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The paper provides a description of the poorly known Upper Nummulitic Limestones exposed in
the North Dalmatian foreland basin of the Outer Dinarides in Croatia. This formation originated on a
land-attached ramp-type platform with a temperate sediment production. It transgressively overlies
older platform limestones and includes limestones deposited in very shallow, restricted settings, whi-
ch subsequently evolved into carbonate platform environments typified by diversified biota. The su-
ccession terminated at a drowning unconformity, which is intra-Bartonian (Middle Eocene) in age
based on biostratigraphic interpretations of the larger foraminifera present. This study demonstrates
that the history of the carbonate platform of the Outer Dinarides extends into the Bartonian and that
the studied limestones document the youngest, hitherto unknown stage in the platform development.
The SW margin of the Upper Nummulitic platform was dissected by faults and prone to collapse,
which represented the source for megabreccias deposited in an adjacent basin. This platform-basin
system represents a new element in the sedimentary and tectonic evolution of the Dinaric foreland.

Key words: carbonate platform, drowning unconformity, foreland basin, megabreccias, Eocene,
Outer Dinarides

Babi¢, Lj. & Zupanig, J.: Najmladi stadij u razvitku Dinarske karbonatne platforme: Gornji Nu-
mulitni Vapnenci u predgornom bazenu sjeverne Dalmacije, srednji Eocen, Hrvatska. Nat. Croat.,
Vol. 25, No. 1., 55-71, 2016, Zagreb.

Ovaj prilog dobavlja opis slabo poznatih Gornjih Numulitnih Vapnenaca iz sjeverno-dalmatinskog
predgornog bazena Vanjskih Dinarida Hrvatske. Ta formacija nastala je na platformi tipa rampe, koja
je pripadala umjerenoj sedimentacijskoj provinciji. Ona transgresivno nalijeZe na starije platformske
vapnence i pocetno ukljucuje vapnence taloZene u vrlo plitkim, ogranic¢enim uvjetima, a zatim vapnen-
ce s diverzificiranom biotom. Slijed se svrsava tonjenjem (tzv. drowning unconformity), koje se dogo-
dilo unutar Bartonija na sto upucuje biostratigrafija nadenih velikih foraminifera. Ova studija pokazu-
je da se povijest karbonatne platforme Vanjskih Dinarida proteze i u Bartonij, te da prouceni vapnenci
dokumentiraju najmladi, dosad nepoznati stadij u razvitku platforme. Jugozapadni rub Gornjo-numu-
litne platform bio je zasjecen rasjedima i sklon kolabiranju te je pretstavljao izvor za megabrece taloZe-
ne u susjednom bazenu. Taj sustav platforma-bazen pretstavlja novi element za razmatranje taloznog
i tektonskog razvitka Dinarskoga predgorja.

Kljucne rijeci: karbonatna platforma, tonjenje, predgorni bazen, megabrece, Eocen, Vanjski Dinaridi

