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STRATIGRAPHY OF THE OUTCROPPING ORETAGEOUS DEPOSITS IN
SOUTHERN DOBROGEA (SE ROMANTA)!

BY
EMIL AVRAM® ANDREI DRAGANESCU?, LADISLAU SZASZ?2, THEODOR NEAGU 2

Crelaceous. Lithosiratigraphy. Lilhofacies. Epicratonie sedimentalion. Coastal environments. Offshore environments. Bio-
facies. Biostraligraphy. Dobrogea — Soulhern Dobrogea.

Abstraet

The exposed Cretaceous deposits of Southern Dobrogea are here demonstrated to encompass a sequence of geological
formations standing for distinct sedimentary cycles separated by major stratigraphic gaps : Cernavoda Formation (Upper Titho-
nian ?-Berriasian-Valanginian) ; Ramadan Formation (Bedoulian ; locally, Barremian-Bedoulian); Gherghina Formation (Gar-
gasian ; locally, Bedoulian ?-Gargasian- ?Clansayesian); Cochirleni Formation (Clansayesian ?-Albian) ; Pestera Formation (Lo-
wer Cenomanian); Cuza Vodd Formation (Middle?, Turenian); Murfatlar Formation (Santonian-Lower Campanian). Conside-
ring both the lithologies and the faunas, it is to conclude that most formations have been accumulated within coastal or sub-
coastal marine settings, under either prevailingly carbonate facies (Cernavoda, Ramadan) or mainly detrital terrigeneous facies
(Cochirleni, Pestera, Cuza Vodi). Subordinate sedimentation under continental conditions (Gherghina) or, contrarily, under ne-
ritico-pelagic (but shallow) marine conditions (Murfatlar) can be noted. The biostratigraphical data have allowed for an accu-
rate chronostratigraphical localisation of most distinguished formations, and good insights into dating their lithostratigraphic
component terms as well as into delinealing the time spans covered by the inter-formational stratigraphic gaps; the latter
ones correspond to the following time inlervals: Hauterivian ; Clansayesian ; Upper Albian, in places Vraconian only;
Middle-Upper Cenomanian; Coniacian-lowermost Santonian; Middle Campanian-Maastrichtian,

Résumé

La stratigraphie des dépéls crétacés affleurant dans la Dobrogea méridionale (SE de la Roumanie ). On a séparé dans le
Crétacé de la Dobrogea du Sud une succession de formations géologiques représentant des cycles de sédimentation distinets déli-
mités par des lacunes stratigraphiques majeures : formation de Cernavoda (Tithonique supérienr ?-Berriasien-Valanginien), forma-
tion de Ramadan (Bedoulien ; localement Barrémien-Bedoulien), formation de Gherghina (Gargasien ; localement Bedoulien 2-
Gargasien- ?Clansayésien), formation de Cochirleni (Clansayésien 2-Albien), formation de Pestera (Cénomanien inférieur), forma-
tion de Cuza Vodd (Turonien moyen ?), formation de Murfatlar (Santonien-Campanien inférieur). La plupart des formations ont
¢ié déposées dans des conditions costales cu subcostales, en faciés  prédominance carbonatée (Cernavoda, Ramadan) ou bien en
faciés surtout détritique (Cochirleni, Pestera, Cuza Vodi). Hormis celles-14 i1 v a des formations sédimentées en des conditions
continentales (Gherghina) ou en des conditions & prédominance néritique-pélagique mais de petite profondeur (Murfatlar).
L’¢tude biostratigraphique a préciséla distribution chronostratigraphique de ces formations ainsi que des lacunes stratigraphiques
qui les séparent, les derniéres correspondant aux intervalles : Hauterivien, Clansayésien, Albien supérieur (localenient Vraconien
seulement), Cénomanien moyen-supérieur, Coniacien-Santonien basal, Campanien moyen-Maastrichtien.

I. INTRODUCTION

The field and laboratory work carried out during a period of severa: years by the authors
of the present note has provided an image rather different and, we think, more precise as compared
to those published so far upon the stratigraphy of the Cretaceous deposits in Southern Dobrogea.

1 Received April 27, 1984, accepted for publication May 9, 1984.

% Institutul de Geologie 5i Geolizica, str. Caransebes nr. 1, R 79678, Bucuresti 32.

3 Universitatea Bucuresti, Facullatea de Biologie, Geologie 5i Geografie, Catedra de paleontologie, Bd. N, Balcescu
nr. 1, Bucuresti.
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G E. AVRAM et al. 9

From the whole data bulk, the identification and definition of the geological formations as well
as their areal distributions, gross lithologies and mutual stratigraphic relationships stand for the
result of the joint mapping undertaken by the first three authors (E.A., A. D., L. 8.); the litho-
logical-petrological, lithostratigraphical, facies (ecological-sedimentological) and environmental
aspects within each formation have been refined by Driginescu ; the macropaleontological-macro-
biostratigraphical study has been accomplished by Avram and Szdsz with regard to the Lower
and, respectively, Upper Cretaceous; the micropalcontological-microbiostratigraphical data have
been supplied by Neagu ; the english version of this paper has been achieved by one of the authors
(A. D.).

Present study follows chronologically a series of gradually more and more detailed papers
concerning the geology of Southern Dobrogea, whose beginnings are placed by the middle of the
previous century. The pioneering works by Reuss (1865) and Peters (1867) were subsequently sup-
plemented with new data by Anastasiu (1898, 1908), Toula (1904), Paquier (1901), Simionescu
(1906, 1926). The basic contribution to the knowledge of the south-dobrogean Cretaceous sequence
was brought, however, by Macovei (1911, 1934 — in Macovei, Atanasiu, 1934); his classical work
has been recently followed by papers authored chiefly by Chiriac (1956, 1957, 1960, 1961, 1968,
1981), Bincild (1973), Chiriac et al. (1977) and Neagu et al. (1977). The completion of the present
paper was preceded by the publication under a graphical form (geological maps 1150,000, Medgidia
and Pestera) of the field mapping data by the first three authors (Avram, Driginescu and Szasz,
in Ghenea et al., 1984 a, 1984 b) 4.

