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The Up per Turonian to Mid dle Coniacian (Up per Cre ta ceous) suc ces sion of the Babadag Ba sin (North Dobrogea, Ro ma nia)
con sti tutes an ap par ently con tin u ous fossiliferous car bon ate suc ces sion. The pres ence of mod er ately rich inoceramid,
ammonite and foraminiferal as sem blages al lows for the ap pli ca tion of a pre cise biostratigraphic sub di vi sion. The
palaeoenvironmental con di tions and evo lu tion of the Babadag Ba sin dur ing the Late Turonian–Mid dle Coniacian are in ferred 
us ing microfacies anal y sis and foraminiferal spec tra. To gether, these sug gest the Turonian–Coniacian Badabag Ba sin re -
flects rel a tively shal low-wa ter con di tions in a near-shore en vi ron ment, punc tu ated by two re gres sion events in the Late
Turonian and in the Middle Coniacian.
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INTRODUCTION

The Turonian–Coniacian suc ces sion of the Babadag Ba sin
(North Dobrogea, Ro ma nia) has long at tracted re search in ter -
est, due to its rich ammonite and inoceramid fauna and its lo ca -
tion in the west ern part of a belt com pris ing North Dobrogea, the 
Cri mea, and the north ern Cau ca sus (e.g., Sãndulescu, 1994).
To date, work within the Babadag Ba sin has fo cused on
broader strati graphic stud ies, and there fore has yielded only a
lim ited in sight into the suc ces sion and struc ture of the fos sil as -
sem blages. More over, only lim ited work has been done on the
fa cies char ac ter is tics of the strati graphic suc ces sion, which
have the po ten tial to add sub stan tially to our un der stand ing of
the dy namic evo lu tion of the Babadag Ba sin. A joint in te grated
biostratigraphic and microfacies study of the Turonian–Conia -
cian Babadag Ba sin, to ex am ine its palaeontological and
palaeoenvironmental set ting, thus con sti tutes the pri mary fo cus 
of the pres ent study.

In the frame work of a joint pro ject be tween the Uni ver sity of
Bu cha rest and Uni ver sity of War saw, aimed at the re-study of
the stra tig ra phy and fa cies of the early Late Cre ta ceous suc ces -
sion in Ro ma nia, we in ves ti gated the Up per Turonian to Mid dle
Coniacian suc ces sion of the Babadag Ba sin. Three quar ries lo -
cated in the south east ern part of the Babadag Ba sin were se -

lected for de tailed study: (1) the Visterna sec tion, south of the
vil lage of Visterna; (2) the Caugagia sec tion, lo cated north-west 
of the vil lage of Baia, and (3) the Baia sec tion, lo cated
north-east of the vil lage of Baia (Figs. 1 and 2). These three
sec tions com prise an in ter val span ning the Up per Turonian
through the Mid dle Coniacian, with some ob ser va tional gaps.
The main goals of the study were to de velop: (1) de tailed geo -
log i cal logs; (2) macrofossil and foraminiferal re cords, for use in
biostratigraphic and palaeoenvironmental in ter pre ta tions; and
(3) microfacies char ac ter is tics of the en tire suc ces sion. The
com bi na tion of the palaeontological and microfacies char ac ter -
is tics of the suc ces sion was used to re con struct the bathymetric 
trends within the in ter val stud ied. The palaeo geo graphi cal in fer -
ences are dis cussed.

PREVIOUS STUDIES

The Cre ta ceous of the Babadag Ba sin was first stud ied by
Pe ters (1867), who de scribed a cri noid lime stone in the basal
part of the suc ces sion fol lowed by a yel low ish “dis tal lime stone”. 
Inoceramids, foraminifers, oys ters and bur rows were re ported.
He es ti mated the thick ness of the suc ces sion as ca. 170 m.
Anastasiu (1898) re al ized that the flat-ly ing or slightly un du lat -
ing Up per Cre ta ceous oc cu pies most of the ba sin. He doc u -
mented both the Turonian and Coniacian, and sug gested the
pres ence of the Cenomanian. The pres ence of the Coniacian
was fur ther con firmed by Macovei (1906) us ing ammonite as -
sem blages. Simionescu (1914) di vided the Cre ta ceous of the
Badabag Ba sin into the Iancila For ma tion (lower), com posed of
con glom er ates, calcarenites and lime stone, and the Dolojman
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For ma tion (up per), com posed of calcarenites, sandy marls,
marls and lime stones. Based on macrofossils, he as signed the
Iancila For ma tion to the Cenomanian, and the Dolojman For -
ma tion to the Turonian–Senonian. In his geo log i cal syn the sis of 
Dobrogea, Simionescu (1927) es tab lished that the ba sin is
bounded to the south by the Peceneaga–Camena Fault. For
the first time he re ported the pres ence of Cre ta ceous echinoids
and Cenomanian inoceramids from this re gion.