INTRODUCTION

The outer, SW part of the Dinaric Mountain chain, usually called the Outer Dinarides,
predominantly consists of shallow-marine carbonates deposited during the prolonged-
Late Triassic, Jurassic, Cretaceous and Palaeogene time periods. The character of these
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carbonate deposits reflects the evolution of one of the broadest and thickest carbonate
platforms of the Mediterranean realm. The varied facies, their regional distribution,
individual sedimentary units and stratigraphic gaps, as well as details on successive
palaeogeographic reconstructions and the influence of tectonics on the sedimentary
evolution have already been described in numerous publications (reviews in VLaHOVI¢
et al., 2005 with references; Korsar, 2009 with references). During its Mesozoic to Pala-
eogene evolution the carbonate platform experienced a successive reduction in size best
known along its NE margin (reviews in AusouiN et al., 1970; DRaGICEVIC & VELIC, 2002
with references). The platform underwent important changes towards the end of the
Cretaceous related to an increased influence of tectonic deformation (see discussion in
Vianovic€ et al., 2005); however shallow-marine carbonates were still deposited in the
Palaeogene when platform conditions characterized what is now a wide, long belt along
the Adriatic coast and hinterland. Relevant deposits are mainly represented by well
known Foraminiferal Limestones of Palaeocene to Middle Lutetian age. These limesto-
nes have generally been regarded to represent the last platform carbonates which are
finally overlain by clastics derived from the orogen located NE. The present paper deals
with platform carbonates which overly the Foraminiferal Limestones and reflect a su-
bsequent stage of the carbonate platform history not recognized previously. They are
exposed in the North Dalmatian foreland basin of the Outer Dinarides and have already
been identified as a separate stratigraphic unit and named the Upper Nummulitic Li-
mestones more than 100 years ago (ScHUBERT, 1904, 1905, 1908, 1909). However, their
features and their role in the basin evolution remained poorly known. Even though
their main extent was mapped by ScHUBERT as early as 1909, these strata were not inclu-
ded in a later geological map of the area, nor noted in the explanatory notes by Ivanovic¢
et al. (1973, 1976). They have been reported only as , detrital limestones” and ,, fossilife-
rous limestones” by MuLbinI-Mamuzi¢ (1972) and Majcen & Kororya (1973), when
dealing with the area to the NW of the map presented by ScauserT (1909).The present
contribution describes the characteristics of the Upper Nummulitic Limestones. Special
attention was paid to the top of the platform succession marked by a significant change
in facies. This was used to define the character and position of an important stratigrap-
hic boundary which is intra-Bartonian in age based on new biostratigraphic data. Furt-
hermore, there was a need to describe the relationship with the underlying and overlying
sedimentary units, as well as correlative deposits both parallel and perpendicular to the
NW-SE basin elongation. This served to explain the position of the described carbonate
platform succession and related units within the evolution and stratigraphy of the NW
part of the foreland basin.

GEOLOGICAL SETTING

The examined strata are located within the Palaeogene North Dalmatian foreland
basin of the Outer Dinarides (Fig. 1). The basin is situated within an imbricate-folded
belt bounded on both sides by major thrusts (Fig. 1b). The belt mainly consists of Cre-
taceous to Eocene platform carbonates that overlay heterogeneous, mainly clastic, Pala-
eogene deposits, which formed in a variety of depositional settings, including deep
water, shelf, beach, deltaic and alluvial. It has been proposed that the upper part of the
Palaeogene succession, i.e. the Promina Beds of ScuuserT (1904, 1908, 1909) (Fig. 2, 3),was
deposited in a basin carried piggyback on a large, complex nappe (Korsar, 2009; Mri-
NJEK et al., 2012). The area also contains minor Neogene and Quaternary deposits.
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Fig. 1. Overall situation of the study area. a, Location of the North Dalmatian foreland basin
in the outer part of the Dinaric orogeny in Croatia. Framed area is shown in Fig. 1.b. b, Loca-
tion of the foreland basin (dark grey) within the imbricate-folded belt (light grey) which is
bound by major thrust faults. Structural features are simplified after PrReLocovic et al. (2003,
with references). Framed area is shown in Fig. 2.
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Fig. 2. NW and central parts of the N Dalmatian foreland basin (in grey) with surroundings.
Partly simplified after Saveznt GeoLo$kr Zavop (1970). Three parts of the Promina Beds after
BasiC & ZupraNi¢ (2012). Framed area is shown in Fig. 3A.

The formation of the North Dalmatian Foreland Basin was related to the propagation
of tectonic deformation of the Dinaric orogen towards the SW and related impact of
imposed tectonic load. The early evolution of the basin may be regarded to have begun
with the rise of a forebulge which induced the subaerial exposure of Upper Cretaceous
platform carbonates. This was followed by a transgression and the deposition of an
upward-deepening carbonate ramp succession of Foraminiferal Limestones (Fig. 3B)
(DrOBNE et al., 1991; BaBi¢ & Zuranic, 2008; BasiC et al., 2010) which is 220 m thick (Iva-
Novi€ et al., 1976). The ramp succession is Middle Cuisian to earliest late Lutetian in age



