemun
plateau. Due to the concurrent activity of Aeolian and
delluvial processes during formation, the deeper layers
are richer in clay components — darker, denser and en-
riched with a carbonate content and have a destroyed
primary structure.

In the phase content, the sediments of the lower
zone have an increased content of solid components of

60-65 %. The pore content in the total volume is
35-40 %. The remaining volume is filled with water.
The absolute water content is 18-20 % and the degree
of saturation varies from 75 to 80 %. Dry unit weight
is 16.0-17.0 kN/m? and the unit weight including the
natural water content is ¥ = 19.0-20.0 kN/m?3.

According to the CASAGRANDE classification, the
loess sediments of the aeration zone are medium-plas-
ticity clays, CI, with liquid limit w, =36-39 %, a plas-
tic limit w, = 23 %, a plasticity index I, = 13-16 %
and a colloidal activity K, >1.25.

In accordance with the listed geological and hydro-
geological characteristics of the terrain and the physi-
cal soil indices (phase content, pore size, absolute water
content, degree of saturation) shown in Table 1, it is
clear that the sediments of the Zemun loess plateau — lo-
cation Pregrevica, as well as those from the investigat-
ed area at the Boulevard Kralja Aleksandra are above
the ground water level and are unsaturated.

Shear strength of unsaturated soil

An unsaturated soil actually consists of four phases.
In addition to the solid, air and water phases, there is
the air-water interface that can be referred to as the con-
tractile skin (FREDLUND & RAHARDIO 1993). The most
distinctive property of the contractile skin is its ability
to exert a tensile pull. The soil particles are assumed
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to be incompressible. Any two of three possible nor-
mal stress variables can be used to describe the stress
state of an unsaturated soil; hence there are three pos-
sible combinations which can be used as stress state
variables for an unsaturated soil. However, the combi-
nation of the net normal stress (O—u,) and matric suc-
tion (u,—u,,) appears to be the most satisfactory for use
in engineering practice.

Unsaturated shear strength is a function of the two
stress variables: the net normal stress and matric suction
(FREDLUND et al. 1976). The relationship of the unsatu-
rated soil shear strength function to the matric suction
can be established based on the primary constitutive rela-
tionships for an unsaturated soil — soil water character-
istic curves. In the literature, different equations have
been proposed to represent sorption or desorption curves
(FREDLUND et al. 1996). In this paper, the soil-water
characteristic curves are defined as matric suction vs. de-
gree of saturation curves according to the BROOKS & Co-
REY (1964) function, one of the most used in practice.

There are three soil parameters that can be identified
from the matric suction vs. degree of saturation curve.
These are: the air entry value of the soil, (u,—u,),, the
residual degree of saturation S, and the pore size dis-
tribution index, A. These parameters can readily be
visualized if the saturation condition is expressed in
terms of an effective degree of saturation, S, (Fig. 1):

S = Sr _Sres (1)
¢ 1_Sres

where: S, is the effective degree of saturation and S
is the residual degree of saturation.

(ua_uw)b
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Fig. 1. Effective degree of saturation vs. matric suction
(BROOKS & COREY 1964).

The residual degree of saturation is defined as the
degree of saturation at which an increase in matric suc-
tion does not produce a significant change in the degree
of saturation.

The air entry value of a soil, (u,—u,,),, is the matric
suction value that must be exceeded before air recedes

into the soil pores. It is a measure of the maximum
pore size in a soil. The sloping line for points having
matric suctions greater than the air-entry value can be
described by the following equation:

S, = {M} V for (u, —u,) >, —u, ) @
(ua _uw)

where: (u,~u,), is the air entry value of the soil and A
is the pore size distribution index, which is defined as
the negative slope of the effective degree of saturation,
Se, vs. matric suction, (u,-u,), curve.

It should be stressed that Eqn. (2) is valid for suction
values greater than the air-entry value and for degrees of
saturation greater than the residual degree of saturation.

The shear strength of unsaturated soil, 7, is then eval-
uvated by the approach proposed by VANAPALLI et al.
(1996):

e’

T; = ¢'+(O-u,)tan@’+(u,—u, )tan’s, 3)

where: ¢’ is the effective cohesion of saturated soil, ¢’
is the effective angle of shear resistance of saturated
soil, (O-u,) is the net normal stress and (u,—u,,) is the
matric suction.

The unsaturated shear strength parameter, ¢@°, which
is the angle of shear resistance with respect to changes
in the matric suction, can also be expressed by the
effective degree of saturation (VANAPALLI & FREDLUND
1999):

tan@ofin(u,~u,) = Stan@’ 4)

where: @°fn(u,—u,,) is the unsaturated shear resistance
for changes in the matric suction (u,—u,,).

Unsaturated shear strength of loess
sediments Belgrade zone above the ground
water table

The laboratory investigations were performed on un-
disturbed samples of several loess soils above the ground
water level from two different locations: from the Zemun
loess plateau — location Pregrevica and from the hilly
area near Kralja Aleksandra Boulevard. The following
were determined for the typical unsaturated silty soils:

— the soil-water characteristics curves, i.e., the effec-
tive degree of saturation, S, vs. matric suction, (u,—u,,),
curves;

— the unsaturated shear strength, 7;, vs. matric suc-
tion, (u,—u,), curves;

— the changes of unsaturated shear resistance @ with
matric suction, (u,—u,,).

