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The Upper Turonian to Middle Coniacian (Upper Cretaceous) succession of the Babadag Basin (North Dobrogea, Romania)
constitutes an apparently continuous fossiliferous carbonate succession. The presence of moderately rich inoceramid,
ammonite and foraminiferal assemblages allows for the application of a precise biostratigraphic subdivision. The
palaeoenvironmental conditions and evolution of the Babadag Basin during the Late Turonian—Middle Coniacian are inferred
using microfacies analysis and foraminiferal spectra. Together, these suggest the Turonian—Coniacian Badabag Basin re-
flects relatively shallow-water conditions in a near-shore environment, punctuated by two regression events in the Late

508

Turonian and in the Middle Coniacian.
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INTRODUCTION

The Turonian—Coniacian succession of the Babadag Basin
(North Dobrogea, Romania) has long attracted research inter-
est, due to its rich ammonite and inoceramid fauna and its loca-
tion in the western part of a belt comprising North Dobrogea, the
Crimea, and the northern Caucasus (e.g., Sandulescu, 1994).
To date, work within the Babadag Basin has focused on
broader stratigraphic studies, and therefore has yielded only a
limited insight into the succession and structure of the fossil as-
semblages. Moreover, only limited work has been done on the
facies characteristics of the stratigraphic succession, which
have the potential to add substantially to our understanding of
the dynamic evolution of the Babadag Basin. A joint integrated
biostratigraphic and microfacies study of the Turonian—Conia-
cian Babadag Basin, to examine its palaeontological and
palaeoenvironmental setting, thus constitutes the primary focus
of the present study.

In the framework of a joint project between the University of
Bucharest and University of Warsaw, aimed at the re-study of
the stratigraphy and facies of the early Late Cretaceous succes-
sion in Romania, we investigated the Upper Turonian to Middle
Coniacian succession of the Babadag Basin. Three quarries lo-
cated in the southeastern part of the Babadag Basin were se-
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lected for detailed study: (1) the Visterna section, south of the
village of Visterna; (2) the Caugagia section, located north-west
of the village of Baia, and (3) the Baia section, located
north-east of the village of Baia (Figs. 1 and 2). These three
sections comprise an interval spanning the Upper Turonian
through the Middle Coniacian, with some observational gaps.
The main goals of the study were to develop: (1) detailed geo-
logical logs; (2) macrofossil and foraminiferal records, for use in
biostratigraphic and palaeoenvironmental interpretations; and
(3) microfacies characteristics of the entire succession. The
combination of the palaeontological and microfacies character-
istics of the succession was used to reconstruct the bathymetric
trends within the interval studied. The palaeogeographical infer-
ences are discussed.

PREVIOUS STUDIES

The Cretaceous of the Babadag Basin was first studied by
Peters (1867), who described a crinoid limestone in the basal
part of the succession followed by a yellowish “distal limestone”.
Inoceramids, foraminifers, oysters and burrows were reported.
He estimated the thickness of the succession as ca. 170 m.
Anastasiu (1898) realized that the flat-lying or slightly undulat-
ing Upper Cretaceous occupies most of the basin. He docu-
mented both the Turonian and Coniacian, and suggested the
presence of the Cenomanian. The presence of the Coniacian
was further confirmed by Macovei (1906) using ammonite as-
semblages. Simionescu (1914) divided the Cretaceous of the
Badabag Basin into the lancila Formation (lower), composed of
conglomerates, calcarenites and limestone, and the Dolojman
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Fig. 1A — geological map of Dobrogea (compiled and modified after Sandulescu et al., 1978; Szasz et al., 1980, 1981)
with the location of the Babadag Basin; B — location of Dobrogea in Romania

NDO — North Dobrogea Orogen, including the tectonic units of Macin (MU), Consul (CU), Niculitel (NU) and Tulcea (TU); MP — Moesian
Platform, including Central Dobrogea (CD) and South Dobrogea (SD); PDD — Pre-Dobrogean Depression; PROT. — Proterozoic; VOLC.
— volcanic rocks; Pre-A. — Pre-Alpine; Pal. — Paleogene

Formation (upper), composed of calcarenites, sandy marls,
marls and limestones. Based on macrofossils, he assigned the
lancila Formation to the Cenomanian, and the Dolojman For-
mation to the Turonian—Senonian. In his geological synthesis of
Dobrogea, Simionescu (1927) established that the basin is
bounded to the south by the Peceneaga—Camena Fault. For
the first time he reported the presence of Cretaceous echinoids
and Cenomanian inoceramids from this region.

Macovei and Atanasiu (1934) summarized the Cretaceous
succession of the Babadag Basin, estimating its thickness as
ca. 200 m and dating the youngest strata as Santonian.
Atanasiu (1940) pointed out the differences in the Late Creta-
ceous palaeogeographical history of North and South
Dobrogea, reporting warm-water faunas in the Babadag Basin,
in contrast to cold-water faunas in South Dobrogea.

In their survey of the Babadag Basin, Mirauta and Mirauta
(1964) recognized four synclines, two anticlines and one struc-
tural threshold, and estimated the thickness of the Cretaceous
as 300-350 m. They divided the Dolojman Formation into two

successions, the lower dated as Early Turonian, and the upper,
dated as the Middle-Late Turonian—Coniacian and possibly
Santonian (their Lower Senonian). They recognized the
transgressive character of the Upper Cretaceous succession,
with the transgressive maximum occurring in the Early
Santonian. They also noted the dominance of the Boreal fau-
nas, with only a few Tethyan forms present, and the distinctive-
ness of the Cretaceous successions between North and South
Dobrogea, the succession in North Dobrogea being thicker and
stratigraphically more complete. Mutihac et al. (1972) claimed a
Late Aptian—Albian age for the basal part of the Babadag suc-
cession. Szasz and Lacatusu (1976) and Szasz (1981) re-
ported on the Upper Turonian—Coniacian ammonites from the
Babadag Basin, and in 1985 Szasz published a survey of the
Coniacian inoceramids. Szasz and lon (1988) provided an inte-
grated (inoceramid, ammonite and foraminifera) biostratigraphy
of the Upper Cretaceous of the Babadag Basin, in which the
Turonian—Coniacian boundary was considered as condensed
or marked by a stratigraphic gap. Furthermore, they showed the
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Fig. 2. Geological map of Babadag Basin (compiled and modified after Mirauta and Mirauta, 1964; Sandulescu et al., 1978;
Szasz et al., 1980, 1981)

Bold black lines with arrows are the synclines and anticlines axes: 1 — Caugagia—Jurilovca Syncline; 2 — Baspunar-Uspenia Syncline;
3 — Balcescu Brachisyncline; 4 — Izvoarele—Traian Syncline; 5 — Slava Rusa Anticline; 6 — Jidini Anticline; 7 — Atmagea Threshold;
A-B — line of geological cross-section (Fig. 3); other explanations as in Figure 1

presence of the Upper Santonian and estimated the thickness
of the Upper Cretaceous as ca. 700 m.