58 Babi¢, Lj. & Zupani¢, J.: The youngest stage in the evolution of the Dinaric carbonate platform

(DrOBNE et al., 1991; Fig. 3) including the topmost , transitional limestones”, which to-
gether with overlying marls reflect the inability of carbonate production to keep pace
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with subsidence (Scuusert, 1905; Ivanovic ef al., 1976; DrosNE et al., 1991; Basi¢ & Zu-
PaNIC, 2008).The following Benkovac Clastic Unit (new name) is a turbiditic to delta-front
succession (BaBi¢ & Zuranic, 2008) of Late Lutetian age (ScauBert, 1905; Ivanovi€ et al.,
1976) overlain by offshore mudstones (Fig. 3B).The succession of ramp limestones, he-
mipelagites and turbidites corresponds to SiNcLAIR's (1997) ,,underfilled trinity” model
of foreland basin evolution. The Benkovac clastics are overlain by the Promina Beds of
ScuuserT (1908, 1909). After MRrinjEeK et al. (2012) and PencINGER (2012) the Promina Beds
have been deposited in small sub-basins originated by the formation of a series of blind-
thrust growth folds within the Promina piggyback basin. The lower part of the Promina
Beds (here: Lower Promina Beds) has been delineated by Ivanovic et al. (1973, 1976) and
later called Korlat Unit (MrinjEK et al., 2012). It started in Bartonian (Beni¢, 1975) and
consists of turbidites and hemipelagites, as well as outstanding carbonate megabreccias
(ZupraNIC & Basi¢, 1980/81; Basi¢ & Zuranic, 1983) (Fig. 3B). A detailed, amply illustra-
ted description of the unit has been provided by MRrinjek ef al. (2012) and PENCINGER
(2012). The overlying deposits are out of the scope of this paper and include turbidites,
tempestites, alluvial deposits, rare shallow-marine limestones and coastal clastics. Re-
levant information about these strata can be found in ZuraniC & Bagi¢ (2011), Basi¢ &
ZUPANIC (2012), MRINJEK et al. (2012) and PeNcINGER (2012), and references therein.

Unlike the succession of the SW part of the basin shortly reviewed above, which is
widely known as typical for the coastal Dinarides and hinterland, the NE part of the
basin displays a different Palacogene succession. The Foraminiferal Limestones (FL) in
this area end at a karstified surface with local bauxites (Sakac, 1961; Ivanovic et al., 1973).
The surface is overlain by the Upper Nummulitic Limestones (UNL) of ScrHuserT (1908,
1909) (Fig. 3C), details of which are the main topic of the present study and are described
below. The same area also contains a younger, Novigrad Cyclic Unit (NCU) which con-
sists of alternating clastic shelf-to-beach segments and limestone segments, and termi-
nates with a condensed horizon (,Middle Promina Beds” of Basi¢ & Zuranic, 2012).
During the Palaeogene there were several tectonic pulses (e.g. Zurani¢ & Basi¢, 2011;
MRINJEK et al., 2012) however, the most important deformation involving the entire Nor-
th Dalmatian foreland basin occurred in Oligocene-Miocene (ScHuBerT, 1905, 1909).

STUDY AREA AND METHODS

The study area corresponds to the NW part of the North Dalmatian foreland basin
(Figs. 2, 3A). Field work included the study of facies, logging and tracing combined with
mapping. The geological map of ScuuserT (1909; Fig. 3A) facilitated a search forappro-
priate exposures, especially near the top of the unit. Depositional facies were examined
in about 120 petrographic thin-sections, which were also used for age determination by
means of larger foraminifera. It must be mentioned that landmines from the Croatian
War of Independence are still present in smaller, isolated parts of the study area.

