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Introduction

Condensed successions result from an exceptionally
low sedimentation rate. Although HEIM (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,
KIDWELL 1993, KONDO et al. 1998). The most compre-
hensive characteristics of this phenomenon were provid-
ed by GÓMEZ & FERNÁNDEZ-LÓPEZ (1994) and FERNÁN-
DEZ-LÓPEZ (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 AMOROSI (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 a shallowing basin on the eastern Russian Platform

SVETLANA O. ZORINA
1, DMITRY A. RUBAN

2 & A. J. (TOM) VAN LOON
3

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.
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Apstrakt. Isto~ni obod Ruske Platforme pokazuje izuzetan podatak o jursko-krednom prelazu, koji je

predstavqen veoma tankim slojevima pe{~ara. Prisustvo glaukonitskih zrna, fosfornih konkrecija i

zubi ajkula ukazuju da prelazni sedimenti izgra|uju kondenzovanu sukcesiju i ako alohtono poreklo

glaukonitskih zrna nije uvek pouzdan pokazateq. Kombinacija uskih amonitskih zona i jako smawewe

brzine sedimentacije od ~0.05 cm/ka su svakako ubedqiv dokaz. Prelazni jursko-kredni sedimenti depono-

vani su u basen ~ija se dubina istovremeno pove}ava sa padom eustati~kog nivoa svetskog mora. Ova koin-

cidencija ukazuje da se kondenzovane sukcesije mogu formirati u plitkim sredinama, a koja je u suprotnos-

ti sa konceptom sekventne stratigrafije. Razmatraju}i prou~avani karakter sedimenata, proizilazi da su

se i stratigrafska i tafonomska kondenzacija de{avale u ovom delu isto~ne Ruske Platforme.
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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, ZORINA & RUBAN 2007) documented a con-

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 & RU-
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-

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

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
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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).

Fig. 2. Palaeotectonic position of the study area (simplified
from SCOTESE, 2004).



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.

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).

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

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 (GÓMEZ & FER-
NÁNDEZ-LÓPEZ 1994, KITAMURA 1998, AMOROSI 2003).
On the other hand, intraformational disconformities seem
to be reliable indicators of a decreased sedimentation
rate (cf. GÓMEZ & FERNÁNDEZ-LÓPEZ 1994). The possi-
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Fig. 3. Schematic chrono-, litho- and biostratigraphy of the two sections under study.



ble occurrence of a condensed succession was, therefore,
investigated by analysis of the local sedimentation rate
(sensu GÓMEZ & FERNÁNDEZ-LÓPEZ 1994). This sedi-
mentation rate (SR) is defined here as SR = Tlu/tlu, with
Tlu being the thickness of the entire lithological unit and
tlu 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 (GÓMEZ & FER-
NÁNDEZ-LÓPEZ 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 P2O5 varies from 2.7 to 16.4 %. The total
amount of P2O5 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 (cf. 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
(ZORINA & RUBAN 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 & RUBAN 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 HAQ & AL-QAHTANI (2005) (Fig. 4).

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

GÓMEZ & FERNÁNDEZ-LÓPEZ (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 GÓMEZ & FERNÁNDEZ-LÓPEZ (1994),
a strong stratigraphic condensation does not always
imply a similarly strong (or even any) sedimentary con-
densation. The third type is taphonomic condensation,

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



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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accumulation rate. t = time intervals between accumulation
of sedimentary particles (grey circles); black rectangles mark
interruptions in sedimentation, which now form hiatuses.
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Rezime

Kondenzovana sukcesija na prelazu
jura/kreda u plitkovodnom basenu na
isto~noj Ruskoj Platformi

Isto~ni obod Ruske Platforme je izuzetan pri-

mer za prelazne jursko-kredne sedimente, a teko|e

i za diskusiju o fenomenu kondenzacije. Sekventna

stratigrafija uspostavqa vezu izme|u kondenzo-

vanih izdanaka i maksimuma transgresije, koje

predstavqaju granice izme|u transgresivnih pros-

tornih sistema i visokog nivoa nadirawa mora.

Me|utim, neka prou~avawa isti~u mogu}nost po-

jave kondenzovanih sukcesija u zavisnosti od raz-

li~itosti sedimentacionih sredina. Prou~avana

oblast pripada severnoisto~nom delu Uqanovsko-

-saratovskog basena koji predstavqa trog use~en u

ju`ni obod Volgsko-uralskog luka. Prelazni jur-

sko-kredni slojevi su predstavqeni u severnois-

to~nom delu Uqanovsko-saratovskog bazena sa ze-

lenim i zelenkastosivim pe{~arima sa ukupnom

debqinom do 2,5 m. Amonitski taksoni ukazuju na

stratigrafski interval od Virgatites virgatus do Cra-
spedites subditus zona (gorwi titon–dowi berijas).

Prisustvo glaukonitskih zrna, fosforita i

ajkulinih zuba je litolo{ki dokaz kondenzacije,

mada alohtono poreklo glaukonitskih zrna nije

uvek pouzdan pokazateq. Sedimenti profila sa

prelaznim slojevima odgovaraju ~etiri amonitske

zone (ukqu~uju}i odsustvo Epivirgatites nikitini zone)

koje ukazuju na sna`nu kondenzaciju. Korelacija

lokalnih biostratigrafskih jedinica sa svetskom

hronostratigrafijom ukazuje da su slojevi 21-25

Tatarsko-{atra{anske bu{otine stvarani za vre-

me od ~3,5 Ma, {to ukazuje na prinos od ~0,05 cm/ka.

Sedimentacioni prinos za vreme deponovawa po-

dinske Dorsoplanites panderi zone je bio 0.8 cm/ka.

Ova prosta ra~unica, i ako je samo pribli`na, jako

podr`ava kondenzaciju jursko-krednih prelaznih

slojeve u prou~avanoj oblasti. Isti stepen konden-

zacije je poznat iz Sjundjukovskog kamenoloma.

Prisustvo fosforita u jakositnozrnim pe{~ari-

ma ukazuje da je dubina bila mawa od 20 m, koja je

naj~e{}e bila iznad baze olujnih talasa. Na ovo

ukazuje i prisustvo valutaka fosforita. I ako

autohtoni glaukoniti ukazuju na dubinu od 50-500 m,

u regresivnim okolnostima alohtona zrna te`e da

se akumuliraju bli`e obalskoj liniji. U ovom slu-

~aju zrna su preme{tena talasim i podvodnim stru-

jama. Gore pomenute promene u dubini basena su se

odrazile na zna~ajno produbqavawe. Kondenzovani

profil Uqanovsko-saratovskog basena odra`ava

op{ti eustati~ki pad nivoa mora. Ovaj fenomen je

u suprotnosti sa dosada{wim znawima o sekvent-

noj stratigrafiji. Podaci iz Tatarsko-{atra{an-

ske bu{otine i Sjundjukovskog kamenoloma ukazuje
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na jaku stratigrafsku kondenzaciju jursko-krednih

prelaznih slojeva. Prisustvo mnogobrojnih intra-

formacionih diskordancija, naro~ito u intervalu

K. fulgens i C. subditus zona, ukazuje da je kondenza-

cioni karakter prouzrokovan uglavnom vi{estru-

kim prekidima lokalnih depozicionih procesa.

Prinos kondezovanih sedimenata ostaje diskutabi-

lan. Prisustvo resedimentovanih taksona ukazuje

na tafonomsku kondenzaciju sukcesije. I ako

prelazni jursko-kredni slojevi isto~ne Ruske

Platforme najverovatnije pokazuju veoma jaku

kondenzaciju, {to ne umawuje zna~aj gore pomenute

interpretacije stratigrafske i sedimentolo{ke

kondenzacije, jer oba tipa kondenzacije su zasno-

vani na pouzdanim odre|enim starostima prou~a-

vanih slojeva.
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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 DIMITRIJEVI] 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.,
DIMITRIJEVI] 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 (DIMITRIJEVI] M.N. &
DIMITRIJEVI] M.D. 1976, 1987; DIMITRIJEVI] 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

The Lower Cretaceous Paraflysch of the Vardar Zone:
composition and fabric
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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.

Apstrakt. Dowokredni parafli{ gradi u Vardarskoj zoni veoma izrazit pojas dug 250 km. Sastoji se

od bazalne jedinice diskordantne preko gorwojurskih kre~waka i melan`a, kao i dve megasekvence sa

dowim klasti~nim i gorwim klasti~no-karbonatnim ~lanom. Statisti~ki su analizirani padovi svih

slojeva, prevrnutih slojeva, kliva`a i {kriqavosti, osa nabora, aksijalnih povr{i nabora i preseci

kliva`a i slojeva. Pravilnosti ovih struktura i wihovih odnosa su, kako je pokazalo ovo istra`ivawe,

samo statisti~ki upotrebqive pri prakti~nim ispitivawima sklopa.

Kqu~ne re~i: Vardarska zona, parafli{, dowa kreda, sedimentologija, sklop.
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Fig. 1. Sketch of the basin of the Lower Cretaceous Paraflysch of the Vardar Zone with the separate blocks.



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. RAKI], B.
MARKOVI], M. VUKANOVI], M. MALE[EVI] and others.
The composition of these units was investigated by
MARA DIMITRIJEVI], B. RADO[EVI], RU@ICA MARKOVI],
LJUBICA RUDOLF, RAJNA GABRE, LJUBINKA MASLAREVI]

and M.D. DIMITRIJEVI]. The meagre biostratigraphic do-
cumentation was studied by OLIVERA MARKOVI], RAJKA

RADOI^I], ALEKSANDRA DANILOVA and SULTANA OBRA-
DOVI]. The sedimentological field data are by MARA N.
and MILORAD D. DIMITRIJEVI].

The data of the field mapping, and the sedimentolog-
ical and biostratigraphic investigations were presented by
DOLI] et al. (1981), FILIPOVI] et al. (1978), FILIPOVI] &
RODIN (1980), MALE[EVI] et al. (1980), MARKOVI] et al.
(1968, 1985), PAVI] et al. (1983), PAVLOVI] (1980),
URO[EVI] et al. (1973a, 1973b), and VUKANOVI] 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 Palaeozoic (pers. comm. M.
VESELINOVI]). 

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. VESELINOVI] as the Mesozoic base of the pa-

raflysch (unpublished data from 1956 in DIMITRIJEVI]

M.N. & DIMITRIJEVI] 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 CaCO3 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 c 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-
JEVI] M.N. & DIMITRIJEVI] 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-
JEVI] M.N. & DIMITRIJEVI] M.D. 1976).

C. Arenitic – silty unit

This is the thickest unit (over 600 m in the Gledi}i
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 c 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 CaCO3
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
Gledi}i 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 Gledi}i 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 (DIMITRIJEVI] M.N. & DIMITRIJEVI] M.D. 1976).

D. Calcareous – arenitic unit

This unit, mostly 100 to 150 m thick, is character-
ized by a high CaCO3 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-
TRIJEVI] M.N. & DIMITRIJEVI] M.D. 1976).

E. Marginal units

The southern end of the paraflysch area is character-
ized by a prominent change of facies.
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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
Vele{ 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 Gledi}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
(MARKOVI] 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
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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. 2. Structural diagrams. D.01 All bedding surfaces. D.02 Overturned beds. D.03 Fold hinges. D.04 Bedding Domain
Mer}ez–Kur{umlija. D.05 Bedding Murgula. D.06 Axial surfaces. D.07 Cleavage. D.08 cleavage – bedding intersection lineation.



example of a hinge orientation is shown by the diagram
D.04 (Fig. 2, Mer}ez–Kur{umlija 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 rhombic 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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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.05, 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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Rezime

Dowokredni parafli{ Vardarske zone:
sastav i sklop

Vardarsku zonu, veoma va`an i veoma kontro-

verzan ~lan geologije Balkanskog poluostrva ispi-

tivali su i opisivali brojni istra`iva~i, daju}i

joj razli~it zna~aj, razli~itu pripadnost, razli~i-

te podele i razli~itu geotektonsku va`nost. Ideja

o Vardarskoj zoni kao “unutra{wim Dinaridima”
napu{tena je, sre}om, ve} dugo vremena u krugu

ozbiqnih istra`iva~a, {to je otvorilo mogu}nosti

za ozbiqno ispitivawe wenog zna~aja i istorije.

Jedan veoma upadqiv pojas u woj karakteri{e

debela dowokredna sukcesija koja pokazuje samo

izvesne fli{ne karakteristike pa su je MARA N.

DIMITRIJEVI] i MILORAD D. DIMITRIJEVI] opi-

sali kao parafli{ (1974 i drugi radovi).

Ovi slojevi sada grade uzan pojas pru`awa

SSZ–JJI, samo izuzetno {iri od 14 km, ali dug ve-

rovatno svojih 250 km. O wegovom severnom delu

(Avala i Kosmaj) jo{ uvek se diskutuje u pogledu

pripadnosti ovoj ili susednoj oblasti, pa on ovde

nije detaqnije razmatran. Parafli{ je sa obe stra-

ne zatvoren uzanim pojasima bazita i ultramafita

sa ne{to gorwojurskih kre~waka, a kredne tvorevi-

ne susednih regiona su potpuno razli~ite. Ju`ni

deo parafli{a je erodovan, sa podru~jem Krive

Reke (JZ od Novog Brda) kao jedinim zaostatkom.

Originalna podina basena otkrivena je samo na

krajwem jugu, u oblasti Novog Brda, kao {to poka-

zuje podru~je Krive reke. Ovo podru~je je gra|eno

od prenabranih, jako tektonizovanih i razlomqe-

nih slojeva koji ne pokazuju karakteristike mar-

ginalnih jedinica. Polo`aj mu nije jasan i vero-

vatno je posledica slo`enih tektonskih procesa.

Parafli{

Iznad bazalne jedinice parafli{ grade dve

megasekvence, od kojih svaka ima klasti~ni dowi i

karbonatno-klasti~ni gorwi deo. Vertikalni od-

nosi ovih jedinica nisu bili vidqivi na brojnim

lokalitetima, tako da su i delimi~ni bo~ni pre-

lazi tako|e mogu}i. Na bazi svih raspolo`ivih

sedimentolo{kih i biostratigrafskih podataka,

parafli{ je iznad bazalne jedinice izdeqen na

{est jedinica. To su: (A) mikrokonglomeratsko-

arenitska jedinica (bez biostratigrafskih poda-

taka o starosti), (V) alevrolitsko-kre~wa~ka

jedinica (valendin–otriv), (S) arenitsko-alevro-

litska jedinica (barem–apt), (D) kre~wa~ko-are-

nitska jedinica (alb–cenoman) i (E) marginalne

jedinice (E1 i E2; verovatno lateralni ekvivalen-

ti najvi{ih jedinica).

Bazalna jedinica

Ova jedinica, koja nije svugde dobro otkrivena i

u velikom delu je tektonizovana, ipak pokazuje

jasan diskordantan karakter. Ona se posebno jasno

mo`e pratiti du` puta Podujevo-Lebane na Pre-

polcu, iznad ofiolitskog melan`a i kristalastih

{kriqaca. Jedinica je uglavnom sastavqena od

grubozrnih stena, sa blokovima ~ak i do 80 m u

pre~niku. Ruditi se sastoje najve}im delom od ste-

na iz melan`a, kristalastih {kriqaca i berijask-

ih kre~waka. Na Prepolcu se oni sastoje skoro u

potpunosti od berijaskih kre~waka, tako su sma-

trani mezozojskom podinom parafli{a. Na Razboj-

ni su, opet, senonski kre~waci sa globotrunkanama

bili pripisivani parafl{u. Sve ove tvorevine su

karakteristi~no neorganizovane, vrlo slabo sor-

tirane, ~esto monomiktnog ili oligomiktnog sas-

tava, sa uglastim blokovima, {to sve ukazuje na

vrlo brzo i katastrofi~no towewe i depoziciju,

bez progresivne abrazije tipi~ne za transgresiju.
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Veoma su zanimqivi polo`aj i tipovi kre~waka

koji su na|eni u bazalnoj jedinici. Iz raznih loka-

liteta su opisana dva tipa kre~waka – plitkomors-

ki, dobrim delom sprudni, i basenski sa aptihusi-

ma. Odnosi ovih tipova nisu opisani u tuma~ima

OGK SFRJ (1:100.000), delom zbog vrlo slo`enog

sastava oblasti, a delom zbog koncepcijskih razli-

ka me|u autorima. Ipak izgleda da je otvarawe

troga zapo~eto u najgorwoj juri u plitkom moru sa

sprudovma koje je bilo vezano sa {irokim otvore-

nim i plitkim basenom.