The Dobrogea county is located in SE Romania, between the Danube lower course and
the Black Sea. The Cretaceous sequences of Southern Dobrogea belong to the slightly deformed,
Paleozoic-Mesozoic, sedimentary cover of the Moesian Platform. The Dobrogean sector of this struc-
tural unit includes the Central and Southern Dobrogea compartments, and stands for the Moesian
sector displaying the highest overall structural position, exposing both the Precambrian basement
and the Jurassic and Cretaceous cover terms (e.g. Driiginescu, 1974 ; Driginescu in Drigdnescu et
al., 1978, 1979, and in Muresan et al., 1982); the Cretaceous terms are largely developed in Sou-
thern Dobrogea and southernmost Central Dobrogea only ; northwards, they make up scattered and
restricted patches.

The Cretaceous deposits in Southern Dobrogea (here included also those of southernmost
Central Dobrogea) are almost tabular. They are exposed along valleys as discontinuous strips nsually
located in the lower part of the slopes but in places occupying the whole slope height. The strati-
graphic relationships with the pre-Cretaceous terms, the latter outcropping only within Central
Dobrogea, are usually obscured by the thick Quaternary loess cover; they can be noticed in places
just along the southernmost border of this unit, here the Meso- and Neocretaceous terms trans-
gressively overlying older (Jurassic and pre-Jurassic) formations. The Cretaceous successions under-
lie local Paleogene or Upper Badenian deposits or, directly, widespread Middle Sarmatian and
Quaternary sediments, the latter (loess) covering more than 90 percent of the surface of the investi-
gated area.

Given the outcropping conditions (exposures relatively frequent but discontinuous and
linear), the judicious identification, interpretation and correlation of the lithostratigraphic units
have required a rigurous interdisciplinary, paleontological-petrological, approach of the Cretaceous
sedimentary pile. Finally, we have been able to define formations (and eventually members) with
distinctive lithologic and biologic features, and to refine or to modify the previously accepted bio-/
chronostratigraphical and ecological-sedimentological images.

Because of the substantial depositional gaps accompanied by more or less drastic erosional
effects, gaps corresponding to the stratigraphic discontinuites noted between the distinguished for-
mations, both present-day areal extent and conserved thickness of every Cretaceous formation are
often considerably diminished as against the original (directly post-depositional) picture; this
statement is clearly supported by the more or less discontinuous areal development and the more
or less incomplete stratigraphic column currently shown by the studied formations, as well as by
the frequent reworking of faunas proceeding from eroded sequences of different Cretaceous forma-
tions, within overlying, younger Cretaceous formations. The restoration of the original extent and

4 JMeantime, between the present paper submission and its publication, 1wo notes have been published on the Lower
Cretaceous deposits of South Dobrogea : Neagu T., Dragastan O, 1984 — Stratigrafia depozitelor jurasice si eocretacice din
Dobrogea de sud (Stud. cerc. geol., geoliz. geogr., Geol.,, 29, p. 80—87, Bucuresti) — and Dragastan 0., 1985 — Upper Jurassic
and Lower Crelaceous formations and facies in the eastern area of the Moesian Platform (South Debrogea included) (Anal. Univ,
Bucuresti, Geol.,, XXXIV, p. 77— 853]. These notes put forward siratigraphical images partly similar to those depicted in the al-
ready published maps (geological sheets Medgidia and Pestera 1:50,000, 1984, see Introduclion and references), but the supplied
descriptions are, unfortunately, rather simplifying and cenfuse.
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3 CRETACEOUS DEPOSITS — SOUTHERN DOBROGEA 7

anatomy of every formation has been accomplished by assembling the data supplied by extant
exposures and, subsidiarily, considering also (when available reliable data) the evidence provided
by drillings.

SEVGH formations have been identified and named by three of the present authors (B. A.,
A. D. and L. S.) in the exposed Cretaceous sedimentary succession of Southern Dobrogea. They
are described successively and in ascending str?igmphical order in the next section of the paper.
For their cartographical representation the reader is referred to the maps published by the first
three authors (in Ghenea et al., 1984 a, 1984 D). A simplified geological map and a general strati-
graphical column are published in the present paper (Plates I and II).

11, DESCRIPTION OF THE GEOLOGICAL FORMATIONS

A. Lower Cretaccous

The outcropping Eocretaccous deposits within Southern Dobrogea are clustered here into
four formations :

1. Cernavoda Formation (Upper Tithonian ?-Berriasian- Valanginian) ;

2. Ramadan Formation (Bedoulian ; locally, Barremian-Bedoulian) ;

3. Gherghina Formation (Gargasian; locally, Bedoulian ?-Gargasian- ?Clansayesian) ;

4. Cochirleni Formation (Clansayesian ?-Albian).

1. Cernavoda Formation (Upper Tithonian?-Berriasian-Valanginian)

The Cernavoda Formation, an essentially carbonate and subordinately marly-clayey (also
evaporite in subsurface) rock sequence, crops out discontinuously between the Danube to the west
and the Poarta Albi—Dumbriveni alignment to the east, and between the upper course of Agi-
cabul valley (south of Kogilniceanu village) to the north and the Romanian—Bulgarian frontier
to the south. South of the Capidava—Ovidin lineament, it has been crossed by drillings only west-
wards from the Palazu Mare—Valu lui Traian—Cobadin —Plopeni—Negru Vodi slignment (Vasi-
lescu, Dragomirescu, 1977).