=

Fig. 3. Geology of the study area. A, Geological map of the NW part of the foreland basin
(partly simplified after ScauserT, 1909). 1 to 11, Studied sections. B, Simplified succession of
the outer part of the basin. C, Simplified succession of the inner part of the basin (FL, Fora-
miniferal Limestones; UNL, Upper Nummulitic Limestones; NCU, Novigrad Cyclic Unit).
For details including age dating in B, see text and other figures. Note that the Lower Promi-
na Beds of Ivanovi¢ et al. (1973, 1976) are not identical to the Lower Promina Beds in Fig. 2.
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SEDIMENTARY UNITS

Deposits underlying the Upper Nummulitic Limestones: Foraminiferal
Limestones (FL)

The FL in the study area are largely similar to the shallow marine FL of the outer, SW
part of the basin described by DrosNE ef al. (1991), however here their upper part is
missing. Also lacking are the transitional facies and overlying deep-water clastics typical
of the outer area, and the top of the FL is here characterized by a karstification surface
(Figs. 3B, 3C, 4). Bienor (1975) reported Lutetian age of the limestones based on larger
foraminifera; however more recent interpretations (e.g. SERRA-KIEL ef al., 1998) indicate
Ypresian and Early Lutetian age. Consequently, the youngest part of the FL is here older
than in the SW area.

Upper Nummulitic Limestones (UNL)
Description

The UNL was identified, mapped and named by Scuusert (1908, 1909) (Fig.3A). Parts
of its extent have also been mapped later (Sakac, 1961; MajceN et al., 1973). The UNL
overlies the karstified top of the FL. Their thickness of about 90 m (Basi¢ & ZuraNic,
2012) refers to section 3 in Fig. 3A, whose lower-middle part displays a few faults. Secti-
ons 2, 3 and 4 (Figs. 3A, 4) do not have the highest part of the unit nor the transition into
the overlying deposits, both of which were examined in sections 1, 5 to 8 and 10 (Figs.
3A, 4). The actual thickness of the unit may therefore be estimated at about 60 to 90 m.

The UNL starts with thin conglomerates containing clasts of the FL and Upper Cre-
taceous limestones. Limestones of the lower part of the unit include wackestones to
packstones (Plate I, Fig. 1) containing common miliolids, Orbitolites, smaller benthic
foraminifera, locally abundant echinoids, and rare solitary corals.The middle part of the
unit (Plate I, Figs. 2-4) is represented by poorly bedded grainstones, packstones and
boundstones, as well as rare wackestones and very rare mudstones. Locally observed
are small coral heads and bushes and small patch reefs or mounds consisting of corals
encrusted by corallinaceans and/or attached foraminifera, and internal filling of vario-
usly textured sediments. Skeletal particles are varied smaller and larger benthic forami-
nifera, corallinaceans (branches and encrustations), encrusting acervulinids and other
attached foraminifera, agglutinated foraminifera, echinoid calcite grains and spines,
bryozoans, corals, gastropods, bivalves, worms and holothurian sclerites. There are
examples of massive occurrence of corallinaceans and/or encrusting acervulinids. Acer-
vulinids commonly display circular and semicircular, ring-like shapes. Also present are
rhodoliths. A small-scale cyclicity seems to be present, but has not been studied further.

The upper part of the UNL (Fig. 4) includes packstones and wackestones which be-
sides the constituents mentioned above, may also contain planktonic foraminifera. Dis-
cocyclina becomes more common, while Orbitolites disappears. Towards the top, wacke-
stones become dominant and mudstones are also present, both of which are characteri-
zed by organically bored skeletal debris (Plate I, Fig. 5), Fe-mineralized skeletal fra-
gments, as well as glauconite which is present within skeletons and rarely as isolated
grains. In addition, a hardground represented by a sharp, irregular, intensely bioturba-
ted surface has been observed close to the top of the unit (section 7 in Fig. 3).

Middle and upper parts of the UNL contain a variety of larger foraminifera: Orbito-
lites, Fabiania, Asterigerina, Discocyclina, Nummulites, Asterocyclina, Actinocyclina, Amphi-
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Fig. 4. Synthetic log of the Upper Nummulitic Limestones. Lines 1 to 8 and 10 refer to secti-
ons (see Fig 3A) used to construct the log (dashed portions of the lines = partly exposed in-
tervals). Underlying the UNL are platform carbonates of the Foraminiferal Limestones;
overlying are deposits of the deeper marine settings. TS, Transgressive surface. DU,
Drowning unconformity. For details see text.

stegina, Operculina, Heterostegina, Sphaerogypsina, Halkyardia minima (L1esus) (Plate II, Fig.
1), Linderina (Plate II, Fig. 3), Rotalia and Orbitoclypeus. Higher in the middle part, as well
as in the upper part there are Eoannularia eocenica CoLe & BERMUDEZ, Borelis vonderschimi-
tti (SCHWEIGHAUSER), Glomalveolina ungaroi Bass1 & BroGL1o LoRr1Ga, Silvestriella tetraedra
(GtmseL) and Biplanispira (Plate II).