Mikrokonglomeratsko-arenitska jedinica

Ova jedinica, debela 80 do 100 m, izdawuje du`

jugoisto~nog oboda basena i u jezgrima antikli-

nala. Sastoji se od konglomerata, neorganizovanih

{qunkovitih pe{~ara (grubozrnih feldspatskih

subgrauvaka i grauvaka), masivnih pe{~ara, facija

klizi{ta, normalnih turbidita, alevrolita i

podre|enih drugih facija. Ruditi nose fragmente

titon-berijaskih kre~waka, kristalastih {kriqa-

ca i drugih stena. ^esti su olistostromi, flukso-

turbiditi i tanki slojevi konglomerata. Proce-

nat CaCO3 je nizak. Me|u te{kim mineralima is-

ti~e se granat (preko 50%), pra}en turmalinom,

rutilom, cirkonom i drugima. Turbiditi su podre-

|eni. Oni su proksimalni, pokazuju}i interval

gradacije i dowi interval horizontalne lamina-

cije. Interval c nosi krupnu konvoluciju, a drugi

intervali su ve}inom odsutni. Tragovi na dowim

povr{ima slojeva su retki – otisci tragova te~e-

wa i otisci tragova predmeta. Retki organski

tragovi pokazuju samo najjednostavnije oblike.

Oskudna osmatrawa ukazuju na longitudinalni

paleotransport prema jug-jugoistoku.

Alevrolitsko-kre~wa~ka jedinica

Ova jedinica se verovatno javqa u podru~ju

Avala–Kosmaj preko melan`a, sa debqinom od

100–200 m. Ona se tu sastoji od alevrolita i lapo-

rovitih kre~waka, sa ne{to kalkarenita i mikri-

ta. Jedinica je najboqe razvijena u podru~ju Brus–
–Podujevo gde le`i preko jedinice A, sa debqinom

od 90 do 150 m. Sastoji se od alevrolitskih lamini-

ta, sitnozrnih grauvaka, glinaca i plo~astih pe-

la{kih mikrita, distalnih turbidita, ne{to de-

ponata klizi{ta i retkih normalnih turbidita.

Slojevi su ve}inom tamni, tanki, a sastoje se od

sitnozrnih stena koje odgovaraju spoqwoj lepezi i

basenu, mo`da i aktivnom delu spoqwe lepeze sa

dovoqno strmim padinama (klizi{ta). Najve}i deo

jedinice grade alevrolitsko-pelitske stene sa

mnogo fenomena kli`ewa. Gradaciona slojevitost

je retka, i preova|uju razli~iti tipovi laminaci-

je te~ewa. Organske strukture su brojne i speci-

fi~ne. U te{koj frakciji preovla|uju ilmenit i

magnetit, sa retkim granatom. Mikrofauna je os-

kudna i lo{e o~uvana (sitne globotrunkane, radio-

larije, briozoi, fragmenti miliolida) ukazuju}i

na valendin-otrivsku starost.

Arenitsko-alevrolitska jedinica

To je najdebqa jedinica (preko 600 m u Gledi}-

kim planinama), koja izdawuje na najve}em pros-

toru. Wen dowi deo je sitnozrniji, dok je gorwi

krupnozrniji. Dowi deo jedinice nosi retke i tan-

ke fluksoturbidite i olistostrome, osim u zapad-

nom delu podru~ja Rudnika. Turbiditi se sastoje od

tankog intervala gradacije, intervala b, inter-

vala c sa vrlo karakteristi~nom sitnom kosom i

talasastom laminacijom, mestimice i konvoluci-

jom. Sekvence su ve}inom podse~ene i odse~ene, a

turbiditi su ~esto podre|eni. Vrlo ~esti i karak-

teristi~ni su neturbiditski laminiti, depono-

vani zrno-po-zrno, sa laminaciijom te~ewa i sit-

nim tragovima talasa koji ukazuju na dowi re`im

toka sa niskom energijom sredine. Podmorska

klizi{ta su ~esta u ovom delu jedinice. Tragovi na

dowim povr{ima slojeva su retki (otisci tragova

otirawa i zadirawa, retki sitni tragovi vu~ewa).

Retki podaci mereni u podru~ju Gledi}a pokazuju

paleotransport prema jugozapadu, re|e istoku, a u

podru~ju Brus–Podujevo prema jug-jugozapadu, jugu i

jug-jugoistoku. Deponati ovog dela jedinice odgo-

varaju spoqwoj lepezi, delom i sredwoj lepezi sa

depozicionim lobovima. Oni se ve}inom sastoje od

distalnih turbidita, turbidita, re|e od organizo-

vanih {qunkovitih pe{~ara, masivnih pe{~ara,

tankih slojeva sitnozrnih pe{~ara i vrlo retkih

deponata klizi{ta. Procenat CaCO3 je upadqivo

nizak. Stene su prete`no sitnozrne liskunovite

grauvake i alevroliti. Ovaj deo jedinice debeo je

oko 80 m u podru~ju Rudnika, a oko 200 m u wegovom

zapadnom delu. U Gledi}ima debqina mu je oko

300 m (prema nekim procenama ~ak i preko 600 m),

dok u podru~ju Brus–Podujevo varira izme|u 150 i

500 m. Fauna je vrlo oskudna (Rudnik), u velikom

delu transportovana iz pli}ih marinskih regiona

i pokazala je barem-aptsku starost. Gorwi deo

jedinice je upadqivo krupnozrniji, sastoje}i se od

debeloslojevitih arenita i mikrokonglomerata

depozicionih lobova sredwe lepeze, mestimice i

sa kanalskim asocijacijama. Karakteristi~ni su

organizovani {qunkoviti pe{~ari. masivni pe{-

~ari i normalni turbiditi, sa ne{to distalnih

turbidita, organizovanih konglomerata, neorgani-

zovanih {qunkovitih pe{~ara, tvorevina klizi-

{ta i olistostroma. Paleotransport je u severnom

delu troga prema jug-jugozapadu, a u Gledi}ima

prema jugoistoku. Debqina iznosi 350 m u zapad-
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nom delu podru~ja Rudnika; u isto~nom delu ovog

dela jedinice nema, a u Gledi}ima debqina raste

na nekih 100 m. Prema podru~ju Brus–Podujevo

debqina ovog dela jedinice ponovo raste na 300 m.

Kre~wa~ko-arenitska jedinica

Ova jedinica, ve}inom debela 100 do 150 m, karak-

teri{e se visokom sadr`ajem CaCO3 u ve}ini stena,

i relativnim bogatstvom arenita. Ona odgovara

spoqwoj lepezi sa izvesnim uticajima basena i

aktivnog dela spoqwe lepeze. Sastoji se najve}im

delom od distalnih turbidita i tankoslojevitih

sitnozrnih pe{~ara, sa ne{to tipskih turbidita,

deponata klizi{ta i pela{kih do hemipela{kih

tvorevina, uz malo masivnih pe{~ara. Turbiditi su

ve}inom bez intervala gradacije, sa ostalim dobro

razvijenim intervalima. Mestimi~no se zapa`aju i

senilni turbiditi, ali ortolaminiti preovla|uju.

Najva`niji su alevroliti, subgrauvake i vapnovite

grauvake, zajedno sa laporcima, laporovitim mikri-

tima i gradiranim peskovitim intrasparitima. U

dowem delu jedinice preovla|uju laminirani la-

porci, a za gorwi deo jedinice karakteristi~ni su

kre~wa~ki laminiti i intraspariti u dobro odvo-

jenim slojevima. U te{koj frakciji dominira epi-

dot, sa ne{to turmalina i ilmenit-magnetita. Tra-

govi na dowim povr{ima su izvanredno retki, a

predstavqeni su uglavnom otisci tragova predmeta.

Paleotransport je prema jug-jugozapadu do jug-jugo-

istoku. U biomkritima su na|ene sitne pela{ke

globigerine zajedno sa transportovanim formama,

{to sve ukazuje na alb–cenoman.

Marginalne jedinice

Ju`ni zavr{etak parafli{ne oblasti karakte-

ri{e izrazita promena facija, tako da se jedinice

iz glavnine troga vi{e ne mogu razaznati. Deponati

troga grade ovde pojas {irok nekoliko kilometara,

sa dve jedinice koje se me|usobno razlikuju: olis-

tostromskom (E1) i karbonatno-klasti~nom (E2).

Struktura podru~ja ne dozvoqava sigurnu odredbu

odnosa ovih jedinica, ali je olistostromska vero-

vatno ni`a. Bo~ni odnosi ovih jedinica sa glavni-

nom troga nisu vidqivi, ali se one smatraju ekvi-

valentima vi{ih jedinica troga, sa mogu}im prela-

zom u cenoman. Jedinica pokazuje jasan proksimalni

karakter, deponovana na nestabilnoj padini. Oli-

stostromska jedinica se sastoji uglavnom od oli-

stostroma, organizovanih konglomerata, masivnih

pe{~ara i turbidita, normalnih i distalnih.

Olistostromi su debeli i preko 10 m. Oni se sasto-

je od alevritske osnovne mase sa klastima i delovi-

ma slojeva arenita iz same jedinice, sa ne{to frag-

menata kristalastih {kriqaca iz susedne Vele{ke

serije. Areniti grade debele slojeve sa brojnim

deponatima klizi{ta. Konglomerati su re|i, sa

valucima ve}inom od kvarca i lidita, zajedno sa ste-

nama iz same jedinice u deponatima klizi{ta. Kar-

bonatno-klasti~na jedinica, debela verovatno oko

150 m, uglavnom je grubozrna. Ona se sastoji od debe-

lih slojeva kalcirudita sa mikrokonglomeratima,

grubozrnim arenitima i laminiranim laporovitim

alevrolitima. Turbiditi se javqaju samo izuzetno.

Horizonti kre~waka su debeli po nekoliko metara,

pokazuju}i vrlo ~esto karakteristi~nu sekvencu:

ruditski bazalni deo, sa fragmentima kre~waka do

10 cm u pre~niku; oni se gradiraju u klastite od val-

utaka pre~nika 2–3 cm; sekvence se zavr{avaju grubo

laminiranim peskovitim kalkarenitima i najzad

listastim mikritima. Neke sli~ne sekvence, sa

istom organizacijom debele su i vi{e dekametara.

U ovim jedinicama nisu na|eni fosili.

Depoziciona istorija basena

Rekonstrukcija kretawa u basenu bila je uve-

liko ote`ana brojnim faktorima. Deponati base-

na su, pre svega jako tektonizovani, tako da je orig-

inalna {irina basena uveliko redukovana nabi-

rawem i tektonskim raskidawem i razdvajawem

delova. To je uticalo i na nejasnost debqina i od-

nosa jedinica. Interpretacija depozicionih sred-

ina je na nekim mestima nesigurna za pojedine

jedinice, po{to su osmatrawa potrebna za dobi-

jawe zakqu~aka bila nedovoqna. Osmatrawa su vr-

{ena u razna vremena, od strane raznih istra`iva-

~a i na bazi razli~itih shvatawa. Vremenske koor-

dinate jedinica odre|ene su vrlo na{iroko i na

bazi oskudne dokumentacije, pre svega zbog retke i

slabo o~uvane faune, kao i zbog jasnog me{awa

faune razli~tog porekla u izvorima podataka (iz

valutaka i fragemanata iz istodobnih tvrevina;

redeponovane iz starijih slojeva) {to je ote`ava-

lo iskori{}avawe i interpretaciju podataka.

Podaci o paleotransportu nisu sistematski pri-

kupqani tokom kartirawa tako da ono malo wih

poti~e iz izolovanih itinerera sedimentologa.

Ovi podaci pokazuju {iroko rasipawe, za koje raz-

log nije jasan (rasipawe paleotransporta, previ-

{e mali uzorak). To je u~inilo prakti~no nemo-

gu}im rekonstrukciju geometrije basena. Najzad,

interpretacije su bile neophodno optere}ene kon-

cepcijama istra`iva~a gdegod je nedostajala odgo-

varaju}a materijalna argumentacija. Zbog toga su

mogu}a samo preliminarna razmatrawa, bazirana

na postoje}im podacima. Vrlo oskudna osmatrawa

paleotransporta pokazuju preovla|ivawe longitu-

dinalnog jug-jugoisto~nog smera, uz {iroko raza-

sute bo~ne pravce koji pokazuju da je basen bio

hrawen i sa zapadnog i sa isto~nog oboda. To

iskqu~uje ideju o depozicionom basenu kao margin-
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alnom zastoru, i defini{e ga kao trog koji je sa

obe strane imao izvori{na podru~ja materijala.

Na to tako|e ukazuje i prisustvo plitkomorskih

tvorevina najgorwe jure du` delova oba oboda

parafli{nog basena, {to iskqu~uje okeansku

hipotezu depozicije. Klasti~na baza se javqa samo

u podru~ju Avala–Kosmaj kao tanak zastor ispod

jedinice B, i du` isto~nog oboda podru~ja Brus-

Podujevo, gde gradi debelu podinu jedinice A. To

upu}uje na ideju da je basen superponovan preko ofi-

olitskog melan`a u horizontalno razu|enom pros-

toru, gde je towewe po~elo na jugoistoku, sa katas-

trofi~nim potawawem i veoma brzom denudacijom.

Stvoren je sistem sa deponatima sredwe lepeze samo

u isto~nom delu podru~ja Brus–Podujevo (jedinica

A), sa mogu}im delimi~nim prostirawem sve do

zapadnog oboda. Deponati spoqwe lepeze slede (je-

dinica B) {to se zapa`a prakti~no du` celog is-

to~nog oboda. Ako se uzme u obzir odsutnost

jedinice B u jednom delu zapadnog oboda (Vrwci)

mo`e se pretpostaviti da sekvenca ukazuje na

migraciju basena prema istoku. Dowi deo jedinice S

(S1), koji napreduje prema zapadu, verovatno ozna-

~ava jednu progradacionu fazu predstavqaju}i de-

poziciju u sredwoj do spoqwoj lepezi sa depozicio-

nim lobovima. Jedinice S2 nema severno od Gledi-

}a. Ona je deponovana u sredwoj lepezi sa kanalima.

Pojavqivawe ove jedinice samo u Gledi}ima i u

podru~ju Brus-Podujevo moglo bi ukazivati na daqu

progradaciju sa izgradwom jedne u`e lepeze na jugo-

isto~nom delu oblasti. To potvr|uje i paleotrans-

port prema jugozapadu i jug-jugozapadu osmatran na

listu Kraqevo u ovoj jedinici.

Sklop basena

Rekonstrukcija interne strukture basena bila je

uveliko ote`ana brojnim faktorima. Nabirawe je

veoma slo`eno, sa ~estom transpozicijom ss-povr{i

i {irokim tektonskim zonama koje prekidaju konti-

nuitet jedinica. Stepen deformisanosti je krajwe

neujedna~en – postoje delovi stuba gde su slojevi

mirni i uniformni, jedva deformisani, zajedno sa

dekametarskim do hektometarskim podru~jima koja

su krajwe deformisana i razlomqena du` kliva`a

ili {kriqavosti. Glavne s-povr{i u velikom delu

stuba predstavqa kliva`, koji deformi{e slojevi-

tost i do potpune transpozicije. Analiza slojevi-

tosti ura|ena je na razli~itim nivoima, od najre-

gionalnijeg do detaqnih. Dijagrami sklopa pokazuju

orijentaciju slojnih povr{i za ceo basen kako je

zabele`ena na {tampanim kartama i merena na

terenu (ukupno 1383 pola; D-01), u svakom od 8 bloko-

va na koje je basen bio podeqen (D1 do D8) i na

terenskim osmatrawima. Svi dijagrami su ra|eni

ra~unarskim programom Sferistat, te se donekle

razlikuju od onih koji se rade ru~no.