The most characteristic (complete, thick and multifacies) successions of this formation oceur
in the Cernavoda town area (here chosen as type area of the formation), if considered both surface
(our investigation) and published subsurface (Bincild, 1973) data. However, the suberopping sections
are beyond the present paper purposes. The most complete outeropping sequence in this area (see
Alimanu Member description below) is exposed in the Danube right-bank cliff between the Cerna-
voda bridge, to the north, and the northern tip of Hinog eyot, to the south; this sequence — here
designated as the outeropping main type section of the formation — is complemented by several
auxiliary type sections in the same area : artificial exposures at Saligny lock on the Danube—Black
Sea channel (cut along the Carasu valley) and at the Cernavoda nuclear-electric plant (artificial
slopes at the Cigmelei valley mouth), as well as natural outcrops in the Danube cliff immediately
south of Cochirleni village. Other exposed auxiliary type sections include the type sections of the
component members ; they are gituated in different areas.

In the foregoing type area as well ag in the whole region located between the Capidava—
Ovidiu and Rasova—Pestera— Cobadin alignments (region including the type area), the lowermost
lithologic term of the formation consists of a “gypsiferous complex’” and an associated ‘‘polycolou-
red marly-clayey series” and it has been recognised only in boreholes (Bincild, 1973); this term
was demonstrated by Driginescu (1976) to stand for the eastward prolongation, on the Dobrogean
territory, of the Neocomian gypsiferous-anhydritic sequences subcropping in the east-wallachian
coctor of the Moesian Platform; the term is outside the scope of the present paper, being develo-
ped only in subsurface. However, the published petrological descriptions (Béncild, 1973 ; Drigines-
cu, 1976) enable the sedimentological conclusion that, as a whole, this term illustrates coastal
marine depositional conditions ranging from primarily evaporitic (sulfate) tidal flats (sabkhas) (the
gypsiferous sequences) to predominantly brackish tidal flats (the variegated pelites). This term is
ascribed to the Tithonian —Berriasian interval by previous students (Bincild, 1973 ; Chiriac et al.,
1977). However, its location around the Berriasian/Tithonian boundary seems to be beyond any
doubt at present time.

In the whole area of development, the Cernavoda Formation overlies directly the Upper
Jurassic carbonate deposits (contact not exposed ; drilling data). In its turn, it is covered disconfor-
mably (contacts exposed) and discontinuously by deposits belonging to younger Cretaceous formations
and generally, and sometimes d_irc.ct.ly, by Neogene or Quaternary deposits. The noticeable strati-
graphical relationships with various younger Cretaceous formations are of a direct interest for the

i i Institutul Geologic al Romaniei



8 E. AVRAM et al. 4

purposes of the present study. Thus, the Cernavoda Formation i disconformably overlain directly
by terms belonging to the following Cretaceous formations : Ramadan Formation (Cismelei valley
sector, i.e. at atomo-electric plant and at 1.3 km east of it, within a shallow boring ; Carasu valley,
immediately south of Saligny lock ; Remus Opreanu valley, south of Medgidia subsidiary railway
station ; Baciu valley ; at Lipnita; SE of Bugeac lake; and in Bineasa drilling) ; Gherghina For-
mation (Danube cliff between Cernavoda and Hinog valley mouth); Carasu valley, west of Saligny,
west of Medgidia, at Castelu and, on the channel floor, at Poarta Albd ; Remus Opreanu valley,
directly SE of the homonymous village ; upper course of the Agicabul valley); Cochirleni Formation
(Danube cliff, south of Hinog; Pegtera—Cochirleni valley at 2 ki SE of Ivrinezu Mare ; Baciu
valley ; Adamelisi—Alimanu valley, in the Sipote village area; Canaraua Fetii valley ; in the cliffs
of the Oltina and Bugeac lakes); Pestera Formation (Diulari valley, cast of Pestera village); and
Murfatlar Formation (Poarta Albi locality area : right slope of Carasu valley and quarries in the
left slope of Cocosu valley lowermost course).

The Cernavoda Formation can be divided, according to ourdata (A. D.), into three outeropp-
ing members (corresponding to three distinet major lithofacies associations developed essentially as
three large rock bodies) :

a. Poarta Albd Member (Berriasian): an essentially dolomitic unit ;

b. Medgidia Member (Berriasian): a polygenous (dolomitic-marly-clayey-calcareous) unit ;

c. Alimanu Member (Upper Berriasian — Valanginian) : an almost exclusively calcareous unit.

The stratigraphical relationships between the last two members are essentially of super-
position (and, certainly, conformity);on the contrary, the first two members are mostly synchronous
(and laterally interfingering), their possible partial superposition (involving the possibility for
the uppermost terms of the Medgidia Member to be stratigraphically placed above the last terms of
the Poarta Albd Member) remaining still a matter of debate.

a. The Poarta Albd Member (dolomitic member) is typically exposed in the quarries situated
in the vicinity of Poarta Albd locality (local right slope of the Carasu valley, and left slope of the
lowermost course of the Cocosu valley along a length of 2—2.5 km); additional outeropping ean
be noted along the Adamelisi —Alimanu valley in the Adamclisi locality area ; this member has also
been exhumated temporarily on the floor of the Danube—Black Sea channel (Carast valley thal-
weg along a distance of about 1 km in front of the Poarta AIb% railway station).

The most appropriate type section (consequently, thoroughly examined by the authors)
would have been provided by the continuous succession artificially exposed along the channel floor
at Poarta Alb# ; hut this temporary exposure is no longer accessible and, thus, the only available
sections in the Poarta Albd type area are presently supplied by the foregoing quarries concentrated,
roughly speaking, at the Cocosu valley mouth.