The soil-water characteristic curves were obtained
from the results of experimental measurements in which
saturated soil samples were drained under different pres-
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sures in a pressure plate extractor, according ASTM
(1993), standards D2325-68 and D3152-72. The friction
angle @b was also determined in dependence on the
matric suction (HADZI-NIKovI¢ 2005).

The pressure plate extractor consists of a high air
entry ceramic disc placed in an air pressure chamber.
The high air entry disk is saturated and is always in con-
tact with water in the compartment below the disk. The
compartment is maintained at zero water pressure. The
soil specimens are placed on top of the disk and the air-
tight chamber is pressurized to the desired matric suction.
The disk does not allow the passage of air as long as the
applied matric suction does not exceed the air entry
value of the disk. The air entry value of the disk is relat-
ed to the diameter of the fine pores in the ceramic disk.
Therefore, the air entry value of the disk and the strength
of the chamber control the maximum air pressure, or
matric suction, which can be applied to soil specimens.

The application of matric suction to the soil causes the
pore-water to drain in the water compartment through the
disk. At equilibrium, the soil will have a reduced water
content corresponding to the increased matric suction.
The water content at each equilibrium condition can be
computed from measurement of the change in the water
volume. The chamber must be dismantled and the weight
of the specimen measured after equilibrium at each ap-
plied pressure. This procedure is commonly used with
a 15 bar ceramic plate extractor.

Direct shear tests for determining the effective cohe-
sion, ¢’ and the effective angle of shear resistance, ¢’,
of saturated soil are also performed. For undisturbed sam-
ples of loess soil with a natural water content, the fol-
lowing results were obtained: ¢’ = 20 kPa and ¢’ = 24°
for loess; ¢’ = 37 kPa and ¢ = 23° for paleoelluvial
loess soil and ¢’ = 10 kPa and ¢’ = 25° for sandy loess.

With regards to the sediments above the ground wa-
ter level from the Zemun loess plateau (macroporous
loess, paleoelluvial loess and sandy loess), which have
a retained primary structure, and the sediments from the
hilly area near Kralja Aleksandra Boulevard (destroyed
structure loess soil and clayey loess soil), which have
a changed structure without macropores, the obtained
results confirmed the effect of primary structure of the
loess sediments on their unsaturated shear strength.

Unsaturated shear strength parameters
for loess sediments having a macroporous
structure

The constitutive relations: the effective degree of sat-
uration, S, vs. the matric suction, (u,-u,,), curve, Eqn.
(2); the unsaturated shear strength, Tf, Vs. the matric
suction, (u,—u,,), curve, Eqn. (3), and the friction angle,
¢, in dependence on the matric suction, (u,-u,), Eqn.
(4), are presented in Figs. 2, 3 and 4, respectively, for
macroporous loess and in Figs. 5, 6 and 7, respective-
ly, for sandy loess soil.
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Fig. 2. Effective degree of saturation vs. matric suction for
macroporous loess soil.
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Fig. 3. Unsaturated shear strength vs. matric suction for ma-
croporous loess soil.
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Fig. 4. Unsaturated shear resistance with changes in matric
suction for macroporous loess soil.

For eight different values of the matric suction from
20 to 1300 kPa, the obtained values for the degree of
saturation were: S, = 0.11-0.43 for macroporous loess;
S, = 039-0.72 for paleoelluvial loess soil and
S, = 0.26-0.55 for sandy loess sediments.

The value of the residual degree of saturation was
the lowest for the macroporous loess, S, = 0.11, while
the values of S, were 0.39 and 0.26 for paleoelluvial
loess soil sandy loess sediments, respectively. The de-
saturation velocity decreased with increasing residual
degree of the saturation. This actually means that the
unsaturated shear resistance, (°, slowly decreased for
soil samples with a larger residual degree of saturation.

For values of the matric suction, (u,—u,), between
20-50 kPa, the angles of unsaturated shear resistance,

@°, were 16°-8°, 20°-12° and 11°-7° for macroporous
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loess soil, paleoelluvial loess soil and sandy loess sed-
iments, respectively. It was observed that the draining
occurred very fast for macroporous soils.
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Fig. 5. Effective degree of saturation vs. matric suction for

sandy loess soil.
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Fig. 6. Unsaturated shear strength vs. matric suction for
sandy loess soil.
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Fig. 7. Unsaturated shear resistance with changes in matric
suction for sandy loess soil.

The grain-size distribution was also very significant
for both the soil-water characteristic curve and the un-
saturated shear strength. With increasing grain size in
the soil, the effect of matric suction on the unsaturat-
ed shear strength diminished. For macroporous loess
soil, however, its primary structure was more signifi-
cant than grain-size distribution. The macroporous loess
samples had the lowest values of the degree of satura-
tion for the same matric suction value, even lower than
the value of the degree of saturation for the sandy loess
soil having the largest grain size.

The effect of matric suction on the unsaturated shear
resistance, ¢, was more significant at lower matric

suction values, with a higher value of the degree of sat-
uration. After a certain matric suction value, the unsat-
urated shear resistance rapidly decreases.