Sve ss povr{i (D.01)

Polovi slojevitosti su {iroko rasuti oko

glavnog maksimuma koji odgovara padu 75/47, sa sub-

maksimumom 251/46. Statisti~ka b-osa tone 163/3, a

statisti~ka aksijalna ravan je grubo vertikalna

163–343. Ovi podaci se poklapaju sa pru`awem

parafli{nog troga (163–343). Na dijagramu polova

D.01 vidi se da su podaci jako rasuti i da je sklop

slabo ure|en. Sklop je grubo monoklini~an, odgo-

varaju}i virtualnom asimetri~nom naboru sa boqe

razvijenim severozapadnim i slabije razvijenim

jugozapadnim krilom, sa subhorizontalnom osom i

vertikalnom aksijalnom ravni. 

Prevrnuti slojevi (D.02)

U dijagramu D.02 sa 30 polova prevrnutih slojeva

pojavquju se dva maksimuma koji odgovaraju padovi-

ma 89/66 i 249/74, a pra}eni su submaksimumima

63/65, 7/78 i 1/54 sa prevrnutim slojevima skoro pod-

jednako raspore|enim u oba maksimuma. To pokazuje

da nabori u oblasti nemaju uniformnu vergencu,

nego grade neku vrstu lepeze sa vergencama i prema

zapad-jugozapadu i prema istok-severoistoku.

Ose nabora (D.03)

Ose b bile su merene na svim cm-m naborima gde je

to bilo mogu}e (ukupno 111 merewa). Polovi grade

maksimum koji odgovara towewu od 356/18, sa {iro-

kim i diskontinuiranim pojasom upravnom na osu a.

Dobar primer orijentacije b osa pokazuje dijagram

D.04 (domen Mer}ez–Kur{umlija) gde su polovi

rasejani du` kruga upravnog na novu b osu i dijagram

D.05 (Murgula), gde ose grade maksimum na 28/60.

Aksijalne povr{i (D.05)

Na terenu su merene 44 aksijalne povr{i nabo-

ra, ve}inom metarskih veli~ina. Broj merewa je

dosta mali, po{to su na terenu takvi nabori osma-

trani samo izuzetno. Polovi su rasuti, sa dva mak-

simuma koji odgovaraju padovima 98/82 i 49/72.

Iako su strmi, ovi maksimumi se ne poklapaju sa

virtuelnom aksijalnom ravni svih poznatih ss

povr{i – osmatrani metarski nabori pokazuju za-

padnu i jugozapadnu vergencu.

Kliva` (D.06)

Mehani~ke s povr{i koje ne predstavqaju slojne

povr{i ozna~avane su kao kliva`. Izmereno je 166

ravni u celoj oblasti parafli{a. Dijagram po-
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kazuje maksimume 70/44 i 0/0, {to bi odgovaralo

naborima glavne faze.

Presek kliva`a i slojeva (D.07)

Kad je kliva` paralelan sa aksijalnim povr{i-

ma a nabirawe je regularno sa rombi~nom ili

monoklini~nom simetrijom, prese~ne prave sloje-

va i aksijalnog kliva`a treba da budu paralelne sa

regionalnom osom nabora. Dijagram D.08 prikazuje

125 preseka konstruisanih na svim osmatranim na-

borima. Polovi su rasuti u rasplinutom pojasu

normalnom na osu a, sa nekoliko maksimuma od

kojih je regionalnoj osi b najbli`i onaj sa towe-

wem 148/20. Ovo pokazuje da je simetrija sklopa

bliska triklini~noj simetriji.

Nabirawe – bli`e ispitivawe

Da bi se izbeglo “peglawe” svojstava nabornog

sklopa suvi{nom generalizacijom oblast je pode-

qena na 8 blokova (D1–D8). Najmawi je blok 1

(severozapadni obod) koji jedini sadr`i bazu, dok

su ostali blokovi mawe-vi{e podjednake veli-

~ine. Tabela 1. pokazuje da samo blok 4 izrazito

odstupa jer su u wemu ve}inom padovi ka jugozapadu,

dok u ostalim blokovima prete`u padovi ka jugois-

toku.

Diskusija

Dijagrami pojedina~nih blokova pokazuju da je

deo oblasti pretrpeo blagu rotaciju oko ose a, koja

nije bila pra}ena penetrativnom deformacijom

stena (D8). Blok 4 pokazuje rotaciju oko ose a, tako

da je verovatno predstavqao osu regionalne ro-

tacije. Ovo ispitivawe pokazuje tako|e da se pra-

vilnosti poznate iz modela elipsoida deformaci-

ja mogu prakti~no koristiti samo u {irokom sta-

tisti~kom smislu, i da pojedina~na merewa treba

posmatrati sa odgovaraju}om sumwom.
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Stratigraphy of the Kr{ Gradac section (SW Serbia)

RAJKA RADOI^I]
1, DIVNA JOVANOVI]

2 & MILAN SUDAR
3

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, etc. 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.

Apstrakt. Na lokalitetu Kr{ Gradac otkrivena je sukcesija koja obuhvata prelaz od facija karbo-

natne platforme do dubokovodnih basenskih sedimenata: nori~ko–dowolijaskih plitkovodnih karbona-

ta, sedimenata sredweg lijasa–doweg dogera Ammonitico Rosso facije i dubokovodnih radiolarita (sa

umetnutim karbonatnim gradiranim slojem i mass flow slojem) koji su deponovani od gorweg bata do u

najstariju dowu kredu.

Kondenzovana sekvenca doweg dogera sa protoglobigerinidama do sada nije bila evidentirana.

Analizom komponenti gradiranog sloja dokumentovano je prisustvo plitkovodnih sedimenata karbo-

natne platforme od gorweg trijasa do doweg titona, kao i sedimenata intrabasenskog porekla (radio-

lariti, metaandeziti). Ovakav sastav gradiranog sloja ukazuje na tektonski doga|aj koji je prouzrokovao

razarawe karbonatne platforme, kao i dela basenskog areala, a koji nije stariji od gorweg titona. U

najmla|em delu radiolarita Kr{a Gradca (?sredwi–gorwi titon – najni`a kreda) evidentiran je mass
flow sloj koji sadr`i intrabasenske klaste – razli~ite radiolarite, silicijske radiolarijske glince

(npr. iz nekonsolidovanih poti~u isprane radiolarije i spikule spongija, rasute u osnovnom gvo`|evi-

tom sedimentu). Ovaj sloj se pripisuje berijasu.

U sukcesiji radiolarita Kr{a Gradca autori prepoznaju dve dubokovodne formacije: stariju, od

gorweg bata do doweg titona, izme|u hardgrounda preko kondenzovane dowodogerske sekvence i gradira-

nog sloja, i mla|u, koja po~iwe gradiranim slojem, a na osnovu stratigrafskog polo`aja odgovara vre-

menskom intervalu ?sredwi–gorwi titon – najni`a dowa kreda.

Kqu~ne re~i: stratigrafija, jura–dowa kreda, karbonati, siliciklastiti, kondezovana kre~wa~ka

sekvenca, gradirani karbonatni sloj, mass flow sloj, Kr{ Gradac, JZ Srbija.

GEOLO[KI ANALI BALKANSKOGA POLUOSTRVA

ANNALES GÉOLOGIQUES DE LA PÉNINSULE BALKANIQUE
70 23–41 BEOGRAD, decembar 2009

BELGRADE, December 2009

1 Kralja Petra I 38, 11000 Belgrade, Serbia. E-mail: rradoicic@sezampro.rs
2 Geological Institue of Serbia, Rovinjska 12, 11000 Belgrade, Serbia. E-mail: djdivna@gmail. com
3 Department of Palaeontology, Faculty of Mining and Geology, University of Belgrade, Kameni~ka 6, P.O. Box 162, 11000

Belgrade, Serbia. E-mail: sudar@eunet.rs

DOI: 10.2298/GABP0970023R 



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 PETKOVI]

(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;
]IRI] 1954, 1984, 1996; RADOI^I]-BRSTINA 1956; RA-
DOI^I] 1962; JOVANOVI] @. 1963; RAMPNOUX 1974; JO-
VANOVI] O. et al. 1979; GRUBI] 1980; LJUBOVI]-
OBRADOVI] 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 (LJUBOVI]-OBRADOVI] et al. 1998;
RADOVANOVI] 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 (DJERI]

2002; VISHNEVSKAYA et al. 2009; GAWLICK et al. 2009;
unpublished data of [. GORI^AN, L. DOSZTÁLY). 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. RADOI^I],
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, RADOVANOVI] 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).

Kr{ Gradac section

The Kr{ Gradac section (Fig. 1; coordinates: x
4793454, y 7416424), is located on the western side of
the road Sjenica–Nova Varo{, 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.

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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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 (]IRI] 1954;
RAMPNOUX 1974), and a rich foraminiferal fauna – In-
volutina liassica, Agerina martana, Ophthalmidium cf.
macfadyeni, Trocholina sp., then Lingulina, Dentalina,
Nodosaria and other lagenids (RADOI^I] 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 (Pl. 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, Pl. 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, etc., and grains of magmat-
ic rocks, such as meta-andesite. Quartz grains are rare.

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; Pl. 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,
Pl. 5. Figs. 1–3), made predominantly of grains of dif-
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Fig. 3. Siliciclastics of the western part of the Kr{ Gradac
section. The arrows show the position of the graded bed
(unit D).



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.

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-

stones, carbonized radiolarites and radiolaritic cherts
(Pl. 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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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).

Fig. 5. Mass flow layer of unit E.



–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 (]IRI] 1954), middle–upper Jurassic (JO-
VANOVI] 1963; ]IRI] 1984, 1996) and Tithonian (JOVA-
NOVI] O. et al. 1979; GRUBI] 1980), etc.

According TO RAMPNOUX (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, ]I-
RI] (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.

RADOVANOVI] 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. RADOI^I])

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

Stratigrafija sedimenata lokaliteta
Kr{a Gradca (JZ Srbija)

Lokalitet Kr{ Gradac je dobro poznat u geo-

lo{koj literaturi jugozapadnog dela Srbije. Kao

jedan od najboqe otkrivenih i interesantnih pro-

fila starijeg mezozoika Dinarida Srbije, bio je

tema istra`ivawa geologa i ranije, naro~ito sa

aspekta odre|ivawa starosti tradicionalno poz-

nate dijabaz-ro`na~ke formacije sa prostora

Balkanskog poluostrva. Nalazi se na zapadnoj

strani puta Sjenica–Nova Varo{ i na jugozapad-

nim padinama brda Gradac. Geolo{ki stub je sasta-

vqen od karbonatnih i siliciklasti~nih delova

koji su u tektonskom kontaktu sa melan`om.

Najstariji sedimenti su masivni gorwotrijaski

kre~waci dah{tajnskog tipa i dowolijaski plit-

kovodni karbonati, posle kojih slede sedimenti

sredwolijaske–dowodogerske Ammonitico Rosso i Bo-
sitra-protoglobigerinidske facije koji se zavr{a-

vaju hardground-om. Sukcesija se produ`ava sredwo-

jursko–dowokrednim radiolaritima u ~iji je sred-

wi deo umetnut gradirani, a u vi{i mass flow sloj.

U radu su u okviru stratigrafskog stuba lokali-

teta Kr{ Gradac prou~avani samo sredwolijasko–
–najni`i delovi dowokrednih sedimenata i oni su

razdvojeni u pet jedinica.

Jedinica A je debela 12,3 m i ~ine je sredwo i

gorwolijaski kre~waci facije tipa Ammonitico
Rosso. Jedinicu B gradi 1,2 m debela sekvenca cr-

venih kre~waka dowodogerske starosti sa tri hard-
ground-a. Crveni, zeleni, tamnosivi do skoro crni

radiolariti i ro`naci sa umetnutim crvenim

radiolaritskim {kriqcima sa~iwavaju jedinicu

C debelu 9,5–10 m; wena starost je gorwi bat–oks-

ford. Jedinica D je predstavqena sa 1,2 m debelim

gradiranim karbonatnim slojem koji je ulo`en u

crvene radiolarite i sa staro{}u koja nije stari-

ja od doweg titona, a verovatno je ?dowi–gorwi

titon. Ukupna debqina siliciklastita jedinice E
je 3,8 m, a u wenim sredwim delovima nalazi se

0,07–0,2 m debeo mass flow sloj. Saglasno strati-

grafskom polo`aju jedinica E nije starija od

?sredweg–gorweg titona do u najni`u kredu, a mass
flow sloj, uzimaju}i u obzir posledice aktivnosti

unutar basena, mo`e biti prihva}en kao berijaski.

Iznad najvi{eg dela radiolaritske sekvence jedi-

nice E sledi tektonit (melan`) sa cm–dm blokovi-

ma metaandezita.

Dowi deo crvene kondenzovane kre~wa~ke sek-

vence (jedinica B), izme|u sredweg (?delimi~no

gorweg) toarskog i bajeskog protoglobigerinid-
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skog sloja odgovara vremenskom intervalu ?najkas-

niji toars–alen. U ovom momentu ne postoje argu-

menti kojem delu bajesa bi se mogao pripisati pro-

toglobigerinidski doga|aj. Vrh kondenzovane

sekvence, tj. tamno crveni sedimenti sa hardground-

om, delimi~no ?batske starosti je prepokriven

crvenom argilitsko-radiolaritskom sukcesijom. 

U dowem delu jedinice C dokumentovane su ra-

diolarijske asocijacije gorweg bata do doweg ke-

loveja (zajedni~ko pojavqivawe Pterotrabs marculus
i C. carpathica) kao i sredweg keloveja do oksfor-

da (UAZz 8–9 sa Archaeodictyomitra minoensis, E.
unumaense s.l. i Z. ovum) (VISHNEVSKAYA et al. 2009).

Komponente gradiranog sloja (jedinica D), na

osnovu podataka iz ovog rada, su ekstrabasenskog i

intrabasenskog porekla. Ekstrabasenska zrna

(gorwi trijas–dowi titon) ukazuju na deponovawe u

ambijentima karbonatne platforme/rampe (danas

nepoznate na mestu u okviru obli`wih prostranih

Dinaridskih regiona). Zrna intrabasenskog

porekla su silicijski argiliti, sa ili bez radio-

larija, radiolariti (neki od wih su ?trijaski),

radiolarijski mikriti, ro`naci i metaandeziti.

Mass flow sloj, iz vi{eg dela jedinice E, sadr`i

razli~ite fragmente dubokih basenskih sedimena-

ta, ukqu~uju}i i one od nekonsolidovanih radio-

larita. Tako|e, on ukazuje i na ?najkasniji titon-

sko–berijaski doga|aj koji je prouzrokovao razara-

we dela sekvence dubokog basena. Mass flow sloj je

razmatran kao berijaski.

Iz radiolarita najni`ih delova jedinice E dosa-

da{wim istra`ivawima (VISHNEVSKAYA et al. 2009)
dokumentovane su najmla|e radiolarije sredwooks-

fordske do dowotitonske starosti (UAZs 9-11 sa

vrstama A. minoensis, Z. ovum i T. brevicostatum).
Sedimenti lokaliteta Kr{a Gradca predstav-

qaju tipi~nu prelaznu sukcesiju od karbonatne

platforme u basen: sedimente najvi{ih delova

trijaske platforme dah{tajnskog tipa slede do-

wolijaski plitkovodni karbonati. Kasnije, od sred-

weg lijasa do bajesa, deponovali su se Ammonitico
Rosso facija potopqene platforme i bajeski Bosit-
ra-protoglobigerinidski kre~waci, koji se zavr-

{avaju sa tamno crvenim sedimentom i hardground-
om. Intenzivno basensko potawawe je okarakteri-

sano sedimentacijom dubokih basenskih radiola-

rita kroz kasni bat do u najraniju kredu. Lagana

basenska sedimentacija bila je prekinuta u vreme

?sredwi–gorwi titon (karbonatni gradirani sloj),

kao posledica tektonskog doga|aja, tj. razlamawa

karbonatne platforme, a tako|e i okolnih oblas-

ti basena. Ovaj zna~ajan tektonski doga|aj ne mo`e

biti stariji od ?najkasnijeg kimeriya–ranog tito-

na, tako da saglasno tome, jedinica E ne mo`e biti

starija od ?sredweg–gorweg titona.