This member is composed of a sequence of medium- to thick-bedded dolostones (individual
beds being 3—4 dm up to a few meters thick) containing subordinate intercalations of greenish
marlstones or claystones, in places highly fissile(marly [clayey shales), these intercalations reccurring
more frequently towards the lower part of the exposed sequence ; locally, the rocks are slightly
gypsiferous. Tt is to be stressed that both the lower portion of the stratigraphic succession of this
member and its lithological transition to the subjacent (variegated clayey-marly and gypsiferous)
lowermost term of the Cernavoda Formation are not exposed, but developed only in subsurface and
crossed by drillings in the Poarta Albd —Nazarcea area ; the drillings seem to corroborate the exposed
lithology and suggest a gradual downward passage of this dolomitic member to the variegated pelitic
sequence ; unfortunately, the extracted cores have not been available for a petrological (but only
micropaleontological) study to the authors.

From sedimentological viewpoint, the dolostones (highly variable as size and shape of the
replacive, syngenetic-early diagenetic, component dolomite crystals) consist of alternating beds
or bedsets exhibiting either intense bioturbation (chiefly mottling) or undisturbed, millimetric, even
planar lamination of a mechanical nature (mechanical laminites), therefore suggesting slightly super-
saline, intertidal to supratidal depositional settings. The marly clayey interbeds show similar sedi-
mentary structures and suggest the same depositional conditions (chiefly supratidal flats and pools)
but, however, variable lower salinities (normal marine to subsaline environment) and sudden abundant
clayey influxes of a probably direct continental derivation during ephemeral humid periods. The
scattered occurrence of gypsum microcrystals and nodules dispersed within some dolomitic or marly-
dolomitic beds or bedsets supplies evidence for the episodic existence of highly supersaline supra-
tidal conditions. The sparsely associated, brackish to freshwater, fossils (characeae and foraminifera 4
see below) support the above-assumed salinity variability and the above-emphasized depositional
environments (schizohaline tidal flats). As a whole, the lithologies, the sedimentary (non-biogenie
and biogenic) structures and the hiological remnants are consistent with a marine tidal flat facies
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5 CRETACEOUS DEFPOSITS — S0UTHERN DOBROGEA 9

association of a prevailingly dolomitic type, hence currently evolved under slightly supersaline
conditions, but transiently displaying either normal saline to drastically subsaline or considerably
supersaline episodes.

The age of thiz member can be estimated considering a characean assemblage provided by
the underlying multicoloured clayey-marly suite (93—138 m subsurface depth interval) and a fora-
miniferal assemblage supplied by the very here-discussed member (at 68 m and 93 m subsurface
depths), both assemblages being obtained from the Nazarcea borehole. The former assemblage, con-
taining Flabelochara grovesi (Hairis), Nodosoclavator bradleyi (Harris), Globator mailardi (Saporta),
Clypeator corrugalus (Peck), is indicative of the uppermost Purbeckian interval ; the latter assemblage,
including Danubielle cernavodensis Neagu, Anchispirocyclina maynei (Hottinger), Erverticyclamming
virguliana (Koechlin), Rectocyclammina chouberti Hott, points to the Upper Berriasian. Accordingly,
the Poarta Albd Member sequences begin probably in the Lower Berriasian and extend upwards into
the Upper Berriasian.

The exposed thickness of this member can be established just approximately, given the lack
of continuous sections, at some 25—30 m.

b. The Medgidia Member (polygenous member) exhibits its typical outcropping (chosen Lere
as type section) in the southern slope of the Carasu valley in the neighbourhood of the Medgidia
town (between the cement factory quarry and the new harbour to the cast, and 1.5—2 km west
of the town stadium to the west); additional typical exposure occurs in the Danube cliff at the Pes-
tera--Cochirleni valley mouth and direetly upstream (southwards); the uppermost part of thismem-
ber was temporarily exposed also by the excavations made at the Saligny lock (on the Danube—
Black Sea channel) and at the atomo-electric plant location. In all these sectors, the passage to the
suprajacent Alimanu Member is also exposed. The maximum exposed thickness of the Medgidia
Member lies within 15 m and corresponds to its (upper and top) outcropping parts.

This meniber stands for the lithostratigraphic unit displaying the largest lithologic diversity
and the fastest vertical and lateral change in gross lithology, among the units composing the Cerna-
voda Formation. It consists of an uneven, decimetric to metrie, and irregular, apparently disordered,
interbedding of limestones, dolostones, marly limestones, marlstones and claystones ; the rocks are
sporadically gvpsiferous. These lithologies are further on briefly described in terms of those sedi-
mentologic-biologic features diagnostic of the depositional conditions.

The limestones are represented by foraminiferal-oncolitic(-locally oolitic) calcarenites,
pelletal-peloidal calearenites, (locally conspicuously microfossiliferous) caleilutites and, subsidiarily,
oolitic calcarenites and biocalcirudites (the latter dominated by dwarf nerineids and variable-sized
naticids). By their petrography, the limestones {ypify lagoonal-tidal flat environments. They are
stratified, the beds ranging between 2—5 dm and 1 —2 m in thickness. From macrostructural stand-
point, the limestone beds (irrespective of their foregoing petrography) look either homogeneous (struc-
tureless, usually owing to the thorough biogenic mixing, or, otherwise stated, mirroring the extreme
bioturbation of the original lime sediments), or intensely bioturbated (churned |mottled |spotted [speck-
led structures, all of them being varieties of the same biological activity : biogenic mottling), or
min-laminated in a (micro)erinkled |wrinkled pattern (mierobial, probably cryptalgal, laminites)
and in an even planar pattern (mechanieal laminites); the former two structure types are strongly
indicative of subtidal to lower intertidal accumulations, and the latter ones (the laminites) — of
upper intertidal to supratidal accumulations. The faunas typify lagoeonal-peritidal conditions, with
variable salinity ranging from normal marine to brackish (euryhaline lagoonal foraminifera : dicycli-
nid lituolaceans — Amnocycloloculing, abundant miliolids, frequent spiroeyelinid lituolaceans ; ostra-
codes ; euryhaline macrofauna, often dwarf). The eyanophycean products in profusion, both as loose
corpuscles (oncoliths : algal oncoliths s.str., algal pellets, algallumps, ete.) and attached crusts (algal
laminites), argue for lagoonal subtidal-intertidal conditions. As a whole, the limestones, extremely
sensitive environment receptors and thus critical factors in environmental estimates, point, in the
present case, to the whole range of slack-water subtidal (lagoonal, commonly slightly subsaline)
through supratidal (usually equally slightly subsaline) conditions.