Unsaturated shear strength parameters for
loess sediments with a destroyed structure

The constitutive relations: the effective degree of sat-
uration, S, vs. the matric suction, (u,-u,), curve, Eqn.
(2); the unsaturated shear strength, 7;, vs. the matric
suction, (u,—u,,), curve, Eqn. (3), and the friction angle,
@b, in dependence on the matric suction, (u,-u,), Eqn.
(4), are presented in Figs. 8, 9 and 10, respectively, for
destroyed loess and in Figs. 11, 12 and 13, respective-
ly, for loess clay soil.
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Fig. 8. Effective degree of saturation vs. matric suction for
destroyed loess soil.
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Fig. 9. Unsaturated shear strength vs. matric suction for
destroyed loess soil.
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The soil-water characteristic curves for the destroyed
loess soils confirmed that loess sediments in the hilly
area of Belgrade had been subjected to processes which
led to great changes in their primary structure in com-
parison with the macroporous loess soils in the Zemun
plateau. Namely, the effective degree of saturation vs.
matric suction curves of the residual loess sediments
were above the effective degree of saturation vs. matric
suction curves for macroporous loess. This means that
the soil with a greater silty and sandy fraction had a
steeper soil-water characteristic curve in comparison to
that of soil with a greater clayey fraction.
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Fig. 11. Effective degree of saturation vs. matric suction for
clayey loess soil.
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Fig. 12. Unsaturated shear strength vs. matric suction for
clayey loess soil.
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Fig. 13. Unsaturated shear resistance with changes in matric
suction for clayey loess soil.

For eight different values of matric suction from 20
to 1300 kPa, the obtained values for the degree of sat-

uration were: S, = 0.46-0.95 for the destroyed loess soil
and S, = 0.67-0.94 for the clayey loess soil. The resid-
ual degrees of saturation for the destroyed loess sedi-
ments were higher than those for the macroporous loess
sediments, S, = 0.35-0.58.

For values of the matric suction (u,-u,) = 20-50 kPa,
the angles of unsaturated shear resistance, (® were
22°-16° for the residual loess soils. The value of the
unsaturated shear resistance decreased more slowly in
comparison with those of the macroporous loess soil,
because desaturation lasted longer.

Verification of obtained results

Bearing in mind that this type of investigations were
conducted in Serbia for the first time, the results ob-
tained in this way were checked by comparison with
results from known investigations in which a different
method was employed.

The obtained results were correlated by use of the
non-dimensional parameter, K, determined for different
types of soil, and the established dependency of the
parameter K on the plasticity index /,. VANAPALLI &
FREDLUND (1999) suggested the following equation for
determining the unsaturated strength:

T = [ +(O,~u)tan@ |+ (u,~u,,)O K(tan@’) 5)

where: K is a fitting parameter for the predicted and
measured unsaturated shear strength and @ = w/w,,
where w is the water content after draining under a cer-
tain value of matric suction, (u,—u,,) and w, is the satu-
rated water content.

Based on the reverse of this equation, value of cor-
relation parameter K was determined for all types of
soil for which experimentally determined constitutive
relations: the effective degree of saturation vs. matric
suction and the strength of an unsaturated soil vs. the
matric suction exist. The obtained values of the param-
eter K are shown in the diagram of the already deter-
mined relationship between the fitting parameter, K,
and the plasticity index, I, (VANAPALLI & FREDLUND
2000), Fig. 14.

From the diagram, it can be seen that there is a good
agreement of the parameter K with the established
dependency on the plasticity index /, for silty loess
sediments. Furthermore, it can be seen that the param-
eter K is in concurrence with the previously quoted
dependency on the plasticity index I, for silty and silty-
sandy loess sediments, primarily for sandy loess and
macroporous loess from the Pregrevica location, and
also for the destroyed slope loess sediments from Kra-
lja Aleksandra Boulevard. Somewhat less concurrent
are the results for the changed loess sediments with a
larger clay content at the location in Kralja Aleksandra
Boulevard, such as the clayey loess soil and the ellu-
vial loess soil.
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Fig. 14. The relationship between the fitting parameter and the plasticity index

(VANAPALLI & FrREDLUND 2000).

Concluding remarks

According to the geology and hydrology of terrain
in the Belgrade area and the engineering-geological and
hydrogeological properties of the soil, it is obvious that
the zone above the ground water table can be 5-10 m
in depth and the soil is unsaturated in this zone.

Geotechnical analyses of the lateral earth pressure,
the bearing capacity and slope stability in respect of the
matric suction in the zone above the ground water level
confirmed that matric suction can be very important for
rational design in geotechnical engineering.

A negative pore-water pressure is present in this zo-
ne, which contributes to a larger shear strength of the
unsaturated soil. Laboratory investigations were per-
formed on undisturbed samples of several loess soils
above the ground water table from two different loca-
tions: from the Zemun loess plateau, location Pregrevi-
ca, and from the hilly area near Kralja Aleksandra
Boulevard. For typically unsaturated silty soils. the fol-
lowing relationships were determined: the soil-water
characteristics curves, i.e., effective degree of satura-
tion, S,, vs. matric suction, (u,~u,), curves, unsaturated
shear strength, 7;, vs. matric suction (u,-u,,), relations
and the changes in the unsaturated shear resistance, @b,
for changes in the matric suction (u,—u,).

Soil-water characteristic curves were obtained from
the results of experimental measurements on draining
saturated soil samples under different pressures, which
were performed in a pressure plate extractor — 15 bar
Pressure Plate Extractor 1500 — Soilmoisture Equipment
Corporation, Santa Barbara, California, according to
ASTM standards D2325-68 and D3152-72.