Macovei and Atanasiu (1934) sum ma rized the Cre ta ceous
suc ces sion of the Babadag Ba sin, es ti mat ing its thick ness as
ca. 200 m and dat ing the youn gest strata as Santonian.
Atanasiu (1940) pointed out the dif fer ences in the Late Cre ta -
ceous palaeo geo graphi cal his tory of North and South
Dobrogea, re port ing warm-wa ter fau nas in the Babadag Ba sin,
in con trast to cold-wa ter fau nas in South Dobrogea.

In their sur vey of the Babadag Ba sin, Mirãuïã and Mirãuïã
(1964) rec og nized four syn clines, two anticlines and one struc -
tural thresh old, and es ti mated the thick ness of the Cre ta ceous
as 300–350 m. They di vided the Dolojman For ma tion into two

suc ces sions, the lower dated as Early Turonian, and the up per,
dated as the Mid dle–Late Turonian–Coniacian and pos si bly
Santonian (their Lower Senonian). They rec og nized the
transgressive char ac ter of the Up per Cre ta ceous suc ces sion,
with the transgressive max i mum oc cur ring in the Early
Santonian. They also noted the dom i nance of the Bo real fau -
nas, with only a few Tethyan forms pres ent, and the dis tinc tive -
ness of the Cre ta ceous suc ces sions be tween North and South
Dobrogea, the suc ces sion in North Dobrogea be ing thicker and
stratigraphically more com plete. Mutihac et al. (1972) claimed a 
Late Aptian–Albian age for the basal part of the Babadag suc -
ces sion. Szász and Lãcãtuºu (1976) and Szász (1981) re -
ported on the Up per Turonian–Coniacian ammonites from the
Babadag Ba sin, and in 1985 Szász pub lished a sur vey of the
Coniacian inoceramids. Szász and Ion (1988) pro vided an in te -
grated (inoceramid, ammonite and foraminifera) biostrati graphy 
of the Up per Cre ta ceous of the Babadag Ba sin, in which the
Turonian–Coniacian bound ary was con sid ered as con densed
or marked by a strati graphic gap. Fur ther more, they showed the 
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Fig. 1A – geo log i cal map of Dobrogea (com piled and mod i fied af ter Sãndulescu et al., 1978; Szász et al., 1980, 1981)
 with the lo ca tion of the Babadag Ba sin; B – lo ca tion of Dobrogea in Ro ma nia

NDO – North Dobrogea Orogen, in clud ing the tec tonic units of Mãcin (MU), Con sul (CU), Niculiïel (NU) and Tulcea (TU); MP – Moesian
Plat form, in clud ing Cen tral Dobrogea (CD) and South Dobrogea (SD); PDD – Pre-Dobrogean De pres sion; PROT. – Pro tero zoic; VOLC.

– volcanic rocks; Pre-A. – Pre-Alpine; Pal. – Paleogene
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pres ence of the Up per Santonian and es ti mated the thick ness
of the Up per Cre ta ceous as ca. 700 m.

The ammonite and inoceramid biozonation and biogeogra -
phical af fin i ties of the Turonian and Coniacian of the Babadag
Ba sin were dis cussed by Ion and Szász (1994). The au thors
ob served a gen eral agree ment be tween the West ern Eu rope
and North Dobrogea zonations. The Tethyan char ac ter of the
foraminifera was in di cated. Ion et al. (1997) pub lished an in te -
grated biostratigraphy of the Up per Cre ta ceous of Ro ma nia,
and Ion et al. (2004) an in te grated biostratigraphy of the
Turonian. With ref er ence to the re sults of the Brussels ’95
meet ing (Bengtson, 1996), they found their zonations to be
gen er ally com pat i ble, but not iden ti cal with the stan dard
zonation. Bucur and Baltreº (2002) con ducted a study of
Cenomanian microfossils based on bore hole core data.
Grãdinaru (2004) and Grãdinaru et al. (2006) showed that the
sed i men ta tion into the Babadg Ba sin started in the Late Albian
(Vraconian).

GEOLOGICAL SETTING

The Cre ta ceous Babadag Ba sin rep re sents the post-tec -
tonic, lat est Albian (Vraconian) to Late Cre ta ceous sed i men tary 
cover of the Early Al pine North Dobrogea Orogen (e.g.,
Burchfiel and Bleahu, 1976; Sãndulescu, 1984; Grãdinaru,
1995). It is lo cated south of the Dan ube Delta, in SE Ro ma nia
(Fig. 1). East ward, the ba sin plunges into the con ti nen tal shelf
of the Black Sea (e.g., Sãndulescu, 1984; Ionesi, 1994; Bãncilã
et al., 1997). The north ern bound ary of the ba sin is ero sional.
Along its south ern mar gin, the ba sin is tec toni cally bounded by
the Peceneaga–Camena Fault, al though to ward the east in the

Baia re gion, the Up per Cre ta ceous de pos its of the ba sin ap par -
ently seal the fault (Grãdinaru, 1995).