The dolostones, more or less marly, are commonly microerystalline and make up decimetric
beds often highly fissile and having a strong appearance of papery shales, highly suggesting upper
intertidal-supratidal, penecontemporaneous-dolomitized (by slightly supersaline solutions), clayay-
caleareous, mechanical-laminitic muds as their precursor.

The marly limestones, the marlstones and the (kaolin-rich or ordinary) claystones cceur as
decimetric (seldom metric) beds interspersed among the other lithologies, and show either homo-
geneous or an even planar mm-laminitic structure ; they contain ostracodes, characeae and, in places,
foraminifera similar to those found inthe interbedded limestones. This continuous petrologic spectrum
of clay-bearing mudrock varieties asks, by its features, for supratidal (flat and pool|pan) environ-
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10 E. AVRAM et al. 6

mental conditions under commonly (slightly to drastically) deereased marine salinities (brackish- to
freshwaters).

The sporadical occurrence of sulfate evaporites (scattered crystals and nodules, the latter
frequently caleitized) both within clayey-bearing rocks and in the fine-grained laminitic limestones,
is a strong evidence for the temporary existence of hypersaline supratidal episodes.

Assembling the above data, the lithologies, the depositional structures and the fossils conelu-
sively substantiate depositional conditions ranging from slightly restrictive (more or less subsaline)
marine lagoonal subtidal envirenments up to moderately or highly restrictive (hypersaline through
freshwater) intertidal and supratidal peri-marine settings. Accordingly, the whole succession of the
Medgidia Member stands for the product of a marginal-marine sedimentstion of a calcareous-clayey,
usually subsaline, tidal flat type.

This lithology, tiansitional between the dolomitic facies of the Poarta Albd Member and
that exclusively calcarcous of the Alimanu Member (see below), places the Medgidia Member into
an intermediate position between the other two members, but only from facies viewpoint.

As for the chronostratigraphic position, we assign an overall Berriasian age to the Medgidia
Mewber, without supplementary age specifications or connotations, for three reasons :

— only one section of the member (southein slope of the Carasu valley, 1 km west of the
Medgidia stadium, within a set of marly beds)has provided a characteristic foraminiferal assemblage ;
it certifies an Upper Berriasian age : Ammocycloloculina erratica (Jack. & Favr.), dominant (P1. III,
Fig. 2), Pseudocyclammina lituus Yabe & Hanzava, P. parrula Hott., Rectocyelammina chouberti Hott.
(accompanied by innumerable characeae, mostly belonging to the genus Nodosoclavator, and ostra-
cods) ; since the position of the dated beds within the stratigraphic column of the member cannot
be accurately defined, it is not possible to make a clear cut between the lithostratigraphic interval
belonging to the Upper Berriasian and the one pertaining eventually to the Lower Berriasian ;

— the Medgidia Member grades upwards into the Alimanu Member whose lowermost terms
point already to a certain Upper Berriasian age, these facts elaiming a localisation of the upper boun-
dary of the Medgidia Member within the Upper Berriasian interval ;

— as neither the base of the Medgidia Member crops out nor the relationships between this
member and Poarta Albi Member are visible for lack of exposures, the base of the Medgidia Mem-
ber cannot be precisely dated; it can be only stated that, given its location above the subcropping
marly-gypsiferous complex, it does not descend into Tithonian but it remains within  the Berriasian
interval.

Accordingiy the age of the Medgidia Member is mostly Upper Beniasian, probably descending
also in Lower Berriasian.

¢. The Alimanu Member (calcareous member) is particularly well exposed. It crops out
largely in the very type section of the formation — the Danube cliff between the Cernavoda bridge
and the Hinog valley mouth —, in the Cernavoda harbour area (Danube and Carast valley
mouth cliffs), in the Carasu valley slopes (between Cismelei valley mouth and Remus Opreanu
valley mouth, as well as in the cement factory quairy near Medgidia), in the Remus Opreanu
valley, along the Diulari and Roseanu valleys (right-hand tributaries of Pestera valley), in the
steep slopes and cliffs of almost all the course of both the Baciu valley and the Dumbrdveni—
Sipote —Adamelisi—Alimanu valley (the latter accommodating the sequence designated here as
the type section of this member), then in Raristea—Mirleanu valley, along Canaraua Fetii valley
and around the Bugeac lake. The characteristical manner of exposure of this member is expressed
by (low to high) long continuous cliffs or walls bordering valleys or lakes. The member base and
the passage to the underlying Medgidia Member crop out only in the areas of Medgidia Member
exposure (see description above).