Siliciklastiti koji se nalaze iznad kre~waka u

gorwem delu sukcesije Kr{a Gradca uglavnom su

smatrani kao deo dijabaz-ro`na~ke formacije, tj.

vulkanogeno-sedimentne serije ili ofiolitskog

kompleksa razli~ite starosti: jurske (]IRI] 1954),
sredwo–gorwojurske (JOVANOVI] 1963; ]IRI] 1984,
1996), titonske (JOVANOVI] O. et al. 1979; GRUBI]

1980) itd.
RAMPNOUX (1974) navodi da umetnuta bre~a unutar

siliciklastita (u ovom tekstu to je gradirani sloj,

jedinica D) sadr`i mikrofosile lijasko–port-

landske starosti. Na osnovu toga RAMPNOUX (pret-

hodni citat, str. 46), zakqu~uje da postoji zna~ajna

stratigrafska praznina izme|u sredweg toarsa sa

hardground-om i vulkanogeno-sedimentne formacije

koja je datirana “au moins du Malm supérieur”. Sa-

glasno navedenom, siliciklastiti ispod umetnute

bre~e, mogu tako|e biti pripisani gorwem malmu.

Izme|u podinskih kre~waka i dijabaz-ro`na~ke

formacije ]IRI] (1984, 1996) zapa`a blagu diskor-

danciju koja ukazuje na odre|ene tektogenetske

pokrete na granici izme|u lijasa i dogera, tj. na

uticaj kasno kimerijske faze u Dinaridima.

RADOVANOVI] et al. (2004) uvr{}uju silicik-

lastite u neformalnu formaciju Zlatara gorwo-

trijasko–titonske starosti. GAWLICK et al. (2009)
smatraju ih sredwo do gorwojurskim–?dowokred-

nim delom gorwotrijasko–?dowokredne tektonske

slice ispod radiolaritsko-ofiolitskog melan`a.

Pored toga, cela kompleksna sukcesija Kr{a

Gradca je interpretirana “as a tectonic window or
as a tectonically incorporated sliver scraped off the
footwall due to younger tectonic shortening” (prethod-

ni citat, str. 299).

Autori ovog rada, pomenute siliciklastite

tako|e ne ukqu~uju u tektonit (melan`), i u okviru

wih razlikuju dve dubokovodne argilitsko-radio-

laritske formacije: stariju, gorwobatsko–dowo-

titonsku (ispod gradiranog sloja) i mla|u, ?sred-

wo–gorwotitonsku – najni`u dowokrednu, koja po-

~iwe sa gradiranim slojem.
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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.

5–6. 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. RADULOVI]), thin section RR 5146.



Stratigraphy of the Kr{ Gradac section (SW Serbia) 41



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

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)

FELIX SCHLAGINTWEIT
1, IGINIO DIENI

2 & RAJKA RADOI^I]
3

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.

Apstrakt. Novi materijal iz berijasa isto~ne Sardinije, kao i ve} publikovani materijal od strane

PECORINI-a (1972), kao “Clypeina sp. A”, omogu}io je boqe sagledavawe karakteristi~nih osobina ove

vrste i dopunsku dijagnozu za vrstu Clypeina isabellae MASSE et al., 1999 iz berijasa jugozapadne Francu-

ske. Druga morfolo{ki sli~na Clypeina iz gorwe jure Sjevernih kre~wa~kih Alpa, Austrija, opisana je

kao Clypeina loferensis n. sp. Date su primedbe o rodu Clypeina MICHELIN i Hamulusella ELLIOTT, kao i o klipe-

inama sa proksimalnim ispup~ewem ogranaka. Toko|e je dat osvrt na odnos Clypeina jurassica i Cl. sulcata.

Kqu~ne re~i: Dasycladales, zelene alge, nova vrsta, emendacija, gorwa jura, berijas, Sjeverni kre~wa-

~ki Alpi, Sardinija.
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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 Lärchberg
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 Lärchberg Formation
of Mount Dietrichshorn was investigated by DARGA &
SCHLAGINTWEIT (1991) and DYA (1992).

Mount Lärchberghörndl. Mount Lärchberghörndl
and its eastern part, the Lofer Kalvarienberg, are the
type-locality of the Lärchberg Formation established by
FERNECK (1962). Topographic Map of Austria no. 92,
sheet Lofer. Literature: DYA (1992), FERNECK (1962).
Mount Lärchberghörndl 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. Lärchberg 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-

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
DIENI & RADOI^I] (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. 1. Topographic sketch map of the type-locality of Cly-
peina loferensis n. sp. near the village of Lofer, Austria.



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 & RADOI^I], Otternstella lem-
mensis (BERNIER) and Salpingoporella annulata CAROZ-
ZI there are taxa which, at least until now, have only
been recorded beginning from the Berriasian, such as
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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 (Orudè 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 et al. 2000, modified).
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Fig. 3. Sa Marghine Ruja section (Oliena, Sardinia) (from DIENI et 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.



Actinoporella jaffrezoi GRANIER, Clypeina estevezii
GRANIER, Clypeina parasolkani FARINACCI & RADOI^I]

and Salpingoporella granieri DIENI & RADOI^I]. 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)
(“l’espèce 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
dès le Beriassien inférieur”, MASSE et al. 1999, p. 240). 

Micropalaeontological Part

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

Clypeina loferensis sp. n.
Fig. 5 A–J; Pl. 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.

?1996 Clypeina aff. parasolkani RADOI^I] & FARINACCI –
ERCEGOVAC, JEREMIC & RADOI^I]: 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 für Paläontologie 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-
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 Lärchberghörndl, located
on the topographical map of
Austria 1:50 000 ÖK 92 Lofer
(Fig. 1). This locality corre-
sponds to the profile no. 7 de-
scribed by DYA (1992: p. 22–24)
and is also the type-locality for
Carpathocancer? plassenensis
(SCHLAGINTWEIT & GAWLICK)
(SCHLAGINTWEIT et al. 2003, Fig.
1) (coordinates: length 12°41’,
width 47°35’).

Type-level. Light brown
wackestone of the Lärchberg
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. 4. Partial Late Tithonian–Berriasian palaeoenvironmental 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).



(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 0.4 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 (Pl. 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,

FELIX SCHLAGINTWEIT, IGINIO DIENI & RAJKA RADOI^I]48

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-Lärch-
berghörndl; 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-Lärchberghörndl; F, Mount
Dietrichshorn; G, Longitudinal section, cutting one vertcil; note upward bending of laterals, sample EIS-7, Lofer
Kalvarienberg-Lärchberghörndl; H–I, Oblique-transverse sections, sample DIE-164, Mount Dietrichshorn; J, Transverse sec-
tion, slightly oblique, sample DIE-165, Lofer Kalvarienberg-Lärchberghörndl; 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.



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.

?1998 Clypeina sp. A PECORINI – EBLI & SCHLAGINTWEIT:
15–16, pl. 3, figs 1, 7, ?9.

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 espèce de Clypeina à thal-
le calcifié fibreux jaunâtre, à 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-

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



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).  

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 RADOI^I], Cl. inopinata FAVRE, Cl.
jurassica FAVRE & RICHARD, Cl.? sedalanensis ELLI-
OTT, and Cl. liburnica RADOI^I]. 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 & GÉNOT

1982; DELOFFRE 1988; DELOFFRE & GRANIER, 1992;
GRANIER & DELOFFRE 1993).

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 Nizniów Limestone of the Ukraine illustrated
by PIA (1920, Pl. 7, Fig. 8). Since that time, the species
has not again been identified. RADOI^I] (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

FELIX SCHLAGINTWEIT, IGINIO DIENI & RAJKA RADOI^I]50

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

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.



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.
jurassica 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.

Acknowledgements

The research by FELIX SCHLAGINTWEIT was carried out
with the financial support of the “Fonds zur Förderung der
wissenschaftlichen Forschung” (FWF, project P16812-B06).
Thanks are due to HANS-JURGEN GAWLICK (University of
Leoben) for logistical support and for providing some thin-
sections. INGINIO DIENI (Univeristy of Padova) wisch to
thank the colleague and friend F. MASSARI for his collabo-
ration during the field research. Authors thank to reviewers
MARC A. CONRAD (Geneve) and FILIPPO BARATTOLO (Uni-
versity of Napoli) for reading the earlier manuscript and use-
ful consultation.

References

BARATTOLO, F. 1998. Dasycladacean green algae and micro-
problematica of the uppermost Cretaceous-Paleocene in
the Karst Area (NE Italy and Slovenia). Dela-Opera
SAZU, 4, 34: 65–127.

BASSOULET, J.P., BERNIER, P., CONRAD, M.A., DELOFFRE, R.
& JAFFREZO, M. 1978. Les Algues Dasycladales du Juras-
sique et du Cretacé. Geobios, Paleontologie, Stratigra-
phie, Paleoecologie, Mémoire special 2: 2–330.

BUCUR, I. & SASARAN, E. 2005. Relationship between algae
and environment: an Early Cretaceous case study, Trascau
Mountains, Romania. Facies, 51: 285–297.

BERNIER, P. 1985. Les formations carbonatées du Kimmerid-
gien et du Portlandien dans le Jura méridional. Stratigra-
phie, micropaléontologie, sédimentologie. Documents de
Laboratoires de Géologie de Lyon, 92: 1–803.

CONRAD, M.A., PRATURLON, A., RADOI^I], R. 1974. The ge-
nus Actinoporella GUEMBEL in ALTH 1882, Dasycladales,
green algae. A revision. Geologica Romana, 8: 1–15.

DARGA, R. & SCHLAGINTWEIT, F. 1991. Mikrofazies, Palä-
ontologie und Stratigraphie der Lerchkogelkalke (Tithon-
Berrias) des Dietrichshorns (Salzburger Land, Nördliche
Kalkalpen). Jahrbuch der geologischen Bundesanstalt,
134: 205–226.

DE CASTRO, P. 1997. Introduzione allo studio in sezione sot-
tile delle Dasycladali fossili (in Italian and English). Qua-
derni dell´accademia pontiana, 22: 1–261.

DELOFFRE, R. 1988. Nouvelle classification des algues Da-
sycladales. Bulletin des Centres de Recherches Explo-
ration-Production Elf-Aquitaine, 12 (1): 165–217.

DELOFFRE, R. & GÉNOT, P. 1982. Les Algues Dasycladales
du Cénozoique. Bulletin des Centres de Recherches Ex-
ploration-Production Elf-Aquitaine, 4: 1–247.

DELOFFRE R. & Granier B. 1992. Inventaire critique des
algues Dasycladales fossiles. Revue de Paléobiologie, 11
(2): 331–356.

DIENI, I. & MASSARI, F. 1985. Mesozoic of Eastern Sardinia.
In: CHERCHI A. (ed.), 19th European micropaleontological
colloquium, Sardinia, October 1985, Guidebook: 66–78,
AGIP.

DIENI, I. & MASSARI, F. 2000. Mesozoic of Lanaitto valley-
Oliena. In: CHERCHI, A. (ed.) 19th European Micropa-
leontological Colloquium, Sardinia, October 1985, Gui-
debook: 221–232, AGIP.

DIENI, I. & RADOI^I], R. 2000. Clypeina dragastani sp. nov.,
Salpingoporella granieri sp. nov. and other dasycladalean
algae from the Berriasian of Eastern Sardinia. Acta pala-
eontologica Romaniae, 2 (1999): 105–123.

DYA, M. 1992. Mikropaläontologische und fazielle Unter-
suchungen im Oberjura zwischen Salzburg und Lofer.
PhD Thesis Technical University of Berlin, 137 pp.

EBLI, O. & SCHLAGINTWEIT, F. 1998. On some biostratigra-
phic important microfossils (benthic foraminifera, dasycla-
dales) from the subsurface Late Jurassic-Early Cretaceous
of Baviera. Mitteilungen der Bayerischen Staatssammlung
für Paläontologie und historische Geologie, 38: 9–23.

ERCEGOVAC, M., JEREMI], M. & RADOI^I], R. 1996. Strati-
graphic column above bauxite at Bio~ki Stan Montenegro.
Geolo{ki anali Balkanskoga poluostrva, 6O (2): 99–122.
(In Serbian and English).

FERNECK, F.E. 1962. Stratigraphie und Fazies im Gebiet der
mittleren Saalach und des Reiteralm-Gebirges: ein Beitrag
zur Deckenfrage in den Berchtesgadener Alpen. PhD
Thesis Technical Univerisity of Munich, 107 pp.

FOURCADE, E., AZEMA, J., CECCA, E, DERCOURT, J., VRIE-
LYNCK, B., BELLION, T., SANDULESCU, M. & RICOU, L.E.,
1993. Late Tithonian (138-135 Ma). In: J. DERCOURT,
L.E. RICOU & B. VRIELYNCK (Eds.), Atlas Tethys Palaeo-
environmental Maps, BEICIP-FRANLAB, Rueii-Malmai-
son.

GAWLICK, H.-J., SCHLAGINTWEIT, F. & MISSONI, S. (2005): Die
Barmsteinkalke der Typlokalität nordwestlich Hallein (ho-
hes Tithonium bis tieferes Berriasium; Salzburger Kalk-
alpen) - Sedimentologie, Mikrofazies, Stratigraphie und
Mikropaläontologie: neue Aspekte zur Interpretation der
Entwicklungsgeschichte der Ober-Jura-Karbonatplattform
und der tektonischen Interpretation der Hallstätter Zone von

Two look-alike dasycladalean algae: Clypeina isabellae MASSE, BUCUR, VIRGONE & DELMASSO, 1999 from the Upper Jurassic 51



Hallein – Bad Dürrnberg. Neues Jahrbuch für Geologie
und Paläontologie Monatshefte, 236 (3): 351-421.

GÉNOT, G. P. 1987. Les Chlorophycees calcaires du Pa-
leogene d’ Europe nord-occidentale (Bassin de Paris, Bre-
tagne, Cotentin, Basis de Mons. These de doctorat d’Etat,
Discipline: Sciences, Specialite: Sciences de la Terra, 1:
6–458, 2: 6–32.

GRANIER, B. 1994. The genus Actinoporella (GÜMBEL in
ALTH, 1881) and its representatives. A review. Beiträge
zur Paläontologie, 19: 113–127.

GRANIER, B. & Brun, R. 1991. Cylindroporella cruciformis
et Holosporella arabica, deux Dasycladacées nouvelles du
Groupe Thamama, (? Portlandien-) Beriasien-Aptien
d´Abu Dhabi, Emirats Arabes Unis. Cretaceous Research,
12: 403–410.

GRANIER, B. & DELOFFRE, R. 1993. Inventaire critique des
Algues Dasycladales fossiles, II partie – Les Algues
Dasycladales du Jurassique et du Crétacé. Revue de Pa-
léobiologie, 12: 19–65.

MASSE, J.P, BUCUR I.I., VIRGONE, A. & DALMASSO, H. 1999.
Nouvelles espèces de Dasycladales du Crétacé inférieur
de Provence (S.E. France). Revue de Micropaléontologie,
42: 231–243.

PECORINI, G. 1972. Microflora “purbeckiana” della Nurra
(Sardegna). Bolletino della Societa Geologica Italiana,
91: 373–385.

PIA, J. 1920. Die Siphoneae verticillatae vom Karbon bis zur
Kreide. Abhandlungen der Zoologisch-Botanischen Gesel-
lschaft in Wien, 11 (2): 1–263.

RADOI^I], R. 1969. A new Lower Cretaceous Dasycladacea,
Clypeina pejovici, and note on some Clypeinae. Geolo-
gica Romana, 8: 71-84.

SANDERS, D., LUKESCH, M., RASSER, M. & SKELTON, P.
2007. Shell beds of diceratid rudists ahead of a low-ener-
gy gravelly beach (Tithonian, Northern Calcareous Alps,
Austria): Palaeoecology and taphonomy. Austrian Journal
of Earth Sciences, 100: 186–199.

SCHLAGINTWEIT, F. 2005. Neogyroporella? gawlicki n. sp., a
new Dasycladale from the Upper Jurassic-Lower Creta-
ceous “Lärchberg Formation” of the Northern Calcareous
Alps. Geologia Croatica, 58 (2): 1–15.

SCHLAGINTWEIT, F. & EBLI, O. 1999. New results on stratigra-
phy, facies and sedimentology of Late Jurassic to Early Cre-
taceous platform carbonates of the Austrian Salzkammergut
(Plassen Formation, Tressenstein Limestone). Abhandlungen
der geologischen Bundesanstalt, 56 (2): 379–418.