The base ment of the Babadag Ba sin is chiefly com posed of
the three ma jor tec tonic units of the Early Al pine North
Dobrogean Orogen, the Mãcin, Niculiïel and Tulcea units,
which are com posed of Pre cam brian–Pa leo zoic meta mor phic
rocks and granitoids and Tri as sic–Ju ras sic vol ca nic and sed i -
men tary rocks. For fur ther in for ma tion on the ge ol ogy of the
pre-Cre ta ceous base ment of the Babadag Ba sin along the
north ern side of the Peceneaga–Camena Fault the reader is
ad vised to con sult the pub li ca tions of Grãdinaru (1988, 2006).
The Cen tral Dobrogea Neoproterozoic greenschist base ment
un der lies the Babadag Ba sin south of the Peceneaga–Camena 
Fault in the Baia re gion (Mirãuïã and Mirãuïã, 1964). The
Peceneaga–Camena Fault is in ter preted as the south ern part
of the Teisseyre–Tornquist line (T–T line; e.g., Ziegler, 1984,
1988; Rob in son, 1997; Œwidrowska et al., 2008).

Re cent stud ies (Krezsek et al., 2018) in ter pret the area be -
tween the Sfântu–Gheorghe Fault in the north (the bound ary
be tween North Dobrogea and the Pre-Dobrogea De pres sion)
and the Capidava–Ovidiu Fault in the south (the bound ary be -
tween Cen tral and South Dobrogea) as a strike-slip de for ma -
tion belt. These de for ma tion struc tures are con sid ered to be an
aban doned arm of the ini tial stage of the West ern Black Sea rift -
ing, which took place in the Mid dle and Late Cre ta ceous. In this
case, the Peceneaga-Camena Fault was the main fault within
the de for ma tion zone, while the other faults in the re gion are be -
lieved to be its deeply bur ied branches. Along the North
Dobrogean failed-rift zone, on the off shore pro lon ga tion of the
Babadag Ba sin, an other depocentre – the Istria De pres sion –
de vel oped (Krezsek et al., 2018; Boote, 2018).

Fig. 2. Geo log i cal map of Babadag Ba sin (com piled and mod i fied af ter Mirãuïã and Mirãuïã, 1964; Sãndulescu et al., 1978; 
Szász et al., 1980, 1981)

Bold black lines with ar rows are the syn clines and anticlines axes: 1 – Caugagia–Jurilovca Syncline; 2 – Baºpunar–Uspenia Syncline; 
3 – Bãlcescu Brachisyncline; 4 – Izvoarele–Traian Syncline; 5 – Slava Rusã Anticline; 6 – Jidini Anticline; 7 – Atmagea Thresh old; 

A–B – line of geo log i cal cross-sec tion (Fig. 3); other ex pla na tions as in Fig ure 1
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BABADAG BASIN

The Babadag Ba sin, 60 km long (along a north west -
ern-south east ern axis) and up to 20 km wide at its max i mum
ex tent, is filled with up per most Albian to Santonian de pos its.
De spite a gen er ally flat-ly ing char ac ter, the ba sin is slightly un -
du lat ing, cre at ing four syn clines ar ranged around the ba sin
cen ter: Izvoarele–Traian to the west, Bãlcescu to the north,
Baºpunar–Uspenia lo cated to the south, and Cauga -
gia–Jurilovca to the east. In the west ern part of the ba sin its axis 
emerges, form ing the Izvoarele–Atmagea thresh old. This
struc ture sep a rates the Izvoarele–Traian Syncline on the west
from the rest of the ba sin (Mirãuïã and Mirãuïã, 1964; Fig. 2).

The thick ness of the Cre ta ceous in the Babadag Ba sin is
quite vari able, fluc tu at ing from slightly above 1600 m in its
north-cen tral part to 266 m only 4.5 km SE of the depocentre
(Bucur and Baltreº, 2002). Pre vi ously pub lished es ti mates
range be tween 350 m (Mirãuïã and Mirãuïã, 1964) and 700 m
(Szász and Ion, 1988). Krezsek et al. (2018) in ter pret the ba sin
as slightly in clined to the SE, which is in agree ment with the mi -
gra tion of the ba sin’s depocentre to the south as ob served by
Mirãuïã and Mirãuïã (1964; Fig. 3). How ever, the struc tural
frame work of the Babadag Ba sin seems to be some what more
com pli cated.

The Babadag Ba sin suc ces sion (Fig. 3) first ap pears in the
Enisala area as an up per most Albian (Vraconian) crinoidal
lime stone with brachi o pods, ammonites and oys ters
(Grãdinaru, 2004; Grãdinaru et al., 2006). It is fol lowed by
transgressive Cenomanian calcarenites, lo cally with lime stones 
and marls (Mirãuïã and Mirãuïã, 1964; Szász and Ion, 1988).
The Up per Cenomanian is con densed. The biostratigraphy of
the Cenomanian is based on ammonites, inoceramids, and
plank tonic foraminifera (Szász, 1982; Szász and Ion, 1988; Ion
and Szász, 1994; Ion et al., 1997). The Albian–Cenomanian
suc ces sion forms the Iancila For ma tion, which is sub di vided
into the Enisala Mem ber (Albian–Lower Cenomanian
siliciclastic de pos its and lime stones), the Hamangia Mem ber
(Lower Cenomanian siliciclastic de pos its and calcarenites), the
Babadag Mem ber (Lower–Up per Cenomanian calcarenites

and lime stones) and the Goloviïa