The unsaturated shear strength was determined by the
VANAPALLI Eqn. (1996) using the basic effective degree
of saturation vs. matric suction curve proposed by Bro-
OKS & COREY (1964), one of the most used in practice.

The contribution of matric suction to the unsaturat-
ed shear strength depends on the draining velocity. For

With decreasing grain size, the
velocity of the desaturation de-
creased. Increasing grain size in
a soil, diminished the effect of
matric suction on the unsaturat-
ed shear strength. However, for
macroporous loess soil, its primary structure was more
significant than the grain-size distribution.

The obtained results are in accordance with the re-
sults of other available investigations.
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Pe3ume

YTunaj rpanyI0MeTpHjCKOr cacTaBa u
CTPYKTYpe TJ1a Ha He3acuheny uBpcrohy
NecHnx cenumenara y beorpany, nenrpanna
Cponja

Hapm3pmancka 30oHa Ha onpebenmM noxkammjama y
nofpyyjy beorpaja nma 3Havajuy ne6muny, 5S-10 m. Y
0] TOCTOje HETaTHBHH IOPHM TPUTHUCIHM WA MaT-
pryHa cyknmja, Koja moBehaBa uBpcrohy HezacmheHor
Tina. [Ipunukom pemaBama ofpeheHNX TeOTeXHUIKNX
npoOGiemMa, KOju ce MaHN(ECTyjy W3HAJ] HIBOA TIO3EM-
HE BOJIe, Kao IITO Cy NpoOiieMr INIATKOT (hyHIUpama,
onpebnBama akKTHBHOT NPHUTHCKA TIa, CTaOWIHOCTH
BEPTHKAIHUX WCKOIA WM KOCHHA Ca KIM3HOM IIOBp-
IIMHOM W3HAJl HUBOA BOfe, Tpebano O6m yBasKaBaTH
MpHUHIAIIE MEXaHWKe He3acmheHor Tia, a MeTofe WC-
TpaXkuBama M Ja0OpaTOPHjCKUX NCIUTHBAKA, Kao W
reocTaTHyKe aHaJn3e, YCKIAIUTH ca PEATHAM TepeH-
CKUM YCIIOBHMMA, JIaKIIe Y3 yBasKaBame MOCTOjama He-
TaTUBHUX NOPHUX MPHUTHCAKA y TIY.

JlabopaTopmjcka WCIMTHBama 4YBpcTohe Hesacmhe-
HOT TJIa ONUTHAMA AUPEKTHOT CMUIaFa WM TPHAKCH-
jaHe KOoMIpecHuje Ccy AYroTpajHa M CKyla W 3aXTeBajy
MonuIKOBak-¢ KOHBEHI[OHAIHE JTab0paTOpHjCcKe OIl-
peme. 360r Tora ce yBpcToha cmumama HezacrmheHOT
TJIa CBe BHIIE ofjpehyje mocpemHo, mpeKo KPMBUX 3aBHC-
HOCTH BJIasKHOCT/MaTpHYHA CYKIWja U e(PeKTUBHAX TIa-
pameTapa uBpcrohe cMuIama 3acuheHor 1a ¢’ 1 @’

Y pany cy NpuKa3zaHu W aHAIW3WPAHH pPe3yITaTH
IpeHnpama y30paka Tia, y eKCTpaKTOpy ca IOIYIIpo-
MYCT/AUBOM IUTIOYUOM TIOf PAa3IMIUTUM BeIUIMHAMA
MaTpuuHe cyknuje. [1o mpBu myT KO Hac, Ha OCHOBY
OonmWTa ApeHWpama MO PA3NIUYATAM IPUTUCIHAMA,

YCIOCTaBJbEHE CYy KPMBE 3aBUCHOCTH €(PeKTUBHH CTe-
el 3acnhema/MaTpudHa CyKIHja M HA OCHOBY HUX H
e(eKTUBHIX apaMeTapa uBpcTohe 3acmheHor Tia, ¢’
U ¢, ycIocTaBJbeHEe 3aBUCHOCTH He3acmheHa uBpcroha
Tia/MaTpuyHa cykuuja. Takobe, ogpebene cy 3aBuc-
HOCTH BeNMYNHE He3acnheHe OTIIOPHOCTH Ha CMUIAHe
@P o7l MaTpUUHE CYKIHje.

JlabopaTopujcka UCIUTHBaWma Cy BpIIeHA HA TMPH-
ponHnM HemopeMmeheHnM y3opiMa Hau3TaHCKe 30HE
ca OYyBaHOM ¥ W3MEHEHOM NMPUMAapHOM CTPYKTYPOM.
Ha Taj HaunH je aHaMM3WpaH yTHUIAj MMOjeANHNX YAHU-
Jana, a Ipe cBera IpaHyJIOMETPHjCKOT cacTaBa U IpH-
MapHe CTPYKType Tia, Ha KOHCTUTYTHBHE 3aBUCHOCTH
He3acnheHnX JIECHIX cefluMeHaTa.

[ToBehame uBpcTohe cmumama ycief TMOCTOjamba
MaTpHYHE CYKIHje 3aBUCH Off Op3MHE ApeHUpama Tia.
3a uCcTH HOpMAaJIHA HAIlOH W UCTY MaTPUIHY CYKIH]Y,
y30piu Koju nMajy Behu epekTrBHE cTeneH 3acnhema
nMajy Behy uBpcrohy.