SCHLAGINTWEIT, F. & EBLI, O. 2000. Short note on Clypeina
catinula CAROZZI, 1956 (dasycladale). Revue de
Paléobiologie, 19 (2): 465–473.

SCHLAGINTWEIT, F., GAWLICK, H.-J. & SANDERS, D. 2003.
Serpulid tubes of the genus Carpathiella MISIK, SOTAK &
ZIEGLER, 1999 from the Upper Jurassic to Upper Creta-
ceous of the Northern Calcareous Alps (Austria, Germa-
ny). Mitteilungen Gesellschaft Geologie Bergbaustudenten
Österreich, 46: 91–110.

STEIGER, T. 1981. Kalkturbidite im Oberjura der Nördlichen
Kalkalpen (Barmsteinkalke, Salzburg, Österreich). Facies,
4: 215-348.

Rezime

Dvije sli~ne dazikladacejske alge:
Clypeina isabellae Masse, Bucur, Virgone &
Delmasso, 1999 iz berijasa Sardinije
(Italija) i Clypeina loferensis sp. n. iz
gorwe jure Sjevernih kre~wa~kih Alpa
(Austrija)

Na osnovu bogatog fosilnog materijala iz beri-

jaskih sedimenata zapadne (PECORINI 1972) i isto~-

ne Sardinije (I. DIENI), data je dopunska dijagnoza za

vrstu Clypeina isabellae MASSE et al., 1999, koja je

bila opisana iz berijaskih sedimenata Provanse, a

na osnovu presjeka koji nijesu mogli dati sve po-

datke o wenoj gra|i. Pritom, autori su prevideli

rad PECORINI (1972) u kojem je ova vrsta bila prika-

zana kao Clypeina sp. A. Ovom prilikom uvodi se

Clypeina loferensis sp. n. iz gorwe jure Sjevernih

kre~wa~kih Alpa koja u nekim presjecima ima

sli~nost sa Clypeina isabellae.

Clypeina loferensis sp. n.

Holotip: isko{en popre~an presjek prikazan na

Tabli 1, sl. 9, prep. BSP-2009-XI-1.
Dijagnoza: Dazikladacea sredwe veli~ine sa

ravnomjerno raspore|enim pr{qenovima ograna-

ka, pod nagibom 60°–80° prema glavnoj osi, koji su

euspondilno raspore|eni.

Ogranci su fusiformnog oblika, proksimalnim

dilelom u lateranom kontaktu, distalno slobodni.

Kalcifikacija je obuhvatala dio pr{qena oko

glavne ose i znatan dio ogranaka.

Clypeina isabellae (MASSE et al., 1999)

Dopuwena dijagnoza: Talus glavne ose izdu`eno-

cilindri~nog oblika sa pr{qenovima horizon-

talnih ili blago navi{e nagnutih ogranaka. Rela-

tivno krupni tubiformni ogranci (sa ampulom)

blago su nepravilnog oblika sa malim ispup~ewem

u dowem proksimalnom dijelu. U popre~nom presje-

ku ogranci su neznatno distalno su`eni. Skelet

~ini fibrozni ~u}kasi kalcit, ali tako|e i bez-

bojni kalcit. Veoma tanka primarna kalcifikaci-

ja zahvatala je zid gravne ose ogranaka, dok je `u}-

kasti kalcit deponovan intracelularno, a ~esto

prekristalizacijom sjediwen sa tankim skeletom

zida.

Clypeina isabellae je srodna grupi klipeina sa ma-

we ili vi{e izra`enim pro{irewem na dowoj

strani ogranaka, uz glavnu osu. U najve}oj mjeri je

srodna vrstama Clypeina jurassica i Cl. inopinata koje

se tako|e karakteri{u intracelularnim ispuwe-
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wem fibronog kalcita, ali se od ovih razlikuje

oblikom ogranaka.

Odnos Clypeina jurassica – Clypeina inopinata

Actinoporella sulcata (ALTH, 1878), opisana iz gor-

wojurskog kre~waka Ni`weva (Ukrajina), bila je

poznata samo na osnovu jednog otiska transversal-

nog presjeka koji je prikazao PIA (1920; tab. 7, sl. 8).

Od tada nije bila identifikovana. U {est uzoraka

(8 preparata, R.R.) koji su qubazno dobijeni od S.

PASTERNAKA (Ukrajinska Akademija Nauka) nije

na|en ni jedan presjek ili fragment ove vrste.

RADOI^I] (1969) pomiwe da je A. sulcata sli~na nekoj

klipeini (cf. jurassica?). CONRAD et al. (1974) potvr-

|uju wenu nesumwivu sli~nost sa Clypeina jurassica
ili Cl. inopinata i upu}uju na potrebu daqeg prou~a-

vawa materijala iz tipskog lokaliteta.

Prema GRANIER & BRUN (1991), Cl. jurassica mla-

|i sinonim vrste Cl. sulcata, ne ulaze}i u diskusi-

ju o ovoj materiji, autori smatraju da postoje, ~ak i

u slu~aju ako se potvrdi da je Clypeina jurassica (ne

inopinata) mla|i sinonim vrste Cl. sulcata, veoma

jaki argumenti da se specifi~ko ime jurassica
zadr`i kao nomen conservandum.
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PLATE 1

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

Figs. 1–2. Oblique sections, samples DIE-164 and ENS-1; 1, Lofer Kalvarienberg-Lärchberghörndl; 2, Mount Dietrichshorn.

Fig. 3. Oblique section, sample MT-947, Mount Trisselwand.

Fig. 4. Longitudinal section cutting two verticils; note upward bending of laterals, sample KOWG-1, Lofer
Kalvarienberg-Lärchberghörndl.

Fig. 5. Oblique section, sample E 109, Mount Zwerchwand.

Fig. 6. Longitudinal-oblique section, sample LK 3, Mount Litzelkogel.

Figs. 7–8. Longitudinal sections, slightly oblique, samples LOF-2 and KOWG-D, Lofer Kalvarienberg-Lärchberghörndl.

Fig. 9. Holotype, oblique transversal section, sample LOF-1, Lofer Kalvarienberg-Lärchberghörndl.

Fig. 10. Oblique-tangential section through one verticil, sample Die-170, Mount Dietrichshorn.

Fig. 11. Oblique-transverse section, sample KOWG-B, Lofer Kalvarienberg-Lärchberghörndl.

Fig. 12. Transverse section with 8 laterals, sample KOWG-D, Lofer Kalvarienberg-Lärchberghörndl.

Fig. 13. Wackestone with Pseudocyclammina cf. lituus (YOKOYAMA) (left) and Clypeina loferensis n. sp. (right),
sample MT-323, Mount Trisselwand.

Fig. 14. Oblique section; note comparable thin calcification covering the main axis, sample DIE-642, Mount
Dietrichshorn.

Fig. 15. Wackestone with several sections of Clypeina loferensis n. sp., sample MT-947, Mount Trisselwand.

Fig. 16. Oblique-transverse section, sample KOWG-E, Lofer Kalvarienberg-Lärchberghörndl.

Fig. 17. Transverse section, slightly oblique ; note micritic envelopping, sample LOF-4, Lofer Kalvarienberg-
Lärchberghörndl.

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

Fig. 2. Sub-axial section; sample 853/3.

Fig. 3. Axial section (fragment) showing the bulge and secondary enlarged pore (853/1).

Fig. 4. Transverse and oblique section; sample 853/4.

Fig. 5. 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.

Fig. 6. Transverse-oblique section; sample 853/4.

Fig. 7. Transverse slightly oblique section cutting some bulges of laterals, note: thin primary calcification of the main
axis; sample 853/4. 

Fig. 8. Slightly oblique transverse section passing through the lower part of whorl – through bulges; sample 853/5.

Fig. 9. Transverse, slightly oblique section with, in the one lateral on right, clearly visible well preserved ampulla;
sample 853/2.

Figs. 10–14. 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.

Figs. 15–17. 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.

Fig. 18. Longitudinal-tangential section crossing 4 successive whorls; sample  853/a.

Figs. 19–23. Different transverse-oblique and transverse section of small-sized specimens; samples 853/4, 853/1, 853/6, 853/7.

Fig. 24. 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. Different tangential sections; samples 833/7, 853.

3–5. Axial and sub-axial sections showing the bulge; samples 853/5, 853/4, 853/6. 

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.

7. Transverse oblique section; sample 853/7.

8. Transverse section, note: thin primary colorless calcification of the main axis and of tubuliform lat-
erals; sample 853/7.

9. Partly preserved transverse section in which the tubuliform shape of laterals with slightly recrystal-
ized walls are well visible; sample 853/1.

10–11, 13. Different more or less oblique sections; samples 853/7, 853/4, 853/7.

12. 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.

14–15. Fragments of transverse oblique sections; sample 853/c.

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

20. 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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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
(RADOI^I], 1975). The site (Fig. 1) is on the left bank
of the small U~ja river, about 1200 m west of a bridge
crossing this river at @aga, southwest of Bovec, exact-
ly 100 m west of a hay-barn at Hlebi{~e. 

The Liassic limestone containing the algae occurs as
a tectonically isolated klippe covering some 500 m2

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

Linoporella buseri RADOI^I], 1975, revisited. A Liassic dasycladalean alga
from the Dinarides and continental Italy

RAJKA RADOI^I]
1, MARC ANDRÉ CONRAD

2 & NICOLAOS CARRAS
3

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.

Apstrakt. Preispitana je lijaska alga Linoporella buseri na osnovu obilnog materijala sprudnog pod-

ru~ja koji poti~e iz naknadno opisanog tipskog lokaliteta u Sloveniji. Upore|ewe je vr{eno sa tip-

skom berijasko-valendiskom vrstom L. capriotica prema studiji BARATTOLO & ROMANO (2005). Obje vrste

imaju po tri reda ogranaka. Me|utim, L. buseri se razlikuje po tome {to ima tercijarne ogranke, obi~no

tanke, rijetko floioformne na vrhu, gdje formiraju korteks kao i L capriotica. Shodno ovome, rod Lino-
porella je blago emendiran na osnovu observacija u obje vrste.

Kqu~ne rije~i: Dasycladales, Linoporella buseri, lijas, Slovenija.

GEOLO[KI ANALI BALKANSKOGA POLUOSTRVA

ANNALES GÉOLOGIQUES DE LA PÉNINSULE BALKANIQUE
70 61–69 BEOGRAD, decembar 2009

BELGRADE, December 2009

1 Kralja Petra 38, 11000 Beograd, Serbia. E-mail rradoicic@sezampro.rs 
2 71 chemin de Planta, 1223 Cologny, Switzerland. E-mail: conrad@safemail.ch 
3 IGME, Acharnai, 13677 Athens, Greece. E-mail: nicarras@igme.gr  

DOI: 10.2298/GABP0970061R 



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

Family Triploporellaceae (PIA, 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 & ROMANO (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 SOKA^ & 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 RADOI^I], 1975
Pls. 1, 2

1975 Linoporella buseri sp. nov. – RADOI^I], p. 277, fig.
1. [Liassic of the Julian Alps, Slovenia].

1978 Linoporella ? buseri RADOI^I], 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 RADOI^I] – CHIOCCHINI et al., pl.
XXXIV, fig. 3, 4. [Sinemurian, Latium, Italy].

2001 Palaeodasycladus asteriscus n. sp. – SOKA^, p. 166,
pls. 39, 40. [Lower Liassic, Croatia].

2005 Linoporella buseri RADOI^I] – BARATTOLO & RO-
MANO, p. 238. [Species referable to the genus].

Type specimens, depository. The holotype is depict-
ed in Pl. 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. RADOI^I] collec-
tion, in the Geological Institute of Serbia, Belgrade.
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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.



Diagnosis, revisited. The short diagnosis given in
RADOI^I] (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 Pl. 1, Fig.
1 and Pl. 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 SOKA^ (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; Pl. 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 Pl.
1, Fig. 11, the tertiary laterals are phloiophorous at tip,
apparently forming a cortex. The same applies to certain
sections illustrated by SOKA^ (2001; pl. XXXIX, figs. 1-
3), under the name of Palaeodasycladus 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 (l): 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 (l’): 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 (l’’):

0.21–0.32 mm.
Thickness of the tertiary laterals (p’’): in most cases ca.

0.4 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 (Pl. 1, Fig. 5; Pl. 2, Fig. 10).
Seldom (Pl. 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 SOKA^

(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 & ROMANO (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 RADOI^I] 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.

Acknowlegments

Several persons generously helped preparing this article:
MATEV` NOVAK (University of Ljubljana), supplied a geolo-
gical map of the Bovec area, as originally mapped by late
Stanko Buser, RADMILO JOVANOVI] (Naftagas, Novi Sad)
prepared the location map, FILIPPO BARATTOLO (University of
Naples) advised on the status of Linoporella. Finally, both
DARIA IVANOVA (Geological Institute, Sofia) and FELIX

SCHLAGINTWEIT (München), as reviewers, brought useful sug-
gestions to improve the content of the manuscript. 

References

BARATTOLO, F. & ROMANO, R., 2005. The genus Linoporella
STEINMANN, 1899 and its type-species Linoporella caprio-
tica (OPPENHEIM, 1889) from the Early Cretaceous of Ca-
pri. Bollettino della Società Paleontologica Italiana, 44:
237–254.

BASSOULLET, J.-P., BERNIER, P., CONRAD, M.A., DELOFFRE,
R. & JAFFREZO, M., 1978. Les algues Dasycladales du Ju-
rassique et du Crétacé. Révision critique. Geobios, Mémo-
ires spécial, 2: 1–330.

BUCUR, I.I., 1993. Remarks on Pseudocymopolia jurassica
(DRAGASTAN), 1968). Bollettino della Società Paleontolo-
gica Italiana, Volume speciale, 1: 69–80.

BUCUR, I.I., GRANIER, B. & SCHLAGINTWEIT, F., 2009.
Steinmanniporella, a new dasycladale genus name for
“Linoporella” with two orders of laterals: Facies, DOI
10.1007/s10347-009-0206-4.

CHIOCCHINI, M., FARINACCI, A., MANCINELLI, A., MOLINARI,
V. & POTETTI, M., 1994. Biostratigrafia a foraminiferi,
dasicladali e calpionelle delle successioni carbonatiche
mesozoiche dell’Appennino centrale (Italia): Studi Geolo-
gici Camerti, Volume speciale «Biostratigrafia dell’Italia
centrale»: 9–128.

DIENI, I., F. MASSARI & RADOI^I], R., 1985. Palaeocene da-
sycladalean algae from Orosei (Eastern Sardinia). Memo-
rie di Scienze Geologiche, 38: 1–77.

GAWLICK, H.-J., SUZUKI, H. & SCHLAGINTWEIT, F., 2006. Die
Ober-Trias- und Jura-Sedimentgesteine der Sarsteinalm
und deren Bedeutung für die tektonische Gliederung des
Dachstein-Blockes (Salzkammergut, Nördliche Kalkalpen,
Österreich). [The Upper Triassic and Jurassic sedimenta-
ry rocks of the Sarsteinalm: evidence for the tectonic con-
figuration of the Dachstein Block (Salzkammergut region,

Normern Calcareous Alps, Austria)]. Neues Jahrbuch für
Geologie und Paläontologie, Abhandlungen, 239: 101–160.

RADOI^I], R., 1975. Linoporella buseri sp. nov. from the
Liassic of the Julian Alps (a preliminary report). Bulletin
Scientifique – Conseil des Académie des Sciences et des
Arts de la RSF de Yougoslavie - Section A: Sciences Na-
turelles, Techniques et Médicales, 20: 277–278.

SOKA^, B., 2001. Lower and Middle Liassic calcareous algae
(Dasycladales) from Mt. Velebit (Croatia) and Mt. Trnov-
ski Gozd (Slovenia) with particular reference to the genus
Palaeodasycladus (PIA, 1920) 1927 and its species. Geo-
logia Croatica, 54: 133–257.

SOKA^, B. & VELI], I., 1976. Linoporella ? svilajensis n. sp.
(calcareous algae, Dasycladaceae) from the Upper Jurassic
? – Lower Cretaceous ? limestone of Mt. Svilaja, South-
ern Croatia (Dalmatia), Geolo{ki Vjesnik, 29: 173–179.