Age of the UNL

The association of H. minima (Late Lutetian-Early Oligocene), Linderina (Lutetian-
Bartonian), and Orbitolites (ending in Bartonian) (ages after SErRra-KIEL ef al., 1998; Bou-
DAGHER-FADEL, 2008) indicates a Late Lutetian to Bartonian age for the UNL. E. eocenica
(Late Bartonian-Priabonian: Ozcan et al., 2009; Middle Eocene: BounaGHER-FADEL, 2008),
Biplanispira (Late Bartonian-Priabonian: SERrA-KIEL et al., 1998; Lutetian-Priabonian: Bo-
UDAGHER-FADEL, 2008), B. vonderschmitti and G. ungaroi (Late Bartonian-Priabonian:
SeErrA-KIEL et al., 1998; Bass1 & Lorica BrogLio, 1999) and S. tetraedra (Bartonian: SErRrA-
KiEL et al., 1998) taken together indicate a Bartonian age. These data suggest that the
UNL as a whole is either Late Lutetian and Bartonian, or possibly, entirely Bartonian in
age (Fig. 4).

There are difficulties concerning the use of previous age interpretations, which were
based on former views on taxonomy and biostratigraphy. ScauserT (1904, 1905) first
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suggested a Late Eocene age, and later, a probable late Middle Eocene age of the unit
(ScruBERT, 1909), while the fossils which he cited seemingly correspond to the Bartonian
of the modern stratigraphic scale. MuLbiNnI-Mamuzi¢ (1972) and Ivanovic et al. (1976)
cite a Late Eocene age based on Nummulites and Discocyclina species, and Globigerina
corpulenta. The cited larger foraminifera possibly correspond to those occurring in the
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Bartonian and some of them, in the Priabonian (SErRra-KIEL ef al., 1998), while G. corpu-
lenta (according to the present-day understanding of this species) already occurs in the
Bartonian (TouMARKINE & LUTERBACHER, 1985). In addition, MuLbiNI-Mamuzi¢ (1972)
and Ivanovic et al. (1976) regarded the Bartonian as a part of the Late Eocene in accor-
dance with the stratigraphic classification of KrasENINNTKOV (1965) and this is reflected
in their age determinations (see also KRASENINNIKOV ef al., 1968).

Environmental conditions during the deposition of the UNL

The onset of the UNL deposition resulted from a transgression over the emerged li-
mestone basement composed of FL. Miliolid wackestones and packstones of the lower
part of the unit indicate initially restricted marine conditions (bays, lagoons), while the
diversified biota presents farther upsection suggests a well aerated, healthy carbonate
platform. From time to time, small patch reefs, built by corals and encrusters, proliferated.
The ring-like shapes of acervulinid foraminifera suggest their attachment to stems and
branches of marine plants, i.e. their epiphytic behavior. This indicates the deposition in
rather shallow parts of the photic zone and that seagrass meadows represented an im-
portant component of platform environments. Common and locally massive occurrence
of corallinaceans explains why Scausert (1904, 1905, 1909) sometimes used the alterna-
tive name Lithothamnium Limestones for the UNL. The character of the facies successi-
on from initial flooding to the establishment of the platform suggests its ramp-type
character, and that the transgression was advancing landwards, i.e. towards the NE.

The upper part of the unit, including the appearance of planktonic foraminifera, a
hardground, the dominance of wackestones and mudstones, occurrence of Fe-minera-
lization and glauconite, reflects a lowering of sedimentation rate and a deepening trend.
This was a consequence of the inability of the carbonate production to keep pace with
relative sea-level rise. The contact between these limestones and the overlying mudsto-
nes deposited in deeper water (described below) represents a ,drowning
unconformity” (SCHLAGER, 1989, 1991). In our case, the contact is Bartonian in age as
documented above, which is additionally supported by age determination of the over-
lying unit,which is reported further in the text.