Maxponopo3H# Jiec U IIECKOBUTH JIEC Y TIPUPOITHOM
CTamy UMajy BeJuKe nope, MehycoOHO moBe3aHe u 1o-
Ka3yjy BeoMma Op30 ipeHnpame ca moBehameM cyKuyje,
TaKo f1a BeJIMYMHA yriia ¢° Bpso 6p30 M HATJIO Omaja,
jep ce mpeHmpame 06aBiba Beoma 6p30. Ca cMamemeM
BEJIMUMHE 3pHA U BEJIMYMHE TIOpa y Ty, Op3uHa feca-
Typalnuje omnaja.

I'paHynoMeTpHjcKu cacTaB Tia 3HaYajHO yTHYE Ha
00K KpWBe BiaskHOCT/ MaTpuuHa cykumja. [ToBeha-
IBEM BeJMYMHE 3pHA y TIy, ONajia yTWIAj BEIWIMHE
MaTpUYHe CyKIuje Ha He3acmheHy uBpcrohy. 3a y30p-
K€ MaKpOIIOpO3HOT Jieca, MehyTnMm, 3HaUajHHja je Hhe-
roBa CTPYKTypa, BEIMUNHA NTOpa U BruxoBa MehycobHa
MOBE3aHOCT Off TPaHYJIOMETPHjCKOT cacTtaBa. 360r
CBOj€ IIeBacTe CTPYKTYpe, MAKPOIIOPO3HH JIeC NMa Haj-
HIDKH CTEICH 3acuherha 3a WCTY BEJIMINHY MaTpUIHE
cykumje, y mopebemy ca octaianM, YaK W KPYTHO3PHH-
jAM TJIOM, HIIP. TIECKOBHUTH JIECOM.

Kpuse 3aBucHOCTH e(heKTHUBHHU CTeleH 3acuhe-
Ba/MaTpUYHa CYKIWja NaJUHCKAX N3MEHEHNX JIECHAX
cemMeHaTa IIoTBphHyjy mpoMemeHy CTPYKTYPY Y OfHO-
Cy Ha JIeCHE CeIMMEHTe OUyBaHe MpIMapHe CTPYKTYpe.
KpuBe 3aBucHOCTH OBHX celmMeHaTa Cy N3HAN KPUBAX
3aBUCHOCTH HEM3MEHHCHMX MaKpOIIOPO3HAX JIECHUX
cemMeHaTa, fakje Tio ca BehuM ydemheM KpymHO-
3pHHje (ppakiyje mokasyje CTpMHUjy KpUBY 3aBUCHOCTH
BJIAXKHOCT/ MaTpU9IHA CyKnpja off Tia ca Behnm yuern-
hem rmuHOBHTE, CUTHO3pHU]jE (ppaknuje.

Y30pim n3MeHEeHOr TaNHCKOT Jieca ca Jokammje by-
nesap Kparba Ajekcanpa nmajy criopuje onafame yria
@b, jep ce npeHnparbe 06aBIba 3HATHO CIIOPHje y OTHOCY Ha
HEeM3MeHeHe JIECHE CEIMMEHTE OUyBaHE CTPYKTYpeE.

YTunaj maTpuyHe cyknuje Ha He3acmheHy UBPCTO-
hy, ¢, Behu je 3a Marbe BeTMUMHE MaTpPUIHE CYKIHje,
npu Behewm creneny 3acnhema. Hakon ofgpebene Benu-
YHHE MaTpW4YHE CyKIHje, uBpcToha He3acmheHOr Tia
OYAE-¢ HATrJIO J1a Maja.

Jlobujern pesynraTtu ynopebeHm cy ca pesysTaTuMa
MHOCTPAHMX UCTPasKiBava 1 foOMjeHa ¢y Jo0pa cliarama.
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IN MEMORIAM

IIpog. np Munesa Craguh-Tpudynosuh
(1930-2005)

Mapra 2005. roguHe TOTIYHO HEOUYEKUBAHO TIPEMU-
Hyna je MuneBa Cnapguh-TpudynoBuh, pegoBan mpo-
¢ecop Pymapcko-reonomkor ¢akyiaTeTa y NEH3WH U
HUCTAaKHYTH CPIICKW WHXEH-EP T'€OJIOTHje W MAJCOHTO-
mor. Kao memaror m HayyHWK OCTaBHWIIA je 3a COOOM
n3y3eHO TyOOKe Tparose.

Pobena je y [lyumthy Ha octpBy Bpauy 4. HOBeMm-
6pa 1930. rogure. Oran, bypo Cnagnh 6mo je ciuyx-
6eHuK a Majka Jbybwuia, pobena Bumosuh, gomahnia.
PaHO fleTHECTBO MpoOBeNa je y pOTHOM MECTy Ha Oc-
TpBy. On 1937. )xuBena je c pogurebuma y Yauky, rjae
je 3aBpmImia OCHOBHY KONy 1 JKeHCKYy TIMHA3djy. Y
jecen 1949. ynucana ce na I'eonmomku dakynret Tex-
HUYKe BelmKe MKoe y beorpaay Ha KojeM je u qurmo-
mupana 1956. ca cpegmom oneHom 9,6. O TuM cTyanja-
Ma, ICIIATAMA U IpogecopruMa YeCTO U C OfYIICBIbe-
BEM je TpuyJalia jep Cy Te TOfMHE OCTaBWIE Ha IbY
CHa>KHE YTHUCKE.