Rezime

Linoporella buseri RADOI^I] 1975,
preispitivawe. Lijaska dazikladaleska
alga iz Dinarida i kontinentalne Italije

Familija Triploprellaceae (PIA,1920) BERGER &
KEAVER, 1992
Tribus Triploporelleae (PIA, 1920) BUCUR, 1993

Rod Linoporella STEINMANN, 1899, emend.

BARATTOLO & ROMANO (2005, p. 238) dali su

slede}u emendaciju roda Linoporella u svijetlu iz-

razito dobre revizije tipske berijasko-valendiske

vrste L. capriotica: “Jednostavan cilindri~an ili

blago kiji~ast talus. Primarni ogranci slo`eni u

guste pr{qenove. Kratki primarni i dugi tanki

sekundarni ogranci. Tercijarni ogranci su floio-

formnog oblika i ~ine korteks. Reproduktivni

organi vjerovatno su smje{teni unutar centralne

stabqike (endosporatni tip)”. Ranije emendacije

bile su predlo`ene najprije od BASSOULLET et al.
(1978), pozivaju}i se samo na dva reda ogranaka, dok

se emendacija DIENI et al. (1985) bazirala na prisu-

stvu tri reda ogranaka kod vrste Linoporella buseri.
Saglasno preispitivawu vrste L. buseri, rod Lino-
porella je ponovo blago emendiran: “Jednostavan ci-

lindri~an ili blago kiji~ast talus. Glavna osa,

cilindri~na ili slabo intusanulatna, nosi slijed

pr{qenova sa tri reda ogranaka. Primarni ogran-

ci su relativno kratki i debqi, isko{eni ili up-

ravni na glavnu osu, cjevasti ili malo distalno

pro{ireni. Izdu`eni, tubularni i relativno tan-

ki sekundarni ogranci ~ine skupinu na vrhu pri-

marnih ogranaka. Tanki tercijarni ~ine tako|e

skupinu na vrhu sekundarnih ogranaka. Oni su ili

sasvim tanki, ili na vrhu floioformni, te formi-

raju korteks. Reproduktivni organi vjerovatno

unutar centralne stabqike (endosoratni tip).
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Linoporella buseri RADOI^I], 1975
Tab. 1, 2

Holotip: Presjek prikazan na tabli 1, sl. 2. Svi

ostali presjeci na tablama 1 i 2 su izotipovi.

Revidirana dijagnoza: jednostavan talus zaobqe-

nog ili blago zao{trenog vrha. Glavna osa, cilin-

dri~na ili intusanulatna, nosi pr{qenove sa tri

reda ogranaka. Prete`no jaki primarni ogranci

proksimalno i distalno su staweni (vretenasi).

Najprije su, u glavnom dijelu talusa, horizontalni

ili blago nagnuti, a upadqivo nagnuti u apikalnom

dijelu. Primarni ogranci daju skupinu od 4–5 tubu-

larnih, tankih mawe ili vi{e divergentnih i

povijenih sekundarnih ogranaka. Ovi potowi,

naj~e{}e nose skupinu od tri istawena tercijarna

ogranka. Kre~wa~ki skelet je ~vrst, primarno

najvjerovatnije aragonitski. Reproduktivni ogra-

ni endosporatnog tipa.
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PLATE 1
Linoporella buseri RADOI^I]. All specimens from the type-level.

Fig. 1. 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, ×14.

Fig. 2. The holotype. Oblique section in the main, cylindrical portion of the thallus. Slender third order laterals, are clear-
ly visible. Thin section RR3101, ×13.

Fig. 3. Oblique section in the main, cylindrical portion of the thallus. Although hardly visible, slender third order laterals
are present. Thin section RR3108, ×14.

Fig. 4. 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, ×14.

Fig. 5. 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, ×11.

Fig. 6. Broken oblique section in the main, cylindrical portion of the thallus. Three orders of laterals are clearly visible
despite bioerosion. Thin section RR3105, ×12.

Fig. 7. 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, ×20.

Fig. 8. Two, partly broken oblique sections, with three orders of laterals. The right hand side section is heavily bioerod-
ed. Thin section RR3128, ×17.

Fig. 9. 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, ×28. 

Fig. 10. 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, ×20.

Fig. 11. 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, ×14.

Fig. 12. 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, ×20.

Fig. 13. Slightly oblique, tangential section. The spindle-like, bioeroded primary laterals bear clusters of four secondaries
(arrow). Thin section RR3113, ×14.

Fig. 14. Two transversal sections, showing the presence of third order laterals at bottom of the picture. Thin section RR3124,
×13.
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PLATE 2
All specimens are from the type-level of Linoporella buseri RADOI^I].

Fig. 1. Linoporella buseri RADOI^I]. 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, ×16.

Fig. 2. Linoporella buseri RADOI^I]. 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, ×27.

Fig. 3. Linoporella buseri RADOI^I]. Oblique section of a small specimen with three orders of relatively thick laterals.
Thin section RR3138, ×27.

Fig. 4. Linoporella buseri RADOI^I]. Transversal section of a large specimen. Although bioeroded, third order laterals
(arrow) are present. Thin section RR3132, ×18.

Fig. 5. Linoporella buseri RADOI^I]. 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, ×20.

Fig. 6. Linoporella buseri RADOI^I]. 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, ×16.

Fig. 7. Linoporella buseri RADOI^I]. 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, ×25.

Fig. 8. Linoporella buseri RADOI^I]. 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, ×28.

Fig. 9. Oblique section of a piece of Dinarella ? sp. Thin section RR3105, ×30.

Fig. 10. 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, ×30.

Fig. 11. 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, ×17.

Fig. 12. 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, ×12.

Fig. 13. Oblique section questionably corresponding to the capitulum-shaped head of Palaeodasycladus ? sp. 1. Note the
wide axial cavity. Thin section RR3144, ×11.

Fig. 14. Transversal section of Palaeodasycladus ? sp. 1. Thin section RR3144, ×12.
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Introduction

The mountain massif of ^emernica extends over more
than 50 km2. 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 ^emernica in western Serbia
is an area of 581 km2 in the municipality of Nova Varo{,
Zlatibor District. The size of the exploration area was
greater than 50 km2. The ^emernica Massif encompass-
es many heights within the elevation range from 1000 m
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to 1500 m, precisely from 1072 m ([titkovo 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.

Research Concept and Methods

The steps of the geological and hydrogeological inves-
tigations in the ^emernica 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
^emernica Mountain Massif.

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

• Spatial delineation of aquifers.
• Establishment of groundwater occurrence, mo-

vement and discharge.
• Interpretation of the physical and chemical pro-

perties, gaseous, radioactive and microbial compo-
sitions of the groundwater.

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

• Groundwater control conditions.
The ]ur~i}a and [titkovo 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 ]ur~i}a and [titkovo
Springs was continuous over the year, while that at the
Bursa} and Ku{i}a Springs was periodic.

Geology

^emernica is one of the many carbonate rock areas in
the region of Ivanjica and Golija. It belongs to the Drina–
–Ivanjica fault block (DIMITRIJEVI] & DIMITRIJEVI] 1974),
or the former “inner Palaeozoic zone” (PETKOVI] 1961), or
“Golija Zone” (AUBOUIN 1974). Previous study of geology
of ^emernica 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 ^emernica 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 ^e-
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
Trudova~ka valleys in the area of [titkovo village
(DJOKOVI] 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 ^emernica area, the Kladnica, Biotur-
bate and Ravni Formations are Triassic, and the Diaba-
se-Chert Formation is Jurassic.
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Fig. 1. Geographical location of ^emernica.



Triassic (T1)

Sporadic exposures of continental clastics between
the villages of Bo`eti}i and [titkovo on the ^emerni-
ca SW ridges were identified as the Kladnica Clastics
(NASTI] 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 [titkovo 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 [titkovo village area) as Lower Trias-
sic, based on its few conifer pollen grains.

Bioturbate Formation (T1)

A succession of thin-bedded and shaley clay, identi-
fied as the Bioturbate Formation (DIMITRIJEVI] 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 [titkovo 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).

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

Ravni Formation (T2)

Limestones of the Ravni Formation are most exten-
sive in the ^emernica Mountain Massif, building up a
varied surface topology from mountain peaks to karst
poljes. The fault block of ^emernica 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 ^emernica, while stratified limestones
are recognized only low in the column above springs.

The SW border of ^emernica 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 Ruji{te and Veliko
Polje, which allow percolation of surface water and
groundwater recharge.

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, etc.
Direct contact of Jurassic rocks and limestones of ^e-
mernica is normally tectonic, extending NW of ]ur~i}i.
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 ^emernica: faulting and folding features, litho-
logic variation, and intensity of karstification within the
carbonate rocks extent (unpublished, PAVLOVI] & ^OLI]

et al. 2006).
The photogeological interpretation was initially con-

fined to the carbonate extent of ^emernica and its
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Fig. 3. Photographed thin-section from the Bioturbate For-
mation.

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



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 km2.

The sedimentary rocks that build up ^emernica
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 ^emernica
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
^emernica area are classified into two systems.

The NNE–SSW to E–W systems are particularly
well arranged, sub parallel, cutting through ^emernica
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 ^emernica 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 ̂ emernica 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 ^emernica. 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
^emernica may be the well-exposed large faults in the
strike directions NE–SW to E–W; a complex system on
the western border of ^emernica with the occurrences
of strong springs and a gravity fault in Ze~ko 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 Ruji{te 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 (ρ) 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 ρ indicated a vertical discontinuity or

fault of SW–SE strike direction.
The conclusions based on the geophysical explora-

tion in Ruji{te Polje, ^emernica, 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 (PAVLOVI] & ^OLI] 2006, unpublished).

Fig. 6. Configuration of the geo-
physical sections in Ruji{te 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.

Hydrogeology

The water-bearing rocks of the ^emernica Mountain
Massif are classified by porosity into the following
types (Fig. 9):
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Fig. 7. Deep geoelectric section 1 across Ruji{te Polje.

Fig. 8. Deep geoelectric section 2 across Ruji{te Polje.



• Intergranular aquifer in alluvial deposits of the
Tisovica.

• 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 ^emernica 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 (^emernica, Zlatar, Zlatibor,
Tara, Jadovnik, etc.) 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 ^emerni-
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 [titkovo and
]ur~i}a 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 [titkovo, ]ur~i}a, Bursa} and Ku{i}a. Their
minimum flows vary from 4 l/s to 17.6 l/s ([titkovo
and ]ur~i}a) and from 5 l/s to 10 l/s (Bursa} and Ku{i-
}a). All springs that drain the ^emernica 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 ([titkovo and ]ur~i}a) discharge at
the contact of the two formations and the Middle Trias-
sic limestones of ^emernica. 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 ^emernica Massif was monitored at the
]ur~i}a and [titkovo Springs and intermittently meas-
ured at the Bursa} and Ku{i}a Springs. Gauging stations
were set up for precipitation and hydrologic parameters
at the ]ur~i}a and [titkovo Springs in order to obtain
representative information for a quantitative estimate of
spring flows. The measurements in the ]ur~i}a and [tit-
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 ]ur~i}a and [titkovo Springs (Tab. 1).

The flow data for the ]ur~i}a and [titkovo Springs
were used for an interpretation of the retention proper-
ties of the Triassic limestone aquifer of ^emernica.

Different drainage micro regimes, or drainage coef-
ficients, have respective physical implications. Drainage
coefficients of the order α ~ 10–2 are generally relat-
ed to large karst caverns or fractures, while lower
slopes of the straight lines (α ~ 10–3) indicate slow dis-
charge via smaller fractures, fissures or clastic-filled
karst cavities (KRE[I] 1991).
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Tab. 1. Quantitative parameters for the different springs. 



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 [titkovo 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
(Qmax : Qmin) 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 Qmax:Qmin=1:10). The recession limb of the hydro-
graph indicates two different runoff micro regimens.

The obtained runoff coefficients (α1 = 0.071779 and
α2 = 0.0142) are of the same order of magnitude
(α ~ 10–2), but are different between themselves. The
value of the coefficient α1 indicate higher retentive
properties in one micro regimen and the value of α2
suggests lower retentive properties of karst in the other
micro regimen.

The [titkovo 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 [titkovo Spring
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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 ]ur~i}a 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
α1 indicates a higher, and α2 lower retentive proper-
ties in the former and latter micro regimes, respective-
ly. Intermittent rainfalls were ineffective in affecting
the groundwater runoff regimes.

As with the [titkovo Spring, the maximum to mini-
mum flow ratio (Qmax : Qmin) 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-HCO3) 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/l.

The temperature range of the water is from 6.5° C
in the Ku{i}a Spring to 9.3° C in the [titkovo Spring.
All spring waters in the area may be assigned to the
group of cold waters. Only the water from the Ku{i}a
Spring was below the temperature range 7° C to 12° C,
considered suitable for human consumption (DRAGI[I]

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 µS/cm (Ku{i}a Spring) to 430 µS/cm ([titkovo
Spring).

The mineral matter in the groundwater varied with-
in the range from 225.56 mg/l (Ku{i}a Spring) to
290 mg/l ([titkovo Spring). According to this parame-
ter, the tested samples were low-mineralized groundwa-
ter.

The total hardness range was from 11.20° dH (Ku-
{i}a 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 Cl–
and SO4

2– ions.
Sodium and Potassium (Na++K+). The sum of the

sodium and potassium ion concentrations varies from
0.76 mg/l (]ur~i}a Spring) to 9.96 mg/l (Ku{i}a
Spring), the highest being in the latter spring. 

Calcium (Ca2+). The dominant cation in the spring
waters was the calcium ion, Ca2+. 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
(]ur~i}a Spring) to 86.4 mg/l ([titkovo Spring).

Magnesium (Mg2+). The magnesium ion concentra-
tions, much lower than those of calcium, in the spring
water varied from 1.22 mg/l (Ku{i}a Spring) to 4.26 mg/l
(Bursa} Spring).

Hydrocarbonates (HCO3
–). All the tested water

samples were in the Alekin Hydrocarbonate Class.
Concentrations of dominant hydrocarbonate HCO3

– ion
were within the range from 97 mg/l (]ur~i}a and
[titkovo Springs) to 251.94 mg/l (Ku{i}a Spring).
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Fig. 10. Analysed recession limb of the [titkovo Spring
hydrograph for the runoff period from 30 August 2006 to 9
January 2007.

Fig. 11. Analyse of the recession limb of the ]ur~i}a Spring
hydrograph for the runoff period from 1 July to 16 October
2008.



Sulphates (SO4
2–). The sulphate concentrations were

very low, from 2 mg/l (]ur~i}a Spring) to 7 mg/l (Bur-
sa} Spring).

Chlorides (Cl–). Like the sulphates, the chloride con-
centrations in the spring water samples were very low,
varying from 1 mg/l (]ur~i}a Spring) to 12.76 mg/l
(Bursa} Spring).

Nitrates (NO3
–). The nitrate concentrations were

very low, far below the maximum allowed concentra-
tion. A nitrate ion (NO3

–) concentration of 5.2 mg/l
was detected in the [titkovo Spring water.

Generally, the samples from all springs in the area
were of the calcium hydrocarbonate Class, Ca-HCO3,
with a mineral matter content below 300 mg/l. 

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.

Conclusions

Geological and hydrogeological explorations in the
^emernica 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 ]ur~i}a and [titkovo 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 Ku{i}a 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 ^emernica 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 ^emernica 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 (Qmin 4 to 43.6 l/s; Qmax 10 to
495 l/s).

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

The ]ur~i}a 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
^emernica Mountain Massif.
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Rezime

Geologija  i hidrogeologija i planinskog
masiva ^emernice, zapadna Srbija

Geolo{ko-hidrogeolo{ka istra`ivawa planin-

skog masiva ^emernice su trajala od 2005. godine

do 2008. godine. Istra`ivawa su metolodolo{ki

bila podeqena u nekoliko faza sa primenom punog

obima terenskih, laboratorijskih i kabinetskih

metoda, ukqu~uju}i faze hidrogeolo{kog rekogno-

scirawa i kartirawa terena. 