The absence of non-skeletal particles, minor mud component, an almost exclusive
presence of skeletal sand, the dominance of fragmented skeletons, and predominantly
calcite mineralogy are characteristic features of non-tropical carbonates as defined by
NEeLson (1988). In addition, the character of these deposits corresponds to a temperate
sediment province of the ,, Heterozoan Association” as reviewed by James (1997). These
features typically characterize ramp-type platforms, as was the case of the Upper Num-
mulitic Limestones.

Deposits overlying the UNL

Sedimentary evolution following the UNL and the drowning unconformity varies
along strike, i.e. parallel to basin elongation. The facies and thickness that typify the
sedimentary succession to the NW are considerably different from the succession in the
SE parts of the basin.

To the NW the sedimentary succession starts with mudstones containing smaller ben-
thic and planktonic foraminifera (section 1, largely covered in sections 3 and 4; Figs. 3A,
4, 6a, 6b) and continues with a 90 m thick Novigrad Cyclic Unit (NCU) (section 9 in Figs.
3A, 5) described previously as the ,,Middle Promina Beds” (Basi¢ & Zuranic, 2012) (Fig.
2). The cycles consist of alternating coarsening-upward shelf to beach clastic segments,
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Fig. 6. Along strike (NW-SE) correlation of the Upper Nummulitic Limestones (in grey) and
associated deposits. Log a represents sections 1 and 2 in Fig. 3A and 4. Log b includes sec-
tions 3 and 9 in Fig. 3A; the Novigrad Cyclic Unit (NCU) is also shown in Fig. 5. Log cis
based on sections 5 to 8 and 10 in Fig. 3A and 4. The middle-upper part of section 10 is in a
folded area and has not been studied in detail. TS, Transgressive surface. DU, Drowning
unconformity. T/R, Transgressive-regressive turnaround surface. For explanation see text.
Symbols for lithology as in Fig. 5 (bottom).

and shallow-marine limestone segments. The limestones are particularly important be-
cause they contain larger foraminifera used here for age determinations of the UNL. The
limestones include wackestones, packstones and subordinate mudstones with smaller
and larger foraminifera, corallinaceans, bivalves, gastropods, echinoids and corals.
Among larger foraminifera there are Discocyclina, Asterigerina, Nummulites, Assilina, Or-
bitolites, Fabiania and Heterostegina, and also Eoannularia eocenica, Borelis vonderschmitti,
Glomalveolina ungaroi, Halkyardia minima and Silvestriella tetraedra (Plate III). All of them
have been also documented from the underlying UNL, and they indicate a Bartonian
age of at least the lower half of the NCU (references cited above) and presumably of the
entire unit (Fig. 5). The top of the NCU is marked by condensed limestones and a tran-
sition to overlying regressive deposits (Basi¢ & Zurani¢, 2012; T/R in Figs. 5 and 6).

The succession to the SE is represented by about 70 m thick alternation of lime mud-
stones and graded calcarenites (Fig. 6¢; section 10 in Fig. 3A), both of which locally
contain planktonic and smaller benthic foraminifera. Overlying is a 6 m thick debrite-
turbidite layer and more than 30 m thick deposits similar to those from the lower part
of the succession. These deposits indicate a deeper marine setting created by drowning
of the Upper Nummulitic carbonate platform. Overlying strata have not been studied
in detail. According to our reconnaissance data, they consist of about 100 m (including
covered intervals) of mudstones, calcarenites and conglomerates, which are in turn over-
lain by poorly exposed cycles of the NCU (Figs. 3C, 5, 6).
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Using two main bounding surfaces, i.e. the drowning unconformity below and the
transgressive-regressive turnaround surface above, as well as the lateral extent of the
UNL and the NCU, it can be concluded that a considerable part of the SE succession
pinches out laterally in the NW direction (Fig. 6). As both of these bounding surfaces
represent quasi-time lines, this lateral trend resulted from a considerable strike-parallel
difference in subsidence rate during the time of deposition. Lateral differences in com-
position and thickness of sedimentary successions related to synsedimentary tectonic
evolution have already been reported from several parts of the North Dalmatian foreland
basin (Zurani¢ & Basi¢, 2011; Basi¢ & Zuranic, 2012; MRriNjexk ef al., 2012; PENCINGER,
2012), and will be in the focus of our future investigations.