Aszrycra 1956. mocraBibeHa je 3a capagHuka (y 3Ba-
By IPANIPaBHAKA Ipodecopa cpefmse mKoe) Ha Kare-
ApH 3a TeoJoTHjy u majeoHTonornjy ['eomomkor da-
Kkyateta y beorpamy. 3amaTak joj je 6mo j1a pyKoBOH
BexkOamMMa CcTyleHaTa u3 npenmera Ilaneonronormja
7 y4ecTByje y u3BObemwy TepeHncke HactaBe. OBH mO-
CITOBH Cy OMTHO yTUIANN Ha (popMupamke HeHOT Iefa-
TOIIKOT UCKYCTBA ¥ OyAayher HacTaBHIIKOT poguia.

Y jecen 1961. m3abpana je 3a mpefgaBayva 3a MpeaMET
ITaneonTonoryja Ha Pygapcko-reosomkoM gakynre-
Ty y Beorpany. M3Bosiuia je eJoKylnHy TEOPHUjCKY U
MpakTUYHY HacTaBy U3 Tor nmpeaMmera. Pem3zaOpana je
1966. u 1977. ropune anu tajia Beh va Karenpwu 3a ma-
JIEOHTONOrYjy uHTerpucanor I'eonomkor oaceka Py-
[apCKO-TeONIOLIKOr (haKynTeTa. Y TOM 3Bamly je ocTa-
ma cBe 0 1981. ropune. TokOM JiBe fleTieHMje TIpejjaBa-
Ja je pa3He KypceBe NaJICOHTOJIOTHje€ U JIEJNOBE TOT
npepMera. OcuM Tora, HalpaBuia je Iporpame, Ipu-
IpeMuia je ¥ ofpxkapalla IpefaBama U BexOamwa U3
MOTIYHO HOBHUX KypceBa: OmllTa MaJe€oHTOJOTHja U
Mukponaneonronoruja. [Ipunpemajyhu ce 3a Taj 03-
OmsbaH M 3aMalllaH Mmocao MPOYydYnsia je OpraHu3anujy
HactaBe n3 Mukpomnaneontonoruje Ha Cop6onn y Ila-
pusy 1974. ropune.

T'oguae 1980. ogbpannia je HOKTOPCKY AMCEepTanHjy
oy, HacnoBoM “IlajmeoHTONOIIKE KapaKTepUCTHKE U
O6uocrpaturpacku 3Ha4aj pyJUCTHOT CEHOHCKOT poja
Pseudopolyconites Milovanovi¢” Ha Pygapcko-reosor-
koM cakynrety y beorpany.

3a pgomenTa, 3a mpeamer Omimra NajJeoOHTONOTH]a
n3abpana je 1981., 3a BaapegHoT pochecopa 1983. a 3a
penosHoOr 1989. ropmue. ¥Y3 TO mpefaBaia je u 3HaATaH
neo Mukponaneo3oonoruje. [lensnmonncana je 1996.
ropuae. Op 1993. rogune 6mna je med Karenpe 3a na-
neoboranuky. [Ipemunyna je 29. mapra 2005. ycnen
anomiekcuje y beorpany u caxpameHa y IOPOJUYHO]
rpo6unnm Ha HoBoM rpo6iby.

Kao HacTaBHUK yHOcCWJA je y CBOja IpefjaBara ca-
BpeMeHa cXBaTarba U METOJI€, MHOTO TpYy/a 1 EHTY3Hja-
3Ma Ia ce pa3Buia y 6ecripekopHor negarora. CTyieH-
TH CYy Ca HECKPUBEHUM MHTEPECOBAHEM IPATIIIN HhEeHa
IpeflaBama, aKTUBHO YYECTBOBAJIM y HUMa U ca 3a/0-
BOJbCTBOM paclpaBibajid O OHOME IITO Cy Hay4yuju.
IToceOHe Hamope ynarana je y paj ca CTYA€HTHMA -
njaomuuMa. M3Bena je TpupeceT U eT reHepanyja cry-
peHaTa Pygapcko-reosomkor ¢gakynreTa.

Panu yHanpebemwa u ynornywmaBamba CBOjUX 3HaHa
U3 MaJEOHTONIOTHje PYyAUCTa U MUKPONAJIEOHTOJIOTHje
OopaBuiia je y BUIE HaBpaTa Y HHOCTPAHCTBY Ha CTY-
nujckuM TyToBamuMma. Tako je 1959. m 1966. mpoy-
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vaBana Ha CopO6oHm u Ha Brcokoj pygapckoj mKoau y
ITapusy uyBeHe, KiacuuHe 30MpKe pyAucTa u ynopebu-
Bajla Hamy W (ppaHIycKy pymucTHy (ayHy. [ogmae
1974. crynupana je xonotunoBe pyaucra y I'pamy, be-
ay, ®pajoypry, bony, Amcrepaamy, [Tapusy u Tpcry.
Y3 To ce 6aBuna u 30upkama MakpogopamuHaudepa y
beuy u I1apusy.