Re`im podzemnih voda koje se dreniraju na ]ur-

~i}a vrelu i [titkovom Vrelu, pra}en je kontinu-

alno u periodu od godinu dana, ta~nije od 01. 05. 2006.

do 01. 05. 2007. godine. Na vrelu Bursa} i Ku{i}a

vrelu vr{ena su periodi~na osmatrawa kvantita-

tivnih i kvalitativnih svojstava podzemnih voda.

Tokom tog perioda pra}eni su re`imski para-

metri poput dnevnih suma padavina, izda{nosti i

temperature podzemnih voda koje se dreniraju na

ovim vrelima, kao i kvartalno odre|ivawe para-

metara fizi~ko-hemijskog sastava ovih voda (4

kompletne analize "V" obima). Na osnovu ovako

postavqenog koncepta zakqu~uje se slede}e:

– Planinski masiv ^emernice u geotektonskom

smislu pripada Unutra{wim Dinaridima zapadne

Srbije i izgra|en je od stena paleozojske i mezozo-

jske starosti.

– Analiza tektonskog sklopa, vr{ena metodama

daqinske detekcije ukazala je na postojawe dva

dominantna pravca ruptura SSI–JZZ do I–Z. Ove

rupture seku celu ^emernicu, a prema istoku pru-

`awe im se nastavqa i u permotrijaskim ili kar-

bonskim sedimentima. Prema wihovom morfolo{-

kom izrazu na povr{ini terena, mo`e se pret-

postaviti da je prvi sistem zna~ajniji za cirku-

laciju podzemnih voda.

– Karstni tip izdani formiran u okviru sred-

wotrijaskih kre~waka je dominantan na podru~ju

istra`ivawa. 

– Karstni tip izdani formiran je u okviru otvo-

rene hidrogeolo{ke strukture, gde su poznate zona

prihrawivawa i zona isticawa. 

– Izvori koji dreniraju karstni tip izdani karak-

teri{u se zna~ajnom izda{no{}u (Qmin = 4–43.6 l/s,
Qmax = 10–495 l/s).

– Sredwa mese~na temperatura vode kretala se

od 8.5° C do 9.9° C. 

– Izvorske vode "]ur~i}a vrela" su malominera-

lizovane vode sa mineralizacijom od 0.2 do 0.3 g/l,
hidrokarbonatne klase-kalcijumske grupe sa tem-

peraturom u opsegu 8.6–9.7° C. 

– Rezultati dobijeni geolo{ko-hidrogeolo{-

kim istra`ivawima ukazali su na zna~ajan poten-

cijal podzemnih voda koje se mogu koristiti za

razli~ite potrebe (vodosnabdevawe, ribwaci,

fla{irawe, mini hidroelektrane).

Rezultati dobijeni ovim istra`ivawima pred-

stavqaju prva detaqnija istra`ivawa ovog tipa na

planinskom masivu ^emernice.
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Introduction

Soil in the terrain is often considered saturated, even
when it is actually above the ground water level and

with a natural water content, i.e., it is, in fact, unsatu-
rated. Unsaturated soil is the soil mostly subject to ma-
tric suction or with the presence of a negative pore-wa-
ter pressure. There are numerous types of soil in engi-

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

central Serbia

GORDANA D. HAD@I-NIKOVI]
1

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 c’ and ϕ ‘ 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.

Apstrakt. Nadizdanska zona u pra{inastim lesnim sedimentima u podru~ju Beograda mo`e da bude

debqine 5–10 m. U ovoj nadizdanskoj zoni postoji matri~na sukcija (negativni porni pritisak). Osnovno

svojstvo nezasi}enog tla – matri~nu sukciju bi trebalo ukqu~iti u laboratorijska ispitivawa nezasi-

}enog tla, ali i geostati~ke analize. Opiti direktnog smicawa ili triaksijalne kompresije nezasi}e-

nog tla su dugotrajni, skupi i podrazumevaju izmenu konvencionalne laboratorijske opreme. Umesto

toga, sve ~e{}e se koristi postupak odre|ivawa nezasi}ene ~vrsto}e tla pomo}u osnovne konstitutivne

zavisnosti nezasi}enog tla vla`nost/sukcija i efektivnih parametara ~vrsto}e zasi}enog tla c’ i ϕ ‘.
U ovom radu su, prvi put kod nas, prikazani rezultati odre|ivawa konstitutivnih zavisnosti efektivni

stepen zasi}ewa/matri~na sukcija, na osnovu laboratorijskih opita drenirawa uzoraka tla pod razli-

~itim pritiscima. Opiti su vr{eni u 15-bar ekstraktoru sa polupropustqivom plo~om prema standardi-

ma ASTM. Opiti drenirawa su sprovedeni na neporeme}enim uzorcima sa o~uvanom i izmewenom pri-

marnom makroporoznom strukturom. Analiziran je i uticaj granulometrijskog sastava i primarne struk-

ture na konstitutivne zavisnosti lesnih sedimenata nadizdanske zone u Beogradu. Dobijeni rezultati

upore|eni su sa rezultatima inostranih istra`iva~a i dobijena su dobra slagawa.

Kqu~ne re~i: ~vrsto}a nezasi}enog tla, matri~na sukcija, lesni sedimenti, karakteristi~na kriva

vla`nosti, granulometrijski sastav, struktura tla.
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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, c’ and ϕ ‘, 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 kN/m3 and the unit
weight with a natural water content is 16.4–20.2 kN/m3.
According to the CASAGRANDE classification, the loess
sediments of the aeration zone are clays with low plas-
ticity, CL, with a liquid limit wl = 24–35 %, a plastic
limit wp = 13–20 %, a plasticity index of Ip = 7–15 %
and a colloidal activity of Kp > 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 Du{ana 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
Deska{eva Street to Aradska Street and south of Milana
Raki}a Street up to Kralja Aleksandra Boulevard. The
terrain is mildly sloping towards the southwest with an
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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 Raki}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/m3 and the unit weight including the
natural water content is γ = 19.0–20.0 kN/m3.

According to the CASAGRANDE classification, the
loess sediments of the aeration zone are medium-plas-
ticity clays, CI, with liquid limit wl =36–39 %, a plas-
tic limit wp = 23 %, a plasticity index Ip = 13–16 %
and a colloidal activity Kp >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 & RAHARDJO 1993). The most
distinctive property of the contractile skin is its ability
to exert a tensile pull. The soil particles are assumed

The influence of the grain-size distribution and soil structure on the unsaturated shear strength of loess sediments in... 85

Table 1. Results of the identification-classification tests.



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 (σ–ua) and matric suc-
tion (ua–uw) 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, (ua–uw)b, the
residual degree of saturation Sres and the pore size dis-
tribution index, λ. These parameters can readily be
visualized if the saturation condition is expressed in
terms of an effective degree of saturation, Se, (Fig. 1):

where: Se is the effective degree of saturation and Sres
is the residual degree of saturation.

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, (ua–uw)b, 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:     

where: (ua–uw)b is the air entry value of the soil and λ
is the pore size distribution index, which is defined as
the negative slope of the effective degree of saturation,
Se, vs. matric suction, (ua–uw), 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, τf, is then eval-
uated by the approach proposed by VANAPALLI et al.
(1996):

τf = c’+(σ–ua)tanϕ’+(ua–uw)tanϕ’Se (3)

where: c’ is the effective cohesion of saturated soil, ϕ’
is the effective angle of shear resistance of saturated
soil, (σ–ua) is the net normal stress and (ua–uw) is the
matric suction.

The unsaturated shear strength parameter, ϕb, 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):

tanϕbfn(ua–uw) = Setanϕ’ (4)

where: ϕbfn(ua–uw) is the unsaturated shear resistance
for changes in the matric suction (ua–uw).

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, Se vs. matric suction, (ua–uw),
curves;

– the unsaturated shear strength, τf, vs. matric suc-
tion, (ua–uw), curves; 

– the changes of unsaturated shear resistance ϕb with
matric suction, (ua–uw).

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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(1)

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

(2)



sures in a pressure plate extractor, according ASTM
(1993), standards D2325-68 and D3152-72. The friction
angle ϕ b was also determined in dependence on the
matric suction (HAD@I-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, c’ and the effective angle of shear resistance, ϕ’,
of saturated soil are also performed. For undisturbed sam-
ples of loess soil with a natural water content, the fol-
lowing results were obtained: c’ = 20 kPa and ϕ’ = 24°
for loess; c’ = 37 kPa and ϕ’ = 23° for paleoelluvial
loess soil and c’ = 10 kPa and ϕ’ = 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, Se, vs. the matric suction, (ua–uw), curve, Eqn.
(2); the unsaturated shear strength, τf, vs. the matric
suction, (ua–uw), curve, Eqn. (3), and the friction angle,
ϕb, in dependence on the matric suction, (ua–uw), 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.

For eight different values of the matric suction from
20 to 1300 kPa, the obtained values for the degree of
saturation were: Sr = 0.11–0.43 for macroporous loess;
Sr = 0.39–0.72 for paleoelluvial loess soil and 
Sr = 0.26–0.55 for sandy loess sediments. 

The value of the residual degree of saturation was
the lowest for the macroporous loess, Sres = 0.11, while
the values of Sres 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, ϕb, slowly decreased for
soil samples with a larger residual degree of saturation.

For values of the matric suction, (ua–uw), between
20–50 kPa, the angles of unsaturated shear resistance,
ϕb, were 16°–8°, 20°–12° and 11°–7° for macroporous
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Fig. 2. Effective degree of saturation vs. matric suction for
macroporous loess soil.

Fig. 3. Unsaturated shear strength vs. matric suction for ma-
croporous loess soil.

Fig. 4. Unsaturated shear resistance with changes in matric
suction for macroporous loess soil.



loess soil, paleoelluvial loess soil and sandy loess sed-
iments, respectively. It was observed that the draining
occurred very fast for macroporous soils.

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, ϕb, 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, Se, vs. the matric suction, (ua–uw), curve, Eqn.
(2); the unsaturated shear strength, τf, vs. the matric
suction, (ua–uw), curve, Eqn. (3), and the friction angle,
ϕb, in dependence on the matric suction, (ua–uw), 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. 5. Effective degree of saturation vs. matric suction for
sandy loess soil.

Fig. 6. Unsaturated shear strength vs. matric suction for
sandy loess soil.

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

Fig. 8. Effective degree of saturation vs. matric suction for
destroyed loess soil.

Fig. 9. Unsaturated shear strength vs. matric suction for
destroyed loess soil.

Fig. 10. Unsaturated shear resistance with changes in matric
suction for destroyed loess soil.



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. 

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

uration were: Sr = 0.46–0.95 for the destroyed loess soil
and Sr = 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, Sres = 0.35–0.58.

For values of the matric suction (ua–uw) = 20–50 kPa,
the angles of unsaturated shear resistance, ϕb 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 Ip. VANAPALLI &
FREDLUND (1999) suggested the following equation for
determining the unsaturated strength:

τf = [c’+(σn–ua)tanϕ’]+ (ua–uw)Θ K(tanϕ’)    (5)

where: K is a fitting parameter for the predicted and
measured unsaturated shear strength and Θ = w/ws,
where w is the water content after draining under a cer-
tain value of matric suction, (ua–uw) and ws 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, Ip (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 Ip 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 Ip 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.

The influence of the grain-size distribution and soil structure on the unsaturated shear strength of loess sediments in... 89

Fig. 11. Effective degree of saturation vs. matric suction for
clayey loess soil.

Fig. 12. Unsaturated shear strength vs. matric suction for
clayey loess soil.

Fig. 13. Unsaturated shear resistance with changes in matric
suction for clayey loess soil.



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, Se, vs. matric suction, (ua–uw), curves, unsaturated
shear strength, τf, vs. matric suction (ua–uw), relations
and the changes in the unsaturated shear resistance, ϕb,
for changes in the matric suction (ua–uw). 

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

the same normal stress and the
same matric suction, soil sam-
ples with larger degree of sat-
uration have a higher unsatu-
rated shear resistance. Macro-
porous loess and sandy loess
soil with a retained primary
structure and large pores exhib-
ited very fast draining with
increasing values of the matric
suction; hence the rate of the
unsaturated shear resistance de-
creased very fast and abruptly.
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.

Acknowledgements

I wish to express my most sincere thanks to the review-
ers, KIRIL ANGELOV (University of Mining and Geology „St.
Ivan Rilski“, Sofia) and @ELJKO ARBANAS (Faculty of Civil
Engineering, Rijeka) for their critical reading of the manu-
script and useful suggestions. I am especially thankful to
BO[KO GAJI] (Faculty of Agriculture, Belgrade) for his pa-
tience and great help in the pressure plate extractor experi-
ments (15 bar Pressure Plate Extractor 1500 – Soilmoisture
Equipment Corporation, Santa Barbara, California), which
were performed in the Laboratory for Soil Physics in the Fa-
culty of Agriculture in Belgrade. Thanks also go to my dear
colleagues, SLOBODAN ]ORI] and LASLO ^AKI (Laboratory
for Soil Mechanics in the Faculty of Mining and Geology,
Belgrade) for their academic support and laboratory facili-
ties. Many thanks to Lidija Beko (Faculty of Mining and
Geology, Belgrade) who helped me unselfishly and checked
the English language.

References

ASTM. 1993. American Society of Testing Materials: Test
method for capillary-moisture relationships for coarse and
medium-texture soils by a porous-plate apparatus. ASTM
D2325-68, D 3152-72. In Annual book of ASTM stan-
dards, 4.08: 301–306.

FREDLUND, D.G., MORGENSTERN, N.R. & WIDGER, R.A.
1976. The shear strength of unsaturated soils. Canadian
Geotechnical Journal, 13: 261–275.

FREDLUND, D.G., & RAHARDJO, H. 1993. Soil mechanics for
unsaturated soils. 517 pp., Wiley & Sons, New York. 

GORDANA D. HAD@I-NIKOVI]90

Fig. 14. The relationship between the fitting parameter and the plasticity index
(VANAPALLI & FREDLUND 2000).



FREDLUND, D.G., XING, A., FREDLUND, M.D. & BARBOUR,
S.L. 1996. The relationship of the unsaturated soil shear
strength function to the soil-water characteristic curve,
Canadian Geotechnical Journal, 33: 440–448.

HAD@I-NIKOVI], G. 2005. Constitutive relations of unsaturated
soils Belgrade terrain. Unpublished PhD dissertation, 247 p.,
Faculty of Mining and Geology, University of Belgrade.

VANAPALLI, S.K., FREDLUND, D.G., PUFAHL, D.E. & CLIFTON,
A.W. 1996. Model for the prediction of shear strength
with respect to soil suction. Canadian Geotechnical Jour-
nal, 33: 379–392.

VANAPALLI, S.K. & FREDLUND, D.G. 1999. Empirical proce-
dures to predict the shear strength of unsaturated soils. In:
HONG, J. (ed), Eleventh Asian Regional Conference on
Soil Mechanics and Geotechnical Engineering, 93–96,
Balkema, Rotterdam.

VANAPALLI, S.K. & FREDLUND, D.G. 2000. Comparison of
different procedures to predict unsaturated soil shear
strength, Geo Denver, American Society of Civil Engine-
ering, Special Publication, 99: 195–209.

Rezime

Uticaj granulometrijskog sastava i
strukture tla na nezasi}enu ~vrsto}u
lesnih sedimenata u Beogradu, centralna
Srbija

Nadizdanska zona na odre|enim lokacijama u

podru~ju Beograda ima zna~ajnu debqinu, 5–10 m. U

woj postoje negativni porni pritisci ili mat-

ri~na sukcija, koja pove}ava ~vrsto}u nezasi}enog

tla. Prilikom re{avawa odre|enih geotehni~kih

problema, koji se manifestuju iznad nivoa podzem-

ne vode, kao {to su problemi plitkog fundirawa,

odre|ivawa aktivnog pritiska tla, stabilnosti

vertikalnih iskopa ili kosina sa kliznom povr-

{inom iznad nivoa vode, trebalo bi uva`avati

principe mehanike nezasi}enog tla, a metode is-

tra`ivawa i laboratorijskih ispitivawa, kao i

geostati~ke analize, uskladiti sa realnim teren-

skim uslovima, dakle uz uva`avawe postojawa ne-

gativnih pornih pritisaka u tlu.