The ammonite and inoceramid biozonation and biogeogra-
phical affinities of the Turonian and Coniacian of the Babadag
Basin were discussed by lon and Szasz (1994). The authors
observed a general agreement between the Western Europe
and North Dobrogea zonations. The Tethyan character of the
foraminifera was indicated. lon et al. (1997) published an inte-
grated biostratigraphy of the Upper Cretaceous of Romania,
and lon et al. (2004) an integrated biostratigraphy of the
Turonian. With reference to the results of the Brussels '95
meeting (Bengtson, 1996), they found their zonations to be
generally compatible, but not identical with the standard
zonation. Bucur and Baltres (2002) conducted a study of
Cenomanian microfossils based on borehole core data.
Gradinaru (2004) and Gradinaru et al. (2006) showed that the
sedimentation into the Babadg Basin started in the Late Albian
(Vraconian).

GEOLOGICAL SETTING

The Cretaceous Babadag Basin represents the post-tec-
tonic, latest Albian (Vraconian) to Late Cretaceous sedimentary
cover of the Early Alpine North Dobrogea Orogen (e.g.,
Burchfiel and Bleahu, 1976; Sandulescu, 1984; Gradinaru,
1995). It is located south of the Danube Delta, in SE Romania
(Fig. 1). Eastward, the basin plunges into the continental shelf
of the Black Sea (e.g., Sandulescu, 1984; lonesi, 1994; Bancila
et al., 1997). The northern boundary of the basin is erosional.
Along its southern margin, the basin is tectonically bounded by
the Peceneaga—Camena Fault, although toward the east in the

Baia region, the Upper Cretaceous deposits of the basin appar-
ently seal the fault (Gradinaru, 1995).

The basement of the Babadag Basin is chiefly composed of
the three major tectonic units of the Early Alpine North
Dobrogean Orogen, the Macin, Niculitel and Tulcea units,
which are composed of Precambrian—Paleozoic metamorphic
rocks and granitoids and Triassic—Jurassic volcanic and sedi-
mentary rocks. For further information on the geology of the
pre-Cretaceous basement of the Babadag Basin along the
northern side of the Peceneaga—Camena Fault the reader is
advised to consult the publications of Gradinaru (1988, 2006).
The Central Dobrogea Neoproterozoic greenschist basement
underlies the Babadag Basin south of the Peceneaga—Camena
Fault in the Baia region (Mirauta and Mirauta, 1964). The
Peceneaga—Camena Fault is interpreted as the southern part
of the Teisseyre—Tornquist line (T-T line; e.g., Ziegler, 1984,
1988; Robinson, 1997; Swidrowska et al., 2008).

Recent studies (Krezsek et al., 2018) interpret the area be-
tween the Sfantu—Gheorghe Fault in the north (the boundary
between North Dobrogea and the Pre-Dobrogea Depression)
and the Capidava—Ovidiu Fault in the south (the boundary be-
tween Central and South Dobrogea) as a strike-slip deforma-
tion belt. These deformation structures are considered to be an
abandoned arm of the initial stage of the Western Black Sea rift-
ing, which took place in the Middle and Late Cretaceous. In this
case, the Peceneaga-Camena Fault was the main fault within
the deformation zone, while the other faults in the region are be-
lieved to be its deeply buried branches. Along the North
Dobrogean failed-rift zone, on the offshore prolongation of the
Babadag Basin, another depocentre — the Istria Depression —
developed (Krezsek et al., 2018; Boote, 2018).
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Fig. 3. Geological A-B cross-section through the Babadag Basin and schematic deep tectonics cross-section
(compiled and modified after Mirauta and Mirauta, 1964; Szasz and lon, 1988)

For the updated geology of the pre-Cretaceous basement along the northern side of the Peceneaga—Camena Fault see Gradinaru (1988,
2006); dark red bold lines — faults; C.D. — Central Dobrogea; P.C.F. — Peceneaga—Camena Fault; L.C.F. — Luncavita—Consul Fault

BABADAG BASIN

The Babadag Basin, 60 km long (along a northwest-
ern-southeastern axis) and up to 20 km wide at its maximum
extent, is filled with uppermost Albian to Santonian deposits.
Despite a generally flat-lying character, the basin is slightly un-
dulating, creating four synclines arranged around the basin
center: Izvoarele—Traian to the west, Balcescu to the north,
Baspunar-Uspenia located to the south, and Cauga-
gia—Jurilovca to the east. In the western part of the basin its axis
emerges, forming the lzvoarele—-Atmagea threshold. This
structure separates the Izvoarele—Traian Syncline on the west
from the rest of the basin (Mirauia and Mirauta, 1964; Fig. 2).

The thickness of the Cretaceous in the Babadag Basin is
quite variable, fluctuating from slightly above 1600 m in its
north-central part to 266 m only 4.5 km SE of the depocentre
(Bucur and Baltres, 2002). Previously published estimates
range between 350 m (Mirauta and Mirauta, 1964) and 700 m
(Szasz and lon, 1988). Krezsek et al. (2018) interpret the basin
as slightly inclined to the SE, which is in agreement with the mi-
gration of the basin’s depocentre to the south as observed by
Mirauta and Mirauta (1964; Fig. 3). However, the structural
framework of the Babadag Basin seems to be somewhat more
complicated.

The Babadag Basin succession (Fig. 3) first appears in the
Enisala area as an uppermost Albian (Vraconian) crinoidal
limestone with brachiopods, ammonites and oysters
(Gradinaru, 2004; Gradinaru et al., 2006). It is followed by
transgressive Cenomanian calcarenites, locally with limestones
and marls (Mirauta and Mirauta, 1964; Szasz and lon, 1988).
The Upper Cenomanian is condensed. The biostratigraphy of
the Cenomanian is based on ammonites, inoceramids, and
planktonic foraminifera (Szasz, 1982; Szasz and lon, 1988; lon
and Szasz, 1994; lon et al., 1997). The Albian-Cenomanian
succession forms the lancila Formation, which is subdivided
into the Enisala Member (Albian—-Lower Cenomanian
siliciclastic deposits and limestones), the Hamangia Member
(Lower Cenomanian siliciclastic deposits and calcarenites), the
Babadag Member (Lower—Upper Cenomanian calcarenites

and limestones) and the Golovita Member (Middle—Upper
Cenomanian marls; Szasz and lon, 1988). The Babadag
Turonian strata (composed of calcarenites, limestones and
marls) conformably overlie the Cenomanian: however, the
boundary interval is condensed and transgressive in the mar-
ginal part of the basin (Szasz and lon, 1988). A hiatus within the
Middle Turonian and a condensation or hiatus within the Upper
Turonian—-Lower Coniacian have been suggested (Szasz and
lon, 1988). The Coniacian consists of calcarenites and marly
limestones: however, in the marginal parts of the basin the
Turonian strata are transgressively overlain by Coniacian con-
glomerates (Mirauta and Mirauta, 1964; Szasz and lon, 1988).
The biostratigraphy of the Turonian and of the Coniacian is
based on ammonites, inoceramids and planktonic foraminifera
(Szasz and lon, 1988; lon and Szasz, 1994; lon et al., 1997,
2004). The Turonian—Coniacian succession is assigned to the
Dolojman Formation, which consists of: the Jidini Member
(Lower to Middle Turonian calcarenites and siliciclastic depos-
its)) the Harada Member (Turonian limestones and
calcarenites), the Caugagia Member (Lower Coniacian
calcarenites), and the Jurilovca Member (Coniacian (?) lime-
stones, marly limestones and calcarenites); the Jidini and
Caugagia members represent more clastic facies (Szasz and
lon, 1988). On the Cara Burun promontory, south of Golovita
Lake (Fig. 2), the Coniacian strata are overlain by Santonian
strata, which consist of basal conglomerates followed by lime-
stones. The Santonian of this region is included in the Murfatlar
Formation, originally described from South Dobrogea (Szasz
and lon, 1988).