The type section has been chosen by us in the cliffs of the Adamelisi—Alimanu valley in
the Alimanu village area, here the member under discussion being widely (and its diagnostic featu-
res typically) exposed ; unfortunately, its base does not outerop. The member consists here of a
calcareous succession, some 30—40 m in thickness, medium bedded to thick bhedded (0.2—2 m
thick individual beds), and making up a gently folded tabular structure largely exposed in both
(very steep) slopes of the valley (the latter known under the local name of Vederoasa valley). The
succession involves a pile of algal (chiefly oncolitie, subordinately dassycladacean) and zoogenous
(skeletal = microcoprolitic) calcarenites and caleirudites randomly interbedded, the petrologic end-
terms being often composed nearly exclusively either of foraminiferids and molluscan shells or
shell debris, or of oncolitic - dassyclad 4- faccal-pelletal products ; the succession accomodates several
beds rich in robust peleeypods (ostreids, trigoniids, miids, subordinately pachiodonts) and|or gastro-
pods (abundant specimens of Nerinea, Natica, Trochonatica, Leviathantia, Ampulina, Purpuroidea,
Harpagodes). This succession ix overlain by a calcareous scquence, 10—12 m thick, containing
numerous intercalations (1—35 dm) of greeunish (and subordinately reddish) marls and ﬁpuradic-z{l
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7 CRETACEOUS DEPOSITS — SOUTHERN DOBROGEA 11

decimetric beds of dolostones, pertaining, if considered the micropaleontologic data, to the Barre-
mian (see below the Ramadan Formation).

The outeropping main type section of the Cernavoda Formation (Danube cliff between
Cernavoda bridge and Hinog valley mouth) consists practically only of the (slightly south dipping)
succession of the Alimanu Member. It is entirely similar in almost all respects to the Alimanu
(Vederoasa) valley section. The calcareous sucecession, 30—35 m thick, consists of the same biocal-
carenitic-biocalciruditic background containing the foregoing shell-rich beds abunding in more or
less diversified pelecypods andjor gastropods; it should be stressed the occurrence of some beds
flatly dominated either by pachiodonts (- gastropods) or by ostreids, trigoniids andor gastropods ;
also worth noting is the subordinate reccurrence of beds exhibiting either beautiful stromatolitie
algal structures, or (nests of) relatively frequent caleisponges/hydrozoans|chaetetids, or sporadical
tiny coral colonies, or sparse brachiopods.

It is obvious, from the above description, that the macrofauna is generally dominated by
pelecypods and gastropods, commonly illustrated by thick-walled and large-sized specimens. The
brachiopods {4~ ostreids) make up the dominant fauna only within a few, slightly indurated, marly-
calcareous beds located in the upper part of the member succession in a few scctions (atomo-eleetrie
plant near Cernavoda ; southern slope of the Carasti valley also in Cernavoda arca, by the rail-
road, at some 500 m NNW of Saligny lock bridge, here the brachiopod-rich beds occurring at 5—6m
beneath the top of the member sequence; and within both valley slopes in the type section
at Alimanu). Similarly, the corals, usually sparse, show enhanced frequency only in the upper part
of the member succession, at present exeavated, at the Cernavoda atomo-electric plant. Worth
specifying is the detailed paleontological approach achieved by Neagu et al. (1977) upon the sequen-
ce here defined as the Alimanu Member. For the macrofaunal and microfloral aspects, the reader
is referred to that paper, and for microfaunal ones — to both (that and present) papers.

In order to restore the depositional conditions, we should consider the petrography, the
depositional structures and the faunal-floral evidence. The petrography, briefly outlined above,
points to muddy to perfectly winnowed calcarenites and calcirudites, mostly skeletal-oncolitic +
microcoprolitic, whose constituents are exclusively biogenic products (see below) fairly documenting
prevailing brackish to normal marine lagoonal-peritidal conditions. As for the depositional strue-
tures, the limestone beds, irrespective of their petrography and thickness (averaging 0.5—1.5 m)
display several internal structural patterns also commonly indicative of lagoonal-peritidal environ-
ments : homogeneous structures (or structureless rocks : usually suggesting total homogenisation by
extreme bioturbation); bioturbation structures, either reticular (burrow fill networks) or spotted/
speckled (biogenic mottling) ; mm-laminitic structures, either even planar (mechanical laminites) or
irregularly (micro)wavy-ciinkled (cryptalgallaminites) ;sporadical decimetrie-long lenses of laterally
linked domal megastromatoliths. In places, the calcarenites exhibit large-scale very low-angle tabular
cross-lamination suggesting transient beach berm or upper tidal flat accumulations, or high-angle
microcross-lamination (hering-bone cross-lamination) of a typically tidal nature (tidal channels or
gullies). As regards the organic remains, the commonest fossil groups ave either euryhaline (cyano-
phyceans, miliolids, lituolaceans, ostracodes, serpulids, nerineids, ostreids) or specific to (or at least
cqually accepting) lagoonal conditions (cyanophycean products; dassycladaceans; codiaceans ;
Favreine and other types of faecal pellets ; miliolid-ostracode association ; spirocyelinid, dieyelinid ;
pfenderinid, ete. lituolaceans — see below ; involutinids — several species of Trocholina, see below ;
spirillinids — Ichnusella, see below ; calcareous sponges; miids; probably the few marly brachio-
pod #= ostreid mass accumulations). The fauna usually accounting for constantly fairly agitated and
normal saline marine environments (the open marine reefal environments) exhibits, instead, an
oceurrence restricted to several beds in some exposed sections (in our case : reliable reefal indica-
tors : diceratids, trigoniids, caprotinids, monopleurids and probably naticids and strombids; then,
possible reefal indicators : tiny coral colonies, solitary corals, hydrozoans, chaetetids, sparse bryo-
zoans, sporadical brachiopods), and it is illustrated not by frame builders but practically only by
frame dwellers or encrusters. Actually, the “neutral groups "with respect to the “reefal-versus-lago-
onal” environmental option seem to be rather numerous : nerineids, naticids, strombids, ostreids,
corals, hydrozoans, chaetetids, brachiopods, bryozoans, caleisponges ; the decision can be taken only
by using not single groups but group assemblages placed in the context of the host-rock lithologic
features. However, worth mentioning is the systematical lack, from the whole fauna, of the strictly
stenohaline groups of the echinoderms and the silicosponges (two exceptions so far found : echinoids—
Codiopsis lorint Cotteau —, asterozoas and holoturids relatively abundant within a bed in the calca-
reous succession exposed in the Danube cliff at the foot of the Cernavoda bridge ; and echinoderm
fragments present in a bed in the Alimanu section).