Laboratorijska ispitivawa ~vrsto}e nezasi}e-

nog tla opitima direktnog smicawa ili triaksi-

jalne kompresije su dugotrajna i skupa i zahtevaju

modifikovawe konvencionalne laboratorijske op-

reme. Zbog toga se ~vrsto}a smicawa nezasi}enog

tla sve vi{e odre|uje posredno, preko krivih zavis-

nosti vla`nost/matri~na sukcija i efektivnih pa-

rametara ~vrsto}e smicawa zasi}enog tla c’ i ϕ’.
U radu su prikazani i analizirani rezultati

drenirawa uzoraka tla, u ekstraktoru sa polupro-

pustqivom plo~om pod razli~itim veli~inama

matri~ne sukcije. Po prvi put kod nas, na osnovu

opita drenirawa pod razli~itim pritiscima,

uspostavqene su krive zavisnosti efektivni ste-

pen zasi}ewa/matri~na sukcija i na osnovu wih i

efektivnih parametara ~vrsto}e zasi}enog tla, c’
i ϕ’, uspostavqene zavisnosti nezasi}ena ~vrsto}a

tla/matri~na sukcija. Tako|e, odre|ene su zavis-

nosti veli~ine nezasi}ene otpornosti na smicawe

ϕb od matri~ne sukcije.

Laboratorijska ispitivawa su vr{ena na pri-

rodnim neporeme}enim uzorcima nadizdanske zone

sa o~uvanom i izmewenom primarnom strukturom.

Na taj na~in je analiziran uticaj pojedinih ~ini-

laca, a pre svega granulometrijskog sastava i pri-

marne strukture tla, na konstitutivne zavisnosti

nezasi}enih lesnih sedimenata. 

Pove}awe ~vrsto}e smicawa usled postojawa

matri~ne sukcije zavisi od brzine drenirawa tla.

Za isti normalni napon i istu matri~nu sukciju,

uzorci koji imaju ve}i efektivni stepen zasi}ewa

imaju ve}u ~vrsto}u.

Makroporozni les i peskoviti les u prirodnom

stawu imaju velike pore, me|usobno povezane i po-

kazuju veoma brzo drenirawe sa pove}awem sukcije,

tako da veli~ina ugla ϕb vrlo brzo i naglo opada,

jer se drenirawe obavqa veoma brzo. Sa smawewem

veli~ine zrna i veli~ine pora u tlu, brzina desa-

turacije opada.

Granulometrijski sastav tla zna~ajno uti~e na

oblik krive vla`nost/ matri~na sukcija. Pove}a-

wem veli~ine zrna u tlu, opada uticaj veli~ine

matri~ne sukcije na nezasi}enu ~vrsto}u. Za uzor-

ke makroporoznog lesa, me|utim, zna~ajnija je we-

gova struktura, veli~ina pora i wihova me|usobna

povezanost od granulometrijskog sastava. Zbog

svoje cevaste strukture, makroporozni les ima naj-

ni`i stepen zasi}ewa za istu veli~inu matri~ne

sukcije, u pore|ewu sa ostalim, ~ak i krupnozrni-

jim tlom, npr. peskoviti lesom.

Krive zavisnosti efektivni stepen zasi}e-

wa/matri~na sukcija padinskih izmewenih lesnih

sedimenata potvr|uju promewenu strukturu u odno-

su na lesne sedimente o~uvane primarne strukture.

Krive zavisnosti ovih sedimenata su iznad krivih

zavisnosti neizmewenih makroporoznih lesnih

sedimenata, dakle tlo sa ve}im u~e{}em krupno-

zrnije frakcije pokazuje strmiju krivu zavisnosti

vla`nost/ matri~na sukcija od tla sa ve}im u~e{-

}em glinovite, sitnozrnije frakcije. 

Uzorci izmewenog padinskog lesa sa lokacije Bu-

levar Kraqa Aleksandra imaju sporije opadawe ugla

ϕb, jer se drenirawe obavqa znatno sporije u odnosu na

neizmewene lesne sedimente o~uvane strukture.

Uticaj matri~ne sukcije na nezasi}enu ~vrsto-

}u,  ϕb, ve}i je za mawe veli~ine matri~ne sukcije,

pri ve}em stepenu zasi}ewa. Nakon odre|ene veli-

~ine matri~ne sukcije, ~vrsto}a nezasi}enog tla

po~iwe naglo da pada.

Dobijeni rezultati upore|eni su sa rezultatima

inostranih istra`iva~a i dobijena su dobra slagawa.
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Marta 2005. godine potpuno neo~ekivano premi-

nula je Mileva Sladi}-Trifunovi}, redovni pro-

fesor Rudarsko-geolo{kog fakulteta u penziji i

istaknuti srpski in`ewer geologije i paleonto-

log. Kao pedagog i nau~nik ostavila je za sobom

izuzeno duboke tragove.

Ro|ena je u Pu~i{}u na ostrvu Bra~u 4. novem-

bra 1930. godine. Otac, \uro Sladi} bio je slu`-

benik a majka Qubica, ro|ena Vidovi}, doma}ica.

Rano detiwstvo provela je u rodnom mestu na os-

trvu. Od 1937. `ivela je s roditeqima u ^a~ku, gde

je zavr{ila osnovnu {kolu i @ensku gimnaziju. U

jesen 1949. upisala se na Geolo{ki fakultet Teh-

ni~ke velike {kole u Beogradu na kojem je i diplo-

mirala 1956. sa sredwom ocenom 9,6. O tim studija-

ma, ispitima i profesorima ~esto i s odu{evqe-

wem je pri~ala jer su te godine ostavile na wu

sna`ne utiske.

Avgusta 1956. postavqena je za saradnika (u zva-

wu pripravnika profesora sredwe {kole) na Kate-

dri za geologiju i paleontologiju Geolo{kog fa-

kulteta u Beogradu. Zadatak joj je bio da rukovodi

ve`bawima studenata iz predmeta Paleontologija

i u~estvuje u izvo|ewu terenske nastave. Ovi po-

slovi su bitno uticali na formirawe wenog peda-

go{kog iskustva i budu}eg nastavni~kog profila. 

U jesen 1961. izabrana je za predava~a za predmet

Paleontologija na Rudarsko-geolo{kom fakulte-

tu u Beogradu. Izvodila je celokupnu teorijsku i

prakti~nu nastavu iz tog predmeta. Reizabrana je

1966. i 1977. godine ali tada ve} na Katedri za pa-

leontologiju integrisanog Geolo{kog odseka Ru-

darsko-geolo{kog fakulteta. U tom zvawu je osta-

la sve do 1981. godine. Tokom dve decenije predava-

la je razne kurseve paleontologije i delove tog

predmeta. Osim toga, napravila je programe, pri-

premila je i odr`avala predavawa i ve`bawa iz

potpuno novih kurseva: Op{ta paleontologija i

Mikropaleontologija. Pripremaju}i se za taj oz-

biqan i zama{an posao prou~ila je organizaciju

nastave iz Mikropaleontologije na Sorboni u Pa-

rizu 1974. godine. 

Godine 1980. odbranila je doktorsku disertaciju

pod naslovom “Paleontolo{ke karakteristike i

biostratigrafski zna~aj rudistnog senonskog roda

Pseudopolyconites Milovanovi}” na Rudarsko-geolo{-

kom fakultetu u Beogradu.

Za docenta, za predmet Op{ta paleontologija

izabrana je 1981., za vanrednog profesora 1983. a za

redovnog 1989. godine. Uz to predavala je i znatan

deo Mikropaleozoologije. Penzionisana je 1996.

godine. Od 1993. godine bila je {ef Katedre za pa-

leobotaniku. Preminula je 29. marta 2005. usled

apopleksije u Beogradu i sahrawena u porodi~noj

grobnici na Novom grobqu. 

Kao nastavnik unosila je u svoja predavawa sa-

vremena shvatawa i metode, mnogo truda i entuzija-

zma pa se razvila u besprekornog pedagoga. Studen-

ti su sa neskrivenim interesovawem pratili wena

predavawa, aktivno u~estvovali u wima i sa zado-

voqstvom raspravqali o onome {to su nau~ili.

Posebne napore ulagala je u rad sa studentima di-

plomcima. Izvela je trideset i pet generacija stu-

denata Rudarsko-geolo{kog fakulteta. 

Radi unapre|ewa i upotpuwavawa svojih znawa

iz paleontologije rudista i mikropaleontologije

boravila je u vi{e navrata u inostranstvu na stu-

dijskim putovawima. Tako je 1959. i 1966. prou-

IN MEMORIAM

Prof. dr Mileva Sladi}-Trifunovi}
(1930–2005)
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~avala na Sorboni i na Visokoj rudarskoj {koli u

Parizu ~uvene, klasi~ne zbirke rudista i upore|i-

vala na{u i francusku rudistnu faunu. Godine

1974. studirala je holotipove rudista u Gracu, Be-

~u, Frajburgu, Bonu, Amsterdamu, Parizu i Trstu.

Uz to se bavila i zbirkama makroforaminifera u

Be~u i Parizu.

Istra`iva~ki posao zapo~ela je jo{ kao apsol-

vent tokom izrade svog diplomskog rada o veoma

specijalizovanom rudistnom rodu Pseudopolyconites
Milovanovi}. O tome je objavila rad 1957. Zatim, u

toku svog dugogodi{weg rada, postigla je veoma

zna~ajne rezultate, koje je publikovala u renomi-

ranim doma}im i inostranim ~asopisima ili ih je

prikazivala na doma}im i me|unarodnim skupovi-

ma. Radila je na razli~itim problemima ali se me-

|u wenim dostignu}ima  na prvom mestu nalaze is-

pitivawa senonskih rudistnih fauna Srbije,

zatim drugih delova biv{e Jugoslavije, Italije i

Austrije. Po zna~aju naro~ito se isti~e wena dok-

torska disertacija ali i niz ~lanaka o celokupnoj

paleontolo{koj problematici pseudopolikonita,

koje je ona podigla u rang familije.

Posledwe dve decenije svoja prou~avawa senon-

skih rudista sintetizovala je u prikazima wihove

paleobiogeografije u Tetisu. Pri tome, izdvaja-

wem niza rudistnih provincija izvela je veoma

zanimqive i logi~ne paleogeografske rekon-

strukcije mla|eg senona Sredozemqa. Ovi potpuno

originalni radovi imaju i {iri me|uregionalni

zna~aj. Uspe{no se bavila, me|utim, i drugim pro-

blemima kao {to su paleontologija i biostrati-

grafija konodonata iz trijasa i makro- i mikrofo-

raminifera iz gorwe krede.

Kao nau~ni radnik ispoqila je osobine istra-

`iva~a znatne posve}enosti i priqe`nosti, upa-

dqive savesnosti, odgovornosti i velike invenci-

je kako po metodama kojima se slu`ila tako i po

kompleksnosti problematike koju je obra|ivala.

Objavila je stotinak radova ~ija bibliografija je

{tampana u “Zapisnicima Srpskog geolo{kog

dru{tva” za 2005. godinu (str. 85-91).

Sa referatima ili bez wih u~estvovala je na

gotovo svim Kongresima geologa Jugoslavije, zatim

na simpozijumima Dinarske asocijacije i na nizu

sedimentolo{kih skupova u zemqi i inostranstvu.

Referate je podnosila i na Me|unarodnim geolo{-

kim kongresima u Moskvi (1984) i Firenci (2004);

zatim na Simpozijumu o periadrijatskim karbo-

natnim platformama (Trst, 1987), Simpozijumu o

ekologiji i paleoekologiji bentoskih zajednica

(Sorento, 1988) i dr. Bila je delegat Saveza geo-

lo{kih dru{tava Jugoslavije na Me|unarodnim

geolo{kim kongresima u Pekingu (1996), Rio de

@eneiru (2000) i u Firenci (2004). 

Inicirala je i organizovala Prvu internacio-

nalnu konferenciju o rudistima u Beogradu, 1988.

Na tom skupu je izabrana za predsednika novoosno-

vane Radne grupe za rudiste u okviru Internacio-

nalne paleontolo{ke unije. Posle, na skupovima

te grupe u Italiji (1991), Meksiku (1993) i u Fran-

cuskoj (1996) kao predsednik zna~ajno je doprinela

uspe{nosti i kontinuitetu rada ovog tela. Uz ve-

liku upornost i mnoge komplikacije bila je i na

posledwem Kongresu ove Radne grupe u Hrvatskoj.

Naro~ito treba istaknuti wen rad u Srpskom

geolo{kom dru{tvu u kome je bila agilan ~lan (od

1956), sekretar (1981–1985) i predsednik (1987–1991).

Za to Dru{tvo u~inila je veoma mnogo a osobito

kada je ono usred zime (1998-1999) bilo prakti~no

izba~eno na ulicu od strane tada{weg rukovodstva

Ekonomskog fakulteta podr`anog nasilni~kim

pona{awem nekih politi~ara. U toj izuzetno te{-

koj situaciji obezbedila je prostorije za sme{taj

Dru{tva i prenela u wih sav inventar i bibliote-

ku. Uporno je prikupqala finansijska sredstva za

rad Dru{tva. Modernizovala je izgled i strukturu

“Zapisnika SGD”. Odlu~no se zalagala za odr`a-

vawe zborova Dru{tva i za aktivirawe i okupqa-

we ~lanstva. Devedesetih godina organizovala je i

izvela ~itav niz skupova i okruglih stolova o pro-

blemima i polo`aju geologije u Srbiji, itd. Naj-

zna~ajniji doprinos u radu Dru{tva, me|utim, oba-

vila je u organizaciji obele`avawa sto godina

Srpskog geolo{kog dru{tva. Pripremana sistema-

ti~no i uporno skoro tri godine proslava tog zna-

~ajnog jubileja SGD odr`ana je 30. maja 1991. godi-

ne veoma sve~ano u lepoj sali Srpske akademije

nauka i umetnosti u Beogradu. O tome je ostao op-

{iran trag u “Spomenici” (1992) iz koje }e se i u

budu}nosti qudi obave{tavati o ovom doga|aju. Za

sav svoj doprinos u radu Dru{tva postala je wegov

po~asni ~lan a posle wene smti Dru{tvo joj je

posvetilo posebnu kwigu “Zapisnika” (2006).

Kao predsednik SGD ali i kasnije bila je ~lan

Skup{tine i Predsedni{tva Saveza geolo{kih

dru{tava SFR Jugoslavije i wegov podpredsednik.

Posle raspada druge Jugoslavije bila je predsednik

tog Saveza u tre}oj Jugoslaviji sve do svoje smrti.

Posledwe dve decenije mnogo se bavila i ure|i-

vawem publikacija. Kao glavni i odgovorni ured-

nik spremila je i objavila niz izdawa visokog kva-

liteta. Tako, na primer, Izabrane radove Brani-

slava Milovanovi}a, materijale sa Prve konfe-

rencije o rudistima (“The Rudists”), ~etiri kwige

“Zapisnika SGD”, “Spomenicu 100 godina SGD” i

dve kwige Nikole Panti}a. Sve te kwige dobile su

veoma mnogo u wihovom kvalitetu ba{ zahvaquju}i

pedantnom lektorskom i korektorskom radu gla-

vnog i odgovornog urednika. U tom poslu nije `a-

lila ni vreme ni napore.

@ivot, na `alost, nije joj bio naro~ito naklo-

wen. Prolazila je, kao ~ovek i nastavnik, kroz

mnoge probleme, te{ko}e, {ikanirawa, prepreke,

nerazumevawa i unapred skovane zavere. Zahvaqu-

ju}i svom sna`nom duhu, upornosti, iskrenoj po-
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sve}enosti poslu i ogromnoj radnoj energiji ona je

sve to savladavala i iz tih neda}a izlazila kao

preporo|ena. U tome su joj posebno pomagali veli-

ki optimizam i nepokolebqiva vera u boqu bu-

du}nost. 

Ostala je me|u savremenicima upam}ena kao

odli~an i omiqen u~iteq, ugledan nau~nik, odgo-

voran radnik, prijatan sagovornik, cewena kolegi-

nica, iskren i pouzdan prijateq a iznad svega –
markantna dama.

Neka je hvala za sve {to je uradila i slava Mile-

vi Sladi}-Trifunovi}. 

Aleksandar Grubi}
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