HcrpaxkmBauky mocao 3armodena je joIr Kao arncod-
BEHT TOKOM HM3pajiec CBOT AUILUIOMCKOT paja O BeoMma
CTIeIINjalIn30BaHOM PYIUCTHOM pofy Pseudopolyconites
Milovanovi¢. O Tome je o6jaBmia pag 1957. 3atum, y
TOKY CBOT NYTOTOAWINE-ET pajja, MOCTHUIJIA je BeoMma
3HavajHE pe3ysTaTe, Koje je MyOImKoBaja y peHOMH-
paHNM foMahvM M MHOCTpaHMM YacOMICAMa Wi WX je
nmpuKa3muBaia Ha JoMahuMm m MebhyHapogHUM CKyIIOBH-
Ma. Papiiia je Ha pa3mmauTaM npoGieMrMa anmd ce Me-
by meHnM mocTurayhnma Ha IIPBOM MECTY Hajase Hc-
NMUTUBaka CEHOHCKWX pymucTtHux (ayna Cpbuje,
3aTHM JIPYTHX AenoBa Omsire JyrocnaBuje, UTanmje n
Aycrpuje. 1o 3Ha9ajy HAPOUUTO ce UCTUYE FHEeHA JIOK-
TOpCKa JUcepTanyja ajy u HI3 WIaHaKa O [EeJOKYITHO]
MAJICOHTOJIONIKO] MPOOIEMATHIN TICEYTONOINKOHNTA,
KOje je OHa ToANTIIa y paHT paMuimje.

INocnenme mBE meneHnje CBOja MpoyvaBama CEHOH-
CKUX PY[UCTa CHHTETH30BaJA je Yy MpUKa3uMa BAXOBE
nmaneobmuoreorpacduje y Terucy. [Ipu Tome, uzaaja-
IBEM HH3a PYIUCTHUX IPOBHHIMja W3BEJa je BeoMa
3aHUMJBMIBE W JIOTHYHE TNajeoreorpagcke peKoH-
crpykuuje maaber cenona Cpepgozemsba. OBH OTITYHO
OpUTHHATHA PaflOBH MMajy W IMpH Mebhypernonaran
3Ha4aj. YcnemHo ce 6aBmia, MehyTiMm, i ApyruM mpo-
671eMrMa Kao MITO Cy MaJC€OHTOJOTHja U OMOCTpaTH-
rpaduja KOHOJJOHATA U3 TPHUjaca ¥ MaKpo- 1 MUKPOho-
pammHHu(pEpa U3 TOpHe Kpefe.

Kao HayuHm pagHuK MCHOJbWIA je OcOOWHE WMCTpa-
>KuBaya 3HaTHE MOcBeheHOCTH M MPHIBEKHOCTH, yIa-
IJbUBE CaBECHOCTH, OATOBOPHOCTH W BEJINKE WHBEHIIU-
je Kako mo MeTofjaMa KojuMa ce CIYXKIIa Tako ¥ II0
KOMIUIEKCHOCTH TpobiieMaTnke Kojy je oOGpabuBamna.
OG6jaBuiia je cTOTHHAK pajioBa umja 6mbmmorpadwuja je
mrammnana y “3amucHunmMa CpICKOT TeOJIONIKOT
npymTea” 3a 2005. ropunay (cTp. 85-91).

Ca pedepaTtnma wim 6e3 BHUX yuecTBOBajia je Ha
roroBo cBuM KoHrpecnma reosmora Jyrocnasmje, 3aTum
Ha cuMro3ujymuMa [ImHapcke aconmjanyje U Ha HA3Y
CEIMMEHTOJIOMNIKAX CKYNIOBA Y 36MJbH 1 HHOCTPAHCTBY.
Pedepare je nogaoCcHiia 1 Ha Mebynapogaum reostori-
KUM KoHrpecuMa y Mocksu (1984) u dupennu (2004);
3aTuM Ha CHMIIO3WjyMy O TepHajipujaTcKuM KapOo-
HaTHAM TiaTdopmama (Tper, 1987), Cumnosujymy o
eKOJIOTHjN W TAJCOeKOJOTHju OCHTOCKHX 3aje[HUIa
(Copenro, 1988) u nmp. buna je penerar Case3a reo-
JOWKMX ApymTaBa JyrocinaBuje Ha Mebynapogaum
reoyiomkuM KoHrpecuma y Ilekunry (1996), Puo ne
Kenenpy (2000) u y ®upennu (2004).

WNunnmpana je n opranm3oBana [1pBy mHTEpHAIHO-
HanHy KOoH(pepeHumjy o pyauctuma y beorpagy, 1988.
Ha ToMm ckymy je n3abpaHa 3a npefceHIKa HOBOOCHO-

BaHe PanHe rpymne 3a pynucte y okBupy MHTepHanuo-
HajHe najeoHTonoumke yHuje. ITocne, Ha ckynoBuMma
te rpyne y Utamuju (1991), Mekcuky (1993) n y ®pan-
yckoj (1996) kao npeceqHUK 3HAYAJHO je OMpHUHETa
YCIIELTHOCTH ¥ KOHTHMHYUTETY paja OBOr Teja. Y3 Be-
JINKY YOOPHOCT W MHOTe KOMIUIMKaNuje Omma je W Ha
nocnenmeM Konrpecy oBe Pagne rpyne y XpBaTckoj.