Finally, the combined evidence supplied by the lithologies, the depositional structures and
the fossil content firmly supports prevalent depositional conditions expressed by more or less res-
{rictive lagoonal environments irregularly ranging from slightly subsaline marine to brackish, and
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randomly alternating from subtidal to intertidal (e.g. the huge bodies of foram-algal limestones,
the bodies of coprolitic-algal limestones); considerably subordinate normal-saline marine episodes
(interbeds) occur suggesting open lagoonal conditions (the echinoderm-bearing interbeds, the brachi-
opod lumachelles, most hydrozoan|chactetid|ealcisponge-bearing beds) or open back-reef conditions
(commonly the highly macrofossiliferous interbeds dominated by pachiodonts |trigoniids 2 ostreids]
gastropods, except the nerineid or ostreid ‘“‘monogenous” accumulations equally suggesting also
variably restrictive, back-reef to lagoonal environments).

The age of the Alimanu Member can be established chiefly on micropaleontological grounds
(see also Neagu et al., 1977).

Thus, in the Danube cliff, directly south of the Cernavoda bridge, the lower part of the
exposed calcareous section supplies, from the first 8.5 m thick stratigraphic interval, a foraminiferal
assemblage characteristic of the Upper Berriasian : Ammocycloloculina erratica, Danubiella cernavo-
densis, D. gracilis Neagu (species exclusively Upper Berriasian), accompanied by Pseudochrysalidina
arrabica Henson, Pseudotextularielle salevensis Charol, Bronn. & Zaninet., Freizialina planispira
Ramalho, Anchispiroeyclina mainct and by Trocholina bourlini Gorbatchik, T. molesta Gorb., T.
cavernose (Kali) as well as sparse and minute 7. elongate (Leupold). The passage from the Berria-
sian foraminiferal assemblage to the Lower Valanginian one is gradual so that the assemblage
characteristic of the Lower Valanginian becomes typical just at the top of an additional 7.2 m
thick stratigraphic interval (approximately 15.5 m above the exposed section base): an assemblage
flatly dominated by large specimens of Trocholine alpina (Leupold) and T. elongata, and maintain-
ing up to the top of the cliff near the Cernavoda bridge. In this point, however, has been collec-
ted (by our late young colleague Jon Manea), 5 m beneath the cliff top, the ammonite species
Karakaschiceras cf. biassalense (Kar.) (Pl. III, Fig. 1) supporting a Middle Valanginian age (between
the middle of the Campilotozum Zone and the Verrucosum Zone, after Kemper et al., 1981). Resu-
ming the microfauna description, the Trocholina alpina — T. elongata assemblage can be pursued
further southwards and upwards in the section up to 31 m above the section base. The next, last,
4 m thick, stratigraphic interval shows an abrupt disappearance of the trocholinids and an assem-
blage retaining few characteristic fossils, namely Ichnusella trocholinaeformis (Dieni & Masari) and
Melathrocherion spirale (Gorbatehik), indicative of an Upper Valanginian age. The drastic decrease
in foraminifera diversity at the top of the above-described calcareous succession is due to the defini-
tive installation of brackish lagoonal conditions by the end of the Cernavoda Formation accumu-
lation.

In the (Vederoasa) type section of the Alimanu Member (Alimanu village area), the succes-
sion of the foraminiferal assemblages is similar to that of the above-presented Danube cliff section
at Cernavoda : abundant trocholinids, lituolaceans and miliolids in the Lower Valanginian, and explo-
sive occurrence of Ichnusella accompanied by numerous ostracods in the Upper Valanginian (Neagu
et al., 1977, emend.). But here, this sequence is followed by a pile of calcareous-marly, brackish and
then marine, deposits developed in the terminal part of the southern wall of the Vederoasa (Adam-
clisi—Alimanu) valley NE of the Alimanu village ; although relatively similar in lithofacies to the
final (Upper Valanginian) Neocomian terms preserved in the Danube cliff south of Cernavoda, they
seem here to be Barremian in age according to the micropaleontological data, therefore representing
the base of the next Cretaceous formation (see below). The importance of this possible Barremian
sequence lies in the fact that it would stand for the oldest post-Valanginian stratigraphic term
exposed disconformably over the Cernavoda Formation.

Consequently, we can state that the deposits corresponding to the Hauterivian interval
are completely missing (depositional and|or erosional gap) within the whole territory of Southern
Dobrogea (according to the surface data).