MATERIALS AND METHODS

The present study is based on our original fieldwork carried
out in the Babadag Basin in summer 2016. Three sections lo-
cated in the southeastern part of the basin — Visterna, Caugagia
and Baia 2 — were logged and sampled for macrofossils,
microfossils, and petrographic analyses.
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Laboratory work was conducted in the Faculty of Geology of
the University of Warsaw. 114 thin sections were prepared (usu-
ally two thin sections from each suitable rock sample): 67 from
Visterna, 4 from Caugagia and 42 from Baia 2. All thin sections
were prepared in the Laboratory of Geological Sample Prepara-
tion of the European Center for Geological Education (ECEG) in
Checiny (affiliated with the University of Warsaw), Poland, using
a Logitech PM5 Lapping & Polishing System and Epotek Epoxy
glue. Porous samples were additionally impregnated using Aral-
dite 2020 glue and UV pigment. The thin sections were used for
microfacies and micropaleontological studies.

The microfacies analysis was primarily based on the Folk
and Dunham classification schemes. As these were not fully
satisfactory, a custom microfacies classification was developed
(see “microfacies” section). Thin sections were assessed with
regard to grain size, roundness and sorting, clastic input, quartz
content, rock texture (directional/chaotic), and observed fossils.
Clastic input and quartz content estimations were conducted
using Compton’s standard visual estimating charts (Compton,
1962), sorting was estimated using Jerram et al. sorting charts
(1996). Roundness observations were based on (Pettijohn et
al., 1987) roundness estimation charts. Grain size estimations
were employed only on the non-biogenic clasts.

Foraminiferal macerates were prepared from thirty-five
samples from Visterna and from twenty-one samples from
Baia 2. A standard procedure using sodium sulphate (Glauber’s
salt) was employed. To accelerate the maceration process, the
freezing was accelerated using liquid nitrogen (Remin et al.,
2012). The macerates obtained were sifted to obtain material in
the 0.065-0.6 mm size interval. The foraminifera were studied
using an optical microscope; selected specimens were sput-
tered with gold for SEM (Scanning Electron Microscope) imag-
ing and EDS (Energy-dispersive X-ray spectroscopy) analysis.
EDS analysis was used to assess if the calcareous foraminiferal
tests were composed of primary calcite, and so whether they
had been affected by diagenetic alteration.

The macrofossils collected during our fieldwork (ammonites
and inoceramids) and microfossils (foraminifera), are housed in
the collections of the Museum of the Faculty of Geology of the
University of Warsaw.

FIELD OBSERVATIONS

The sections studied are located in the southeastern part of
the basin. Three sections were selected for the study: the
Visterna section, located in the eastern part, and the Caugagia
and Baia 2 sections, both located in the southern part of the ba-
sin (Fig. 2).

Visterna section (44°50'35” N, 28°45’39” E; 116.5ma.s.l.)
(Figs. 2 and 4). The Visterna section is located in an active vil-
lage quarry, south of the village of Visterna. The quarry is 96 m
long, 33 m wide, with the walls reaching a maximum of 3 m in
height. The exposure is generally good. The beds dip to the
south (115/6 S). The total thickness of the available succession
is 13 m, with a ca. 70 cm observational gap in its lower part. Ten
lithological units were distinguished in the succession (Fig. 5).

Unit 1 [0-5.1 m]: heavily lithified, poorly and/or thinly bed-
ded, fine-grained light grey limestone. It is relatively rich in
ammonites and inoceramids.

Unit 2 [5.1-7.85 m]: basal part composed of hard, sparkling,
medium-bedded, fine-grained grey limestone. Higher part
(5.4—7.35 m) composed of thin-bedded, fine-grained limestone
and calcarenite with sponges, bioturbation structures and pelitic
clasts; the uppermost part composed mostly of very hard,
bright, well-bedded calcarenite. A 10 cm thick layer of slaty grey
marl occurs at 6.3 m, and a 5 cm thick layer of light grey marl oc-
curs at 7.35 m.

Unit 3 [7.85-8.4 m]: loose grey marls; interbedded with
10 cm thick layers of bedded calcarenite.

Unit 4 [8.4-10.3 m]: lowermost 10 cm composed of
thin-bedded, sparkling, fine-grained grey limestone. Middle part

Fig. 4. Visterna Quarry and location on the geological map of the Babadag Basin (red dot)
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of the unit composed of hard, massive, fine-grained beige or
light grey limestone with intermittent pelitic clasts, interbedded
with grey marls. At 9.75 m there is an erosional surface at the
top of a marly layer. Topmost part composed of hard, sparkling,
bedded, beige calcarenite, followed by very fine-grained grey
limestone with pelitic clasts.

Unit 5[10.3—10.7 m]: light grey marls. 2.5 cm thick conden-
sation level (V27A) at 10.55 m.

Unit 6 [10.7-10.9 m]: very fine-grained grey limestone with
pelitic clasts.

Unit 7 [10.9-11.1 m]: grey marls.

Unit 8 [11.1-12.2 m]: sparkling, fine-grained beige lime-
stone, overlain by hard, sparkling, very fine-grained grey lime-
stone with jagged fracture.

Unit 9 [12.2-12.75 m]: grey marls.

Unit 10 [12.75-13.0 m]: sparkling, fine-grained grey lime-
stone with earthy fracture.

Caugagia section (44°46'35" N, 28°40°02" E; Figs. 2
and 6) is a composite section, compiled from two small quarries
located on Bal Bair hill, about 2 km south from the village of
Caugagia. The succession is made up of light grey (Caug-
agia 1, south-west quarry) and light creamy/white (Caugagia 2,
north-east quarry) pelitic limestone. No detailed geological log
was constructed.

Baia 2 section (44°44°25" N, 28°41’50” E; Figs. 2 and 7) is
an active quarry, located between Baia and Ceamurlia de Jos,
north-east of the village of Baia. The quarry is 77 m long, 64 m
wide and about 11 m high. The succession is available on its
northern, eastern and southern walls, with a good state of expo-
sure. The beds dip to the south (22/5 S). The total thickness of
the succession is 10.5 m. Seven lithological units were distin-
guished (Fig. 8); 21 samples (B,1-B,18) for microfacies and
microfossil studies were taken.

Unit 1 [0.0-5.5 m]: hard, splintery and massive marly lime-
stone, with numerous iron streaks. Common bioturbation struc-
tures at the top of the unit.

Unit 2 [5.5-5.7 m]: hard, bedded, fine-grained brown lime-
stone with cherts. Thickness is horizontally variable, with a max-
imum thickness of 17 cm. Overlain by a 3 cm thick layer of
cross-bedded, grey-green marls.

Unit 3 [5.7-6.6 m; eastern wall]: hard, bright, splintery,
cross-bedded, fine-grained limestone with thickness laterally
variable from 8 to 30 cm, with 2 cm thick marly interbeds. In the
southern wall, fine-grained light grey limestone with numerous
iron streaks are followed by a 15 cm thick intraformational
breccia.