DISCUSSION

Position of the UNL within the basin: stratigraphy and palaeogeography
along the NE-SW traverse

The landward extent of the UNL is indicated by erosional remains of fossiliferous
limestones located to the NE of the main outcrop area of the UNL,which includes a
modest, only 3.5 m thick exposure of shallow-marine limestones (section 11, Fig. 3A,
7C). The limestones overlay the FL and local bauxite deposits, and terminate at an ero-
sional surface covered by younger alluvial clastics (BasiC ef al., 2010). This suggests that
the transgression that resulted in the deposition of the UNL had spread even farther
landward or towards the NE, in the direction the carbonate platform was attached to the
land. The transversal width of the platform was greater than 11 km based on the present-
day distribution of relevant outcrops, assuming a tectonic shortening ratio of 1.5 and a
limited continuation of the UNL towards the SW.

Deeper marine environments adjacent to the platform are envisaged to have been
present to the SW, which means that coeval deposits should be located within the conti-
nuous Palaeogene succession there (Fig. 3B). A good candidate appears to be the Lower
Promina Beds (Ivanovic€ et al., 1973, 1976) (= Korlat Unit of MRrinjek ef al., 2012). Aside
from classical turbidites deposited by longitudinal, NW-directed flows and minor
mudstones, these strata contain intercalations of thick carbonate megabreccias derived
from an adjacent carbonate platform. These megabreccias consist of a lower debris-flow
division deposits including large limestone blocks (up to 200 m in diameter), boulders
and smaller clasts, together with extra-sized intraclasts, varied macrofossils and larger
foraminifera, and an upper turbidite division deposits containing common larger
foraminifera (ZuraNiC & Basi¢, 1980/81; BasiC & Zuranic, 1983). Aside from blocks and
other clasts of the FL there are also large blocks and smaller clasts of coral-corallinace-
an boundstones representing parts of former reefs and mounds, as well as large clasts of
packstones and wackestones rich in corallinaceans and larger foraminifera, and indivi-
dual, large coral heads (op. cit.). It has been suggested that the limestone clasts were mostly
derived from a fault-bounded succession of different Eocene platform carbonates, while
skeletal material came from shallow environments, both located to the NE (Basi¢ & Zu-
PANIC, 1983). In contrast, MRINJEK et al. (2012) and PENCINGER (2012) proposed a derivati-
on of lithoclasts from a rising anticline on the outer, SW side of the basin. However, the
facies of coral-corallinacean boundstones related to reefs and mounds, and thick pack-
stones to wackestones rich in corallinaceans and larger foraminifera, are not known from
the Palaeogene carbonates of the outer side of the basin, while similar facies occur within
the UNLdescribed above. This suggests a sediment supply for the megabreccias from the
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Beds of Ivanovi€ et al. (1973, 1976) (=Korlat Unit of MRriNjEK ef al., 2012) (Figs. 7, 8). Accor-
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dingly, the same trend of relative sea-level rise may have been responsible for both the
transgression that resulted in the UNL deposition to the NE, and in the deepening which
enabled the deposition of offshore mudstones above shallow-marine sandstones in the
SW area of the basin (Fig. 3B). This also implies a similar age of the UNL and the Lower
Promina Beds of Ivanovi€ et al. (1973). However, there may have been a delay in the first
delivery of carbonate detritus to the basin, in which case the onset of the deposition of
the Lower Promina Beds might be younger than the transgression associated with the
UNL deposition. The delay may have been related to the storage of early delivered sedi-
ments in the proximal basin and relative sea-level rise leading to coeval sediment starva-
tion offshore as a consequence of active tectonic loading (e.g. BLAIR & BiLopeau, 1988;
Burns et al., 1997).