2. Ramadan Formation (Bedoulian ; loeally, Barremian-Bedoulian)

The Ramadan Formation is developed, considering the exposure data, only in the western
Southern Dobrogea, i.e. in a region comprised between the Danube course and a line passing east
of the Dunérea—Tibrinu-—Medgidia—Bineasa localities. This formation overlies disconformably
the Cernavoda Formation (Cernavoda atomo-electric plant area; Baciu valley; Remus Opreanu
valley, south of Medgidia ; Alimanu village area ; Lipnifa village area ; and certainly in two drillings
teo : Cigmelei valley and Bineasa) ; it underlies also disconformably the Cretaceous Gherghina For-
mation (Dunirea village ; southern shore of Ramadan and Tibrinu lakes ; Cismelei valley, east of the
atomo-electric plant), the Cretaceous Cochirleni Formation (Danube rocky shore and cliff between
Hinog valley and Cochirleni valley mouths (both slopes of Baciu valley, NW of Abrud village ;
south of Medgidia town), or, at last, directly Neogene or Quaternary (loess) deposits. _

The 1.5 km long, flat-lying, almost complete succession provided by the southern steep
slope of the Ramadan lake (lowermost course of Tibrinu valley) is designated here as the type
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9 CRETACEOUS DEPOSITS — SOUTHERN DOBROGEA 13

section of this formation. The formation is here broadly exposed ; its base is not visible, but the
sequence includes, to the largest extent, the lithologic and biologic features characteristic of this
formation instead. The succession, some 15 m thick, consists of two superposed lithologic units.
The lower unit is composed of a (vertical and lateral) irregular alternation, some 10 m thick, of
quartzo-bioclastic sands and gravels showing commonly coarse arenitic to fine ruditic grain gize and
variable cementation degrees (if indurated becoming sandstones|calcarenites and conglomerates|
caleirudites), and compositionally ranging from exclusively quartzous through quartzous-orbitolinid
to exclusively orbitolinid or to macrofauna-rich quartzous-orbitolinid rocks (macrofauna represented
by pachiodonts and ostreids, as entire to more or less fragmented shells) ; these quartzo-bioclastic
rocks, whose diversity is due to the large variation in participation of the same petrogranhic con-
stituents, constantly display perfect washing and mechanical sedimentary structurves illustrated
by parallel laminations or low-angle tabular cross-laminations ; there are some rock bodies or layers
where the mechanical laminations are replaced, or highly obliterated, by bioturbation structures
(mottling or burrow fill networks). The upper unit consists of pachyodont-dominated (pelecypod-
gastropod-brachiopod) lumachellic limestones (Urgonian facies), some 4—5 m thick, and may be
pursued eastwards, in the southern slope of the Tibrinu lake, up to 1 km west of the Tibrinu loca-
lity. In the type section, the age of the sequence can be judged ac counting on datain Chiriac (1981);
this author reports, from the basal part of the exposed sequence, the species Deshayesiies flequosus
Chiriac and Cheloniceras ramadanious Chiriac ; these forms, considering the stratigraphic oceurrence
range of the genera, point to a relatively narrow interval corresponding approximately to the Desha-
yest Zone (Middle Bedoulian). For the overlying sequence, some 15 m thick, an Upper Bedoulian
age can be inferred and accepted.

The oldest terms of the Ramadan Formation crop out poorly, being exposed over highly
restricted areas within only two sections far distant southwards from the type section : in the upper
wall of the left-bank cliff of the Adamelisi—Alimanu valley 1 km upstream from the Alimann village ;
and in the Bugeac lake cliff at Girlita. Their description is presented below.

The first section (Alimanu) exposes only the lowermost part of the formation, 10—12 m
thick, developed under an unusual facies, and overlying the Valanginian limestones of the Cernavodsa
Formation. The lower interval, 8 —10 m thick, exhibits an alternation of greenish and reddish mail-
stones, limestones and dolostones, the former containing agglutinant foraminifera of a Barremian
type and brackish water miliolids; the upper interval, 2 m thick, consists of algal-foraminiferal
calcarenites accommodating large-sized gastropods and subordinate greenish marlstone interbeds ;
thege latter marly interbeds have supplied the species : Dobrogelina discorbiformis Neagu, Istrilo-
culina alimanensis Neagu, Derventina filipescui Neagu, Trocholina aptiensis Toveeva, Quingueloculinea
robuste Neagu, most of them being reported also from the ammonitic Barremian of France by Arnould
— Vanneau (1980). The above-described succession displays a lagoenal facies evolving upwards from
brackish to normal marine ; this facies is a singular occurrence in the entire Ramadan Formation ;
its affiliation to this formation is still a problematical matter.

The second section (Girlifa) provides a succession, some 20 m thick, of pachyodont-rich
pelecypod-gastropod lumachellic limestones interbedded with foraminiferal ealcarenites and marl-
stones whose foraminiferal assemblage accounts for an Upper Barremian age (Derventina filipescui
Neagu, Andersenia rumana Neagu, species also found in different highly ammonitic sequences in
Romania by Neagu, 1975, and in France by Arnould—Vanneau, 1980) or an Upperost Barreimian —
Lowermost Aptian age (Choffatella decipiens Schl., Dictyoconus reicheli Guillaume, D. kiligni (Préver)
Orbitolinopsis bruccifer A. Vanneau & Thiel.).In this second section, the succsesion already displays
the marine facies typical for the Ramadan Formation and generally defined, from the biclogical
standpoint, by an alternation of layers bearing marine foraminifera and layers containing Urgonian
pachyodonts. This section iz the only firm evidence consistent with a Barremian local age of the
Ramadan Formation.

In all the other foregoing exposures, the formation is represented only by terms synchronous
(Bedoulian) and usually lithologically similar to those of the type section. Their features are further
on summarized. For paleontological inventories, the reader is referred to Neagu et al. (1977) and
Chiriac et al. (1977).

Quartzous sands and gravels, sometimes patchily limonite cemented, crop out at the Cerna-
voda atomo-electric plant (on the low hill between Cismelei valley and Carasu valley), on the left
bank of the Carasu valley at the Lupilor Hill foot, and in the Remus Opreanu valley in front of
the Medgidia subsidiary railway station. [At the nuclear-electric plant, the middle and upper portions
of the sequence present a peculiar, sandy-clayey facies of local extent and expressing a protected restric-
tive coastal type including sporadical normal marine episodes, thelatter represented by a few thin inter-
calations both of fossiliferous sandstones (containing pelecypods, gastropods and, seldom, solitary
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