Unit 4 [6.6-6.93 m; eastern wall]: bedded, thinly laminated,
fine-grained beige-grey limestone with cherts and laterally vari-
able thickness, followed by a thin (3—5 cm thick) layer of grey
marl. The southern wall shows sparkling, thin- and cross-bed-
ded, beige-brown calcarenite with ripple marks.

Unit 5[6.93—10.2 m; eastern wall]: heavily bioturbated, very
fine-grained creamy limestone.

Unit 6 [10.2-10.28 m]: grey-green marls.

Unit 7 [10.28-10.5 m]: sparkling, grey limestone with milky
fracture.

A

Fig. 5. Geological log and biostratigraphy
of the Visterna Quarry

Colours on the lithological logs refer to actual colours observed in
the quarry; layer thickness has been preserved
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Fig. 6. Caugagia Quarry and location on the geological map of the Babadag Basin (red dot)

Bal Bair hilltop is to the right of the photo

Fig. 7. Baia 2 Quarry and location on the geological map of the Babadag Basin (red dot)

View towards the southern wall of the quarry
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Fig. 8. Geological logs and biostratigraphy of the Baia 2 Quarry

Colours on the lithological logs refer to actual colors observed in the quarry;
layer thickness has been preserved; other explanations as in Figure 5
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MICROFACIES

Six microfacies were distinguished: (I) sedimentary breccia;
(I) non- to poorly fossiliferous mudstone/wackestone/pack-
stone; (Ill) fossiliferous wackestone/packstone, subdivided as
follows: (IllIA) bioclastic (with diverse faunal composition)
wackestone/packstone; (IlIB) foraminiferal (dominated by
forams, with abundant other fossils) wackestone/packstone;
(NC) foraminiferal (almost no other fauna) wackestone/pack-
stone; (D)  algae  dominant or  algal-sponge
wackestone/packstone (Fig. 9). Detailed microfacies are out-
lined in Table 1 (Visterna) and Table 2 (Baia 2).

VISTERNA SECTION

Unit 1is composed of wackestones and wackestones/pack-
stones. The samples are moderately rich in quartz and fossils,
in which foraminifera and calcareous algae (mostly
Dasycladaceae) dominate.

Units 2—4 are composed primarily of barren or poorly
fossiliferous packstones. Within this interval are relatively large
grain diameters (highest in the V25 sample) and high (up to
30%) proportions of quartz in samples are typical. In the middle
part of the unit the wackestone/packstone and wackestone
microfacies dominate. The percentage of quartz in these is
lower (up to 10%) than in the interbedded packstones (up to
25%), yet they are more fossiliferous and dominated by
foraminifera, calcareous algae and sponges (spiculites). A very
sharp, erosive boundary between layers V24 and V25 is char-
acteristic of this interval (see Fig. 10).

Units 5-10 are composed of moderately fossiliferous
wackestones, with mainly foraminifera, sponges and calcare-
ous algae. The detrital material is usually fine- or very

fine-grained, with low quartz contents. In addition, wackesto-
nes/packstones (V32 sample) and packstones (V30 sample)
occur, with variable quartz contents.

CAUGAGIA

The succession is represented by quartz-deficient wacke-
stones. The fossil assemblage is dominated by sponges and
foraminifera, with bryozoans, echinoids, calcareous algae, bi-
valves and calcispheres occurring as accessory components.
The foraminifera are dominated by planktonic forms.

BAIA 2

Unit 1 is composed of fine-grained wackestone, with rare
quartz. Among the fossils, foraminifera, sponges and calcare-
ous algae (Dasycladaceae) dominate.

Units 2—-4 are made up of packstone and, subordinately,
wackestone. Within those rocks cross-bedding (in packstone)
and laminations (in wackestone) are clearly visible. Within the
horizon represented by the B,11 sample breccia is found; the
clasts are analogous to the substrate, while the matrix is rich in
quartz (20%) of medium grain size (which amounts to the larg-
est grain size in the Baia 2 section). The fossil assemblage con-
tains calcareous algae (Dasycladaceae), foraminifera, sponges
and echinoids. In more grain-rich intervals Dasycladaceae
dominate.

Unit 5-7 are composed of wackestone, with interbedded
layers composed of mudstone (Unit 6) and packstone (Unit 7).
The quartz content is usually very low or absent; significant
quartz percentages are noted only at the base of Unit 5 and in
Unit 7. Among the fossils, foraminifera, sponges and calcare-
ous algae (Dasycladaceae) dominate.

Fig. 9. Microfacies recognized in the sections studied

Numbers on photos correspond to microfacies types; thin-section photos, sample number given after microfacies number; XPL — cross
polarized light; A — algae; C — clasts (breccia); F — foraminifera; M — matrix (breccia); Q — quartz; S — spiculites (sponges)
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Table 1

Microfacies, detrital grain and fossil classifications from Visterna

VISTERNA
CLASSIFICATION DETRITAL GRAINS FOSSILS
P ” . @ Calcareo%s o 4
12 g gt
Folk | Dunham| Microfacies g-g N i = g’ E o © 5 = 3 % & 3828 & é_ g
5s 3§ f |3 S |s5B8EgTElEsLgez
=E < Q £ fHEE6aS8|8 500 00 m
V1 S.B. W A 40% 10% —;—| —;+- + ¢ o o . .
V2 S.B. W A >50% 20% - — -+ . . o/ o . .
V3 P.B. W/P 1A >50% 20% - — - + LI e ® . .
V4 PB. WiP Nc >50% 15-20% - — -+ . ] . . .
V5 P.B. W/P A >50%  5-10% - —iH- -] . . . .
V6 PB. W/P 1B 50% 10% - — - + . . LA ) . .
V7 PB. WiP Nc >50% 15% - - H- 4+ . .| . Y
V8 P.B. WP nc 50% 15% - - -+ L T ) o | .
Vo Pl. P 1 >50% 15% == =+~ +H- | .
V10 Pl P Il >50% 20% tH—i—| =i+ +H- |0 | o o
V11 PI. P 1] 50% 25% == =+ +H- |0 o o .
V12 Pl P Il >50%  20-26% +— ;- —;+- +- |0 o
V13 S.B. w Hc 50% 20-25% - — - + [ Y .
V14 S.B. W 1B 40-50% 10% - - H- 4+ . .
V15 P.l. P Il >50%  15-20% - — = -] o a
V16 PB. W/P 1A 50% 15% - —t— - |e
V17 S.B. W 11]#3 30% 10% - — - H- e .
V18 PB. P D >50% 10% - — -+ . .
V18B S.B. W 1 DAIA 40-50% 10% - — -+ . .
V19 S.B. WP nc 40-50% 15% - — - + . L] .
V20 Pl P Il >50% 20-30% +/—;—- —; - +/— | e
V21 Pl P I 50% 10-15% - — - H- o
V23 Pl W/P 1A 50% 10-15% - — - + L (] . .
V24 S.B. W A 50% 5% - — -+ . ]
\25 P.l. P Il >50% 30% +H-;+ - — | o | w
V26 S.B. W 1B 40-50% 15% - — - + . o . . .
V27 S.B. W 1B 40-50% 15% - — - + . e . . .
V28 S.B. W 111=3 40-50% 5% - — -+ . e . .
V29 S.B. W nc 30-35% 15% —i—| —i+- + L .
V30 P.B. P 1B >50% 15-20% —;+/—| —;+I— +/— ] e L)
V31 S.B. W A 30-40% 1-5% - — -+ . o
V31A S.B. W B 30-40% 15% —;—- —+- + L .
V31B S.B. W 1B 20-30% 1-5% — ;- —;+/— + " @
V32 S.B. W/P 1A 40-50% 15-20% — — -+ L * | ® e s e