Novigrad Cyclic Unit, the basin stratigraphy and short-lived carbonate platforms

The NCU in the study area extends fortens of kilometers across the basin towards the
SE where it separates the underlying (older) from the overlying (younger) Promina Beds

Plate I. Examples of microfacies from the Upper Nummulitic Limestones. 1, Skeletal pack-
stone including miliolids and Orbitolites (center) from the lower UNL. 2, Skeletal packstone
with a rhodolite (right). 3, Lime grainstone dominated by skeletal fragments; dark particles
are corallinaceans; middle UNL. 4, Skeletal packstone including acervulinids and Fabiania
(lower right); middle UNL. 5, Lime wackestone with fine to coarse skeletal debris including
an organically bored fragment of Discocyclina (largest particle); upper UNL. 1 & 4 from
section 3; 2 from section 8; 3 from section 4; 5 from section 1. Location in Figs. 3 and 4.
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(Fig. 2). Consequently, also in that part of the basin the deposition of the older Promina
Beds ended in the Bartonian, and the deposition of the Promina Beds younger than the
NCU probably began already in the Bartonian. This is applicable to the NW and central
parts of the basin, i.e. from the Novigrad Sea to the Krka River (Fig. 2), where tracing of the
NCU is considered to be reliable. Farther to the SE, the previously proposed correlation
(BaBIC & Zuranic, 2012) includes lacustrine deposits, and should be studied in the future.




Nat. Croat. Vol. 25(1), 2016 69

It is to be mentioned that the NCU also contains carbonate platform limestones in
several horizons (Fig. 5), which originated during transgressive intervals. However, they
reflect new, fundamentally different conditions compared to the succession of previous
carbonates including their topmost portion represented by the UNL. The new conditions
during the deposition of the NCU include an intermittent supply of terrigenous detritus
derived from the orogen which resulted in the alternation of clastics and carbonates.

CONCLUSION

The Upper Nummulitic Limestones of ScauserT (1908, 1909) situated in the NW part
ofthe North Dalmatian foreland basin reflect the deposition on a land-attached ramp
belonging to atemperate sediment province. The deposition of these limestones began
in very shallow, restricted settings which subsequently evolved into a well-aerated car-
bonate platform with diversified biota. The relevant sedimentary succession terminated
at a drowning unconformity. The Upper Nummulitic Limestones are either Late Lute-
tian and Bartonian or possibly, entirely Bartonianin age, while the drowning unconfor-
mity is an intra-Bartonian bounding surface. It has been demonstrated that the Palaeo-
cene-Middle Lutetian Foraminiferal Limestones do not represent the last platform car-
bonates in the evolution of the Dinaric carbonate platform, and the platform was still
alive in the Bartonian although reduced in size. The studied limestones represent the
youngest, hitherto unknown stage in the Dinaric platform development and a compo-
nent of the evolution of the Outer Dinarides. The succession of Upper Nummulitic Li-
mestones represented the platform component of the reconstructed platform-basin sy-
stem which constituted an important part of the Dinaric foreland. The basin received

“—=
Plate II. Selected foraminifera from the middle-upper part of the Upper Nummulitic Lime-
stones. 1, Halkyardia minima.2, Biplanispira. 3, Linderina. 4 and 5, Eoannularia eocenica. 6 and 7,
Borelis vonderschmitti. 8 and 9, Glomalveolina ungaroi. 10-13, Silvestriella tetraedra. In 10, lower
left there is also a planktonic foraminifer. 1, 3-5, 7 from section 3; 2 from section 7; 6, 8, 9 from
section 4; 10 from section 5; 11 and 13 from section 8. Section location in Figs. 3 and 4.

Plate III. Selected foraminifera from the Novigrad Cyclic Unit. 1, Borelis vonderschmitti. 2,
Glomalveolina ungaroi. 3, Silvestriella tetraedra. 4, Eoannularia eocenica. Location in Fig. 5.
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lithoclasts including huge limestone blocks from the faulted, collapsing margin of the
platform, including skeletal particles from its surface. The process resulted in megabre-
ccias deposited in the adjacent basin of the Lower Promina Beds.
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