Hapounuto Tpeba mcTrakHyTd HeH paj y CprckoM
TEOJIOIIKOM JPYIITBY Y KOMe je Omiia armiaH wiaH (of
1956), cekpetap (1981-1985) u npencepauk (1987-1991).
3a To [IpymTBO yuMmHMIIA je BeOMa MHOTO a OCOOWTO
Kaysia je ono ycpen 3ume (1998-1999) 6uno mpakKTUIHO
n30a4€HO Ha yJIully Off CTpaHe TaJallber pyKOBOJCTBA
ExoHoMcKkor (pakynrera HOAPXKAHOI HACUITHUYKHUM
MOHAllIakheM HEKUX MOIUTHYApa. Y TOj U3Y3€THO Tell-
KOj cuTyanuju obe3befiuia je MpoCTOpHje 3a CMEIITaj
JpylTBa 1 IpeHesa y bUX caB UHBEHTAp U Oubnuore-
Ky. YTIOpHO je mpuKyIsbaiia (puHAaHCH]CKA CpEficTBa 3a
pan [pyursa. MopiepHu3oBana je usrieq u CTpykTypy
“3ammcanka CI'JI”. Omy4yHo ce 3amarana 3a ofpsKa-
Bame 300poBa [IpylITBa U 3a aKTUBUPAKE U OKYIba-
e YJIaHCTBa. [leBefieceTux roqHa OpraHu3oBala je u
u3BeJa YATAB HU3 CKYNOBA U OKPYIVIMX CTOJIOBA O NPO-
6remMuMa ¥ monoxkajy reonoruje y Cpbuju, utn. Haj-
3HAYajHUjU JONpUHOC y paay [IpymTBa, mehyTtnm, oba-
BWIA je y OpraHm3anuju obejeskaBama CTO TOfUWHA
Cprckor reosowmkor apyurtsa. [Ipunpemana cucrema-
TUYHO U YIIOPHO CKOPO TPU T'OAMHE IIpOCciaBa TOr 3Ha-
vyajaor jyomieja CI'T] opgpxkana je 30. maja 1991. rogu-
HE BeoMa cBe4yaHo y Jemoj canum Cpricke akajemmje
Hayka 1 yMeTHOCcTH y Beorpagy. O ToMe je ocTao on-
mupan Tpar y “Cnomenunn” (1992) u3 koje he ce m y
O6ynmyhHOCTH JbyIM O6aBeIITaBaT! O OBOM Jorabajy. 3a
caB CBOj JOIPUHOC Yy pafy [IpyliTBa nocrania je Hheron
MOYacH! WiaH a Tociie WeHe cMTH JIpymiTBo joj je
MOCBETUIIO MOCeOHY KIbUTY “3anucHuka” (2006).

Kao npencepauk CI']] anu un KacHuje Owiia je 4jiaH
CkynmtuHe u IlpepcegummrBa CaBe3a TIeONOLIKUX
npymtaBa COP Jyrocnasuje u HeroB MOAMPENCETHUK.
ITocne pacnapa gpyre Jyrociaapuje Ousa je npefcegHuK
tor CaBe3a y Tpehoj Jyrocnasuju cBe 1o cBoje CMpTH.

ITocnenme iBe meneHnje MHOTO ce 6aBwiia u ypebu-
BameM nybnukanyja. Kao rinaBHu U oroBOpHM ypen-
HUK cIpeMuiia je 1 o0jaBuia HA3 U3[jalba BUCOKOT KBa-
nureta. Tako, Ha mpumep, M3abpane pamoBe bpanu-
cnaBa MunoBanoBumha, matepujane ca [IpBe koude-
pennyje o pyauctuma (“The Rudists”), gyeTupu Kebure
“3amncanka CIJ1”, “Cnomenunty 100 roguna CIJ1” n
nBe kmure Hukone [Tantnha. CBe Te Kwure qodmire cy
BEOMa MHOT'O Y lbUXOBOM KBAJIUTETY Oalll 3axBajbyjyhu
NEAAaHTHOM JIEKTOPCKOM M KOPEKTOPCKOM pajy Iia-
BHOT' U OITOBOPHOT ypefgHuKa. ¥ TOM IIOCIy HHje Ka-
JIuj1a HU BpeMe HU Hamope.

Kusor, Ha Xanoct, HUje joj OMO HApOYNUTO HAKJIIO-
weH. [Iponasuna je, Ka0O 4YOBEK U HACTaBHUK, KpO3
MHOTe IpoOjeMe, Telkohe, MUKaHUpamba, IpenpekKe,
Hepa3yMeBama M YHalpes cKoBaHe 3aBepe. 3axBalby-
jyhu CBOM CHa>kKHOM JyXy, YIOPHOCTH, MCKPEHO] TO-
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cBeheHOCTH MOCTy ¥ OTPOMHO] PajHOj EHEePTHUju OHA je
CBE TO caBiajaBaja W W3 TUX Hemaha m3nasmina Kao
npenopobena. Y Tome cy joj moceGHO moMarai BeJu-
KU ONTHMH3aM W HEMmokojeOsbuBa Bepa y 06oiby Oy-
nyhHOCT.

Ocrana je meby caBpemenunmma ymamheHa Kao
O[IMYaH W OMUJBEH YUUTEIb, YIIIeTaH HAYIHUK, OATO-

BOpaH pPaJHIK, IIpUjaTaH CarOBOPHUK, IEH-¢HA KOJIETH-
HUIA, UCKPEH W TOYy3[aH MpHjaTelb a W3HAJ CBera —
MapKaHTHA JlaMa.

Hexa je xBasa 3a cBe IITO je ypaawia u ciaBa Muie-
Bu Cnaguh-Tpudynosuh.

Anexcannap ['pyouh
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