S.B. —sparse biomicrite; P.B. — packed biomicrite; P.I. — packed intramicrite; W. — wackestone; P. — packstone; grain size: (—) very small; (—)
small; (+/-) medium; (+) big; roundness: (=) angular; (+/-) poorly rounded; sorting: (+/—) moderately sorted; (+) well sorted; dots: abundant;
circles: poorly
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Table 2
Microfacies, detrital grains and fossils classification from Baia 2
BAIA 2
CLASSIFICATION DETRITAL GRAINS FOSSILS
g
SAMPLE @ 3 = o | 8 5 88, %a E i é
Inuveer| Fok | E 8 | £ = 5 £ o|E8598 325|285
£ 5| eg | 5§ s|5|f|lEgeEe s
g = |28 | 6 S| & |3|le8E8a%588a
S
B1 S.B. W B | 15-20% | 1-5% |—;—|;+-| +]e .
B2 S.B. W B | 3040% | 5-10% — =it +]e e .
B,3 S.B. W A | 30-40% 1% — =it e e . | . .
BA S.B. W A | 40-50% | 1-5% — =it +]e e .
B,5 S.B. W B 15% 0 — === + e e . .
B,6 S.B. w D 15-20% 0 — =yt + e e .
B7 8.B. W nB 20% 510% | —;—|—;+-| +|e o . . e
B,7A S.B. W B | 10-15% 1% | —i—|—i+~| +]|e » . .
B.8 P.B. P D >50% | 10-15%| - |—;+/—| + | e » . .
B.9 S.ILIPL M/P Il 30% 5-10 % - |-+ o o
B,10 S.B W B 15% 1% — |-t +]e e .
B11 (C) S.B. W | 10% 5% —i—|-sH-| +]-|-|-l-|-l - - - -
B>11 (M) P.B. ® >50% 20% H——|—14/—|+/—| e o] e o o o @
B;12 P.B. P D >50% 15% - |-+ L .
B12° S.B. W/P 1D 50% 0-1% — |-t e e .
B13” S.B. W A | 3040% | 10-15%| = |—;+—-| + ]| = = .
B.13 S.B. W MA | 15-20% | 0-1% |—;—|-;+-| +|® » . .
B,14 S.B. W B 15% 0-1% | —;—|—;+—| +]|e o . .
B,15 S.B W MB | 16-20% | 0-1% |—;—|-;+-| + ]| e @ .
B,16 S.B. W B | 15-20% | 0-1% | —;—|-;+—-| + | e @ .
B17 S.L M Il 5-10% 0% — |-+
B,18 PB. P nc >50% 15% - - +]e @ " s @

S.I. — sparse intramicrite; M. — mudstone; B,11 (C) — clasts; B,11 (M) — matrix; other explanations as in Table 1
INTEGRATED BIOSTRATRIGRAPHY

UPPER TURONIAN

The Upper Turonian is documented in the Visterna section.
The basal part of the succession (Unit 1) yielded Inoceramus ex
gr. lamarcki Parkinson, 1818, Mytiloides striatoconcentricus
(GUmbel, 1868) and Inoceramus perplexus Whitfield, 1877.
This assemblage is indicative of the lower part of the Upper
Turonian (e.g., Ernst et al., 1983; Walaszczyk and Cobban,
2000; Kennedy and Gale, 2015; Dochev, 2015; Walaszczyk et
al., 2016b). The assemblage also yielded Inoceramus ex gr.
inaequivalvis Schllter, 1877, a group spanning the upper Mid-
dle and lower Upper Turonian (and ranging higher within the
Upper Turonian; Troger, 1989; Walaszczyk and Cobban,

A

Fig. 10. Erosive boundary in the Visterna section between
layers V24 (down) and V25 (up)

Thin section photo; explanations as in Figure 9
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2000). Ammonites of the genus Lewesiceras (Fig. 18C, D),
co-occurring with the inoceramid assemblage and spanning the
entire Visterna succession, are typical of the Turonian.

The Visterna section yielded a taxonomically variable
foraminiferal assemblage. The topmost part of Unit 1 yielded
Helvetoglobotruncana helvetica (Bolli, 1945), the marker of the
eponymous taxon-range zone (Walaszczyk and Peryt, 1998;
Dubicka and Peryt, 2012). Based on inoceramid data in the
Visterna section, H. helvetica, usually thought to go extinct at
the Middle—Late Turonian boundary (Ogg and Hinnov, 2012;
Ogg et al., 2016), survived here into at least the early Late
Turonian. This confirms the previous early Late Turonian re-
ports of the species from the Vistula River section (Walaszczyk
and Peryt, 1998), western Ukraine (Dubicka and Peryt, 2012)
and other parts of western Tethys (see Huber and Petrizzo,
2014). [It is worth observing that Szasz and lon (1988) reported
H. helvetica from even younger strata of the Babadag Basin
(from the Lower Coniacian). However, these findings are not
confirmed in our study].

Helvetoglobotruncana helvetica is accompanied by several
benthic genera — Ammodiscus, Arenobulimina, Lenticulina, Tex-
tularia, and Miliolina — and by a variety of planktonic foraminifera
species: Hedbergella delrioensis (Carsey, 1926), Helveto-
globotruncana praehelvetica (Trujillo, 1960), Heterohelix cf.
reussi Cushman, 1938, Marginotruncana coronata (Bolli, 1945),
M. marginata (Reuss, 1845), M. pseudolinneiana Pessagno,
1967, M. schneegansi (Sigal, 1952), Whiteinella baltica Douglas
and Rankin, 1969 and W. brittonensis (Loeblich and Tappan,
1961; Figs. 11, 13 and 14).

Units 2-10 yielded Arenobulimina sp., Dicarinella cf. imbri-
cata (Mornod, 1949), Eponides sp., Hedbergella delrioensis
(Carsey, 1926), Marginotruncana cf. coldreriensis (Gandolffi,
1957), M. marginata (Reuss, 1845), M. cf. marianosi (Douglas,
1969), M. pseudolinneiana Pessagno, 1967, M. schneegansi
(Sigal, 1952), M. tarfayaensis (Lehmann, 1963), Orbignyna sp.,
Textularia sp., Whiteinella baltica Douglas and Rankin, 1969 and
W. brittonensis (Loeblich and Tappan, 1961). This assemblage
allows this portion of the Visterna succession to be dated to the
Marginotruncana coronata/Marginotruncana schneegansi Zone
(Ogg and Hinnov, 2012; Ogg et al., 2016), which places the inter-
val into the Upper Turonian (Figs. 11, 13 and 14).

Foraminiferal abundances vary in the Visterna succession,
from quite sparse (e.g., units 8 and 10) to very abundant (e.g.,
units 1, 2, and 4; see Table 3). Planktonic / benthic foraminifera
ratios were calculated (see Table 3 and “Environmental inter-
pretation” chapter).

LOWER CONIACIAN

The Lower Coniacian is well-documented in the Caugagia
section, with two inoceramid zonal markers: Cremnoceramus
deformis erectus (Meek, 1877) and C. deformis deformis
(Meek, 1871). The first occurrence of the former marks the
base of the Coniacian (Kauffman et al., 1996; Walaszczyk and
Woods, 1998; Walaszczyk et al., 2010). The latter species
characterizes the higher portion of the substage, but not the
highest extent (\Walaszczyk and Wood, 1998, 2018). The avail-
able part of the succession spans the lower and middle parts of
the Lower Coniacian. Previous reports of Szasz (1985) suggest
that the succession ranges down into the uppermost Turonian;
however, this portion of the section is no longer exposed.

MIDDLE CONIACIAN

The Middle Coniacian was recognized in the Baia 2 section.
While the inoceramids and ammonites collected are poorly pre-

served, the assemblage — composed of Platyceramus mantelli
(de Mercey; Barrois 1879), Mesopuzosia sp, Nowakites sp.,
Peroniceras sp., Peroniceras tridorsatum (Schluter, 1867) and
Scaphites ex gr. fisheri Riedel, 1931 — does demonstrate the
Middle Coniacian age of the succession studied.

The foraminiferal assemblage from the Baia 2 section is
composed of Archaeoglobigerina cf. blowi Pessagno, 1967,
A. cf. bosquensis Pessagno, 1967, Globigerinelloides sp., He-
terohelix cf. reussi Cushman, 1938, Lenticulina sp., Margino-
truncana cf. coldreriensis Gandolfi, 1957, M. coronata (Bolli,
1945), M. cf. marginata (Reuss, 1845), M. pseudolinneiana
Pessagno, 1967, Textularia sp. and Whiteinella baltica Douglas
and Rankin, 1960 (see Figs. 12 and 14). This assemblage is in-
dicative of the Coniacian Marginotruncana sinuosa Zone
(Dubicka and Peryt, 2012) and/or the Dicarinella concavata
Zone (Ogg and Hinnov, 2012; Ogg et al., 2016). Only 78
foraminifera were recovered from the Baia 2 section; such a low
number does not allow for the calculation of reliable P/B (plank-
tonic/benthic foraminifera) ratios.

REMARKS ON INOCERAMIDS AND AMMONITES

Both inoceramids and ammonites occur in the entire suc-
cession. Inoceramids are most common in the basal part of the
Upper Turonian and — in particular — in the Lower Coniacian. It
is this interval (and area) where most of the material described
by Szasz (1985) orginates. Indeed, it is so far one of the richest
Early Coniacian inoceramid assemblage known from the entire
Euramerican biogeographic region. Unfortunately, the details of
their record in the younger strata of this succession are un-
known, due to the poor state of the exposure. Ammonites were
found in the Turonian and Middle Coniacian; no ammonites
were recovered from the Lower Coniacian.

INOCERAMIDS

Inoceramus perplexus Whitfield, 1877; Figure 15A, A’, B, B’;
represented by 6 poorly preserved, incomplete specimens; the
other 6 specimens are referred to here as cf. perplexus
(MWGUW Z1/87/029-040). All are from the lower part of the
Visterna section. The material corresponds well to the diagno-
sis given by Walaszczyk and Cobban (2000). This species is
known from the lower Upper Turonian of the Euramerican
biogeographical province. Some forms are referred to as
Inoceramus aff. perplexus (Fig. 15C, C’, D, D’).

Inoceramus lamarcki Parkinson, 1818 group; Figure 15E, F;
three incomplete specimens (MWGUW Z1/87/049-051), rela-
tively well-preserved, from the lower part of the Visterna sec-
tion. The illustrated one is 57 mm long. Our specimens are the
first true lamarcki representatives from Romania; most of the
forms referred hitherto to this group and dated as Early
Coniacian in Romania are Tethyoceramus. The group has a
pandemic distribution.

Inoceramus inaequivalvis Schiliiter, 1887; Figure 16A; three
poorly preserved specimens from the lower part of the Visterna
section (MWGUW Z1/87/052). The true range of the species is
unknown, although commonly quoted as late Middle to early
Late Turonian. The group of inaequivalvis is known from the en-
tire Euramerican biogeographic region, and probably also from
other biogeographic regions as well.

Mytiloides cf. striatoconcentricus (Gumbel, 1868); Figure
16B, C; two single valve moulds from the lower part of the
Visterna section (MWGUW ZI/87/053—054). This species first
appears a short distance above the base of the Upper Turonian
(Ernst et al., 1983), and dominates in the middle part of the


https://gq.pgi.gov.pl/article/view/7775
https://gq.pgi.gov.pl/article/view/7775
https://gq.pgi.gov.pl/article/view/7775
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Explanation as in Figure 5
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Fig. 13. Upper Turonian and Middle Coniacian foraminifera from the Babadag Basin

A, B — Marginotruncana cf. coldreriensis (Gandolfi, 1957), MWGUW Z1/67/49.Vra: 12 (V13), 14 (V14); C — Marginotruncana coronata (Bolli,
1945), MWGUW Z1/67/49.Vra20 (V18B); D—G — Marginotruncana pseudolinneiana Pessagno, 1967, MWGUW ZI/67/49.Vra: 1 (V2), 22
(V20), 23 (V23), 33 (V27A); H— Marginotruncana marginata (Reuss, 1845), MWGUW ZI1/67/49.Vra31 (V27A); | - Whiteinella baltica Douglas
and Rankin, 1969, MWGUW ZI/67/49.Vra34 (V18B); J — Hedbergella delrioensis (Carsey, 1926), MWGUW ZI/67/49.Vra24 (V23); K —
Ammodiscus sp., MWGUW ZI/67/49.Vra02 (V3); L — Lenticulina sp., MWGUW Z1/67/49.Vra03 (V3); M — Eponides sp., MWGUW
Z1/67/49.Vra05 (V1); N — Miliolina sp., MWGUW Z1/67/49.Vra07 (V1); O — Textularia sp., MWGUW ZI/67/49.Vra15 (V14); P — Orbignyna sp.,
MWGUW Z1/67/49.Vra18 (V18B); Q-U — Arenobulimina sp., MWGUW ZI/67/49.Vra: 13 (V7), 16 (V12), 17 (V17), 19 (V18B), 28 (V24),
MWGUW Z1/67/49; VraXX — museum numbers; (VXX) — sample number; SEM; scale bar — 200 ym
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Fig. 14. Upper Turonian and Middle Coniacian foraminifera from the Babadag Basin

A — Dicarinella cf. imbricata (Mornod, 1949), V23; B — Helvetoglobotruncana praehelvetica (Trujillo, 1960), V1; C — Helvetoglobotruncana
helvetica (Bolli, 1945), V7; D — Heterohelix cf. reussi Cushman, 1938, V1; E — Marginotruncana cf. marianosi (Douglas, 1969), V16; F —
Marginotruncana schneegansi (Sigal, 1952), V14; G — Marginotruncana tarfayaensis (Lehmann, 1963), V26; H — Whiteinella brittonensis
(Loeblich and Tappan, 1961), V1; | — Archaeoglobigerina cf. blowi Pessagno, 1967, B25; J — Archaeoglobigerina cf. bosquensis Pessagno,
1967, B213; K — Globigerinelloides sp., B216; (VXX, B2YY) — sample number

Table 3

Foraminiferal abundance and P/B (planktonic/benthic
form ratio) in selected samples of the Visterna section

Sample Foraminifers
number | planctonic| Benthic P/
Vi 205 22 9.32
V7 359 45 7.98
Vi2 15 15 1.00
B 8 37 L
V16 86 28 3.07
V18 32 22 1.45
V20 4 28 0.14
V24 36 6 6.00
V25 2 10 0.20
V26 89 16 5.56
V31A 26 5 5.20
V32 65 25 2.60

substage. It has been reported from all over the Euramerican
biogeographic region.

Cremnoceramus deformis erectus (Meek, 1877); Fig-
ure 16F, G; four single valve moulds, moderately well-preser-
ved specimens from the lower part of the Caugagia section (C1)
(MWGUW Z1/87/055-058). This species constitutes the pri-
mary marker of the base of the Coniacian, and is well-repre-
sented in the Caugagia section.

Cremnoceramus deformis deformis (Meek, 1871); Fig-
ure 16D, E; two moderately well preserved specimens from the
higher part of the Caugagia section (C2) (MWGUW
Z1/87/059-060). Specimens preserved as a moulds of one of

the valves, shelly material is rare. Szasz (1985) described a
number of new species of the genus Cremnoceramus from
Babadag; the revision of his material is in progress (by Walasz-
czyk and Gradinaru).

Platyceramus ex gr. mantelli (de Mercey; Barrois, 1879);
Figure 17A-C; three moulds of single valves from the Baia 2
section (MWGUW ZI/87/061-063). The group was reported
from the Middle and Upper Coniacian of Romania (Szasz,
1985; Szasz and lon, 1988; Damian and Lazar, 2005). The
presence of the mantelli group and the absence of representa-
tives of the genus Magadiceramus suggests a Middle
Coniacian age (e.g., Walaszczyk and Cobban, 2006). However,
it cannot be excluded, that M. subquadratus is absent due to
environmental conditions.

AMMONITES

Ammonites are generally rare in the succession studied, al-
though they dominate the macrofossil record in the Baia 2 sec-
tion. Determination of the specimens collected was difficult due
to poor preservation. Most of the material is left in open nomen-
clature.

The genus Nowakites (Fig. 19C, D), known from the Conia-
cian—Santonian of Europe (Germany, Spain, Austria, Sweden)
Caucasus (Armenia), Asia (Japan, South India), Madagascar,
and North America (Texas; Kennedy et al., 1995), occurs in the
Middle Coniacian in the Baia 2 section.

Scaphites ex gr. fisheri (Fig. 18B) is reported from North
Dobrogea for the first time. It was found in the Middle Coniacian
of the Baia section — which is of considerably interest, given that
previously S. fisheri has been only reported from the Lower
Santonian—Lower Campanian (Kennedy and Christensen,
1991; Remin, 2010). Mesopuzosia (Fig. 18A) is a Turonian—Co-
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Fig. 15. Upper Turonian inoceramids of the Babadag Basin

A, B — Inoceramus perplexus Whitfield, 1877, MWGUW ZI/87/029-40; C, D — Inoceramus aff. perplexus Whitfield,
1877; MWGUW Z1/87/041-042; E, F — Inoceramus lamarcki Parkinson, 1818 group, MWGUW Z1/87/049-050;
scale bar — 1 cm; MWGUW ZI/87/XX — museum numbers
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Fig. 16. Upper Turonian and Lower Coniacian inoceramids of the Babadag Basin

A — Inoceramus inaequivalvis Schliter, 1887, MWGUW Z1/87/052; B, C — Mytiloides cf. striatoconcentricus (Gumbel,
1868), MWGUW Z1/87/053-054; D, E — Cremnoceramus deformis deformis (Meek, 1871), MWGUW ZI/87/059-060;
F, G — Cremnoceramus deformis erectus (Meek, 1877), MWGUW ZI/87/055-056; scale bar — 1 cm; MWGUW
ZI/87/XX — museum numbers
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Fig. 177A—C — Platyceramus ex gr. mantelli (de Mercey; Barrois, 1879, MWGUW Z1/87/061-063)

Scale bar — 1 cm, MWGUW ZI/87/XX — museum numbers

niacian ammonite reported from England, France, Germany,
Austria and Romania (Summesberger, 1992; Kennedy and
Gale, 2015).

The genus Peroniceras is a cosmopolitan Coniacian taxon
(Kennedy, 1984). Peroniceras tridorsatum (Schliter, 1867;
Fig. 19B) occurs in the eponymous (Middle Coniacian) and the
Gauthiericeras margae (Upper Coniacian) zones in Saxony
(Germany), Poland and Romania (Kennedy, 1984a, b; Szasz
and lon, 1988; Kaplan and Kennedy, 1994).

ENVIRONMENTAL INTERPRETATION

The Visterna, Caugagia and Baia 2 Quarry sections repre-
sent the majority of the Upper Turonian to Middle Coniacian
succession in North Dobrogea. Although the succession stud-
ied does not cover the entire interval (due to some observa-
tional gaps), our work on the fossil record, biostratigraphy, and
microfacies enables an assessment of palaeoenvironmental
conditions and palaeogeographic evolution of the Babadag Ba-
sin during the Late Turonian—Middle Coniacian.

UPPER TURONIAN

The base of the succession (Visterna, Unit 1) is dominated
by planktonic foraminifera. This is followed by an interval
(Visterna, Units 1—4) with a gradual, significant rise in the per-
centage of benthic foraminifera (mainly of the genus Textularia
and Arenobulimina, both agglutinating forms), leading to the
dominance of benthic forms (see Table 3). The trend reverses
in the higher parts of the section (Visterna, Units 5-10); plank-
tonic forms begin to dominate again. In general, the percentage
of benthic foraminifera appears to parallel the amount of
siliciclastic material present in the bulk sample. Among benthic
foraminifera, agglutinating forms dominate. EDS analyses con-
firm that — in most cases — calcareous foraminifera shells are
made of primary calcite and were not dissolved during
diagenetic processes. Moreover, benthic calcareous forms
co-occur with agglutinating forms; therefore, the abundance of
the agglutinating foraminifera appears to be due to environmen-
tal conditions, as opposed to diagenetic controls. An exception
are foraminifera from Unit 3 (sample V18B) and Unit 5 (sample
V27A) in which calcareous planktonic foraminifera are pre-

served as silicified moulds (including pore fillings; the planktonic
forms are almost exclusively present), with dissolved shells
(Fig. 20).

It is well-known that very shallow or very deep, low pH envi-
ronments allow for the dominance and high abundances of ag-
glutinating foraminifera (Murray and Alve, 2011; Dubicka and
Machalski, 2016; Walaszczyk et al., 2016a). In the Visterna
section, agglutinating forms commonly co-occur with well pre-
served, keeled planktonic forms, which may indicate a higher
environmental tolerance than in contemporary forms (Murray
and Alve, 2011) of Late Cretaceous agglutinating foraminifera.
This conjecture is supported by: (1) good preservation of agglu-
tinating forms’ shells, which excludes the possibility of signifi-
cant transportation prior to deposition; (2) preservation of the
primary composition and structure of planktonic foraminifera
shells, which excludes the possibility that the relative enrich-
ment in the frequency of the agglutinating forms was a result of
the dissolution of planktonic forms; and (3) low organic matter
contents in the samples examined for dinoflagellate cysts,
which is evidence of normal, oxic conditions at the seawa-
ter-sediment interface. The lack of primary calcite in fora-
minifera shells from samples V18B and V27A, and the conden-
sation of these microorganisms in sample V27A is interpreted
as a consequence of diagenetic dissolution and washout of car-
bonates from originally calcareous strata.

Distinct Tethyan influences in the Late Turonian of the
Babadag Basin may be inferred based on the comparison of
foraminiferal assemblages from the Babadag and from the Mid-
dle Vistula River section (Central Poland; see Peryt, 1980;
Walaszczyk and Peryt, 1998). Marginotruncana cf. marianosi,
M. schneegansi and M. tarfayaensis — all found in the Babadag
Basin — are typical Tethyan species (see e.g., Ardestani et al.,
2012; Kazemi et al., 2014; Chen et al., 2015; Reolid et al.,
2015). Intervals with clear dominance of calcareous algae may
be considered evidence for repeated eutrophic events.

During the Late Turonian, the Babadag Basin constituted a
relatively shallow, nearshore to offshore environmental setting.
Several lines of evidence support this supposition: for example,
terrigenous quartz is relatively abundant; and, there is a diverse
abundance of benthic organisms (foraminifera, echinoids, bi-
valves, brachiopods, algae, corals, bryozoans and ostracods).
A shallowing event is recorded in the middle part of the
Turonian succession (units 2—4 of the Visterna section;
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Fig. 18. Upper Turonian and Middle Coniacian ammonites of the Babadag Basin

A — Mesopuzosia cf., MWGUW Z1/87/001; B — Scaphites ex gr. fisheri Riedel, 1931, MWGUW ZI/87/028; C, D — Lewesiceras
mantelli (Wright and Wright, 1951), MWGUW Z1/87/002—-004; scale bar — 1 cm; MWGUW Z1/87/XX — museum numbers
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Fig. 19. Middle Coniacian ammonites of the Babadag Basin

A — Peroniceras sp., MWGUW Z1/87/016; B — Peroniceras tridorsatum (Schluter, 1867), MWGUW Z1/87/017; C, D — Nowakites sp.,
MWGUW Z1/87/019-020; scale bar — 1 cm; MWGUW Z1/87/XX — museum numbers
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Fig. 20. Dissolved calcareous foraminiferal tests with silicified moulds and pores fill-in (A and B)

Scale bar — 10 ym

Fig. 21), characterized by a significant increase in the abun-
dance and grain size of detrital quartz. This Middle—Late
Turonian shallowing (emergence?) event is consistent with the
Late Turonian trends recorded in many European and Ameri-
can sections (Hancock and Kauffman, 1979; Hancock, 1989;
Hart, 1990; Hancock and Walaszczyk, 2004; Haq, 2014) and is
thus interpreted with respect to the Late Turonian eustatic re-
gression. However, it may be also interpreted as a synrift event,
related to Peceneaga—Camena fault activity triggered by the
Western Black Sea basin opening (see Krezsek et al., 2018).

LOWER CONIACIAN

A marine shelf, off-shore environment is suggested by: (1)
very limited terrigenous input and sparse quartz content; (2)
small detrital grain size and (3) a fossil record dominated by
inoceramids and open-marine, planktonic foraminifera.

MIDDLE CONIACIAN

No characteristic Tethyan species occur in the Middle
Coniacian of the succession studied; the foraminiferal assem-
blages are in line with those of the transitional province
(Pozaryska and Peryt, 1979; Peryt, 1980; Walaszczyk and
Peryt, 1998). The microfacies succession documented in the
Baia 2 section indicates a significant rise and subsequent fall in
detrital and quartz content. An interpretation of this trend in
terms of bathymetric changes is supported by concomitant
changes in fossil assemblages, and suggests that a regres-
sive-transgressive cycle was responsible.

In general, the Middle Coniacian, as represented by the
Baia 2 succession, represents a pelagic environment. This en-
vironmental interpretation is based on a very sparse content of
very fine-grained quartz, the presence of laminations in parts of
the succession, and by the fossil assemblage limited almost ex-
clusively to algae, sponges and foraminifera. A shallowing

event (at its maximum in the B,11 sample) is recorded in the
middle part of the succession (units 2—4), as indicated by
cross-bedding, ripple marks, a distinct increase in quartz con-
tent, and intraformational breccia (B,11 sample, Unit 3). The
breccia matrix is rich in foraminifera, echinoids, bivalves, bryo-
zoans, ostracods, sponges and algae. A tectonic trigger of the
breccia formation cannot be excluded.

CONCLUSIONS

Three quarry sections — Visterna, Caugagia, and Baia 2 —
provide a significant and meaningful insight into the Upper
Turonian—-Middle Coniacian succession of the Babadag Basin
(with the minor caveat that some observational gaps unfortu-
nately exist between these sections).

The base of the succession may be securely assigned to the
early Late Turonian. Based on an inoceramid assemblage [com-
posed of Inoceramus ex gr. lamarcki Parkinson, 1818, Mytiloides
cf. striatoconcentricus (Gimbel, 1868), and Inoceramus aff.
pemplexus Whitfield, 1877], it may be safely located in the
Inoceramus perplexus and Mytiloides striatoconcentricus zones.
The Lower Coniacian, although poorly exposed at present, yielded
arich Cremnoceramus fauna, which places this portion of the suc-
cession in the Cremnoceramus deformis erectus and
Cremnoceramus deformis deformis zones, of the early and middle
parts of the Early Coniacian. The Middle Coniacian is denoted by
the ammonite Peroniceras tridorsatum (Schliter, 1867) and
Platyceramus ex gr. mantelli (and the lack of Magadiceramus).

The inoceramid and ammonite biostratigraphic zonations
are in agreement with age assignments based on foraminiferal
assemblages. The zones recognized of Helvetoglobotruncana
helvetica, Marginotruncana coronata/Marginotruncana schne-
egansi, and Marginotruncana sinuosa and/or Dicarinella
concavata are standard zones in this interval. The planktonic
foraminifera reveal a distinct Tethyan influence.

v

Fig. 21. Integrated biostratigraphy, microfacies, quartz content and relative sea level changes in the Late Turonian—
Middle Coniacian in the southeastern part of the Babadag Basin

C. def. — Cremnoceramus deformis; V. — Volviceramus; amm. zonation — ammonite zonation; inoc. zonation — inoceramid zonation;
foram. zonation — foraminiferal zonation; other explanations as in Figures 5 and 8
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During the Late Turonian—Middle Coniacian the Babadag
Basin was a relatively shallow sea. It was located close to
source areas of terrigenous material, and thus was sensitive to
detrital input. Microfacies and fossil assemblage analyses re-
veal that generally stable bathymetric conditions held through-
out this interval, with two regression events, one in the Mid-
dle-Late Turonian and one in the Middle Coniacian. The
Middle—Late Turonian regression may be an expression of the
main Late Turonian eustatic trough. The enhancement of these
bathymetric trends by local tectonic events — the opening of the
western Black Sea basin and activity of the Peceneaga—Ca-
mena Fault — is quite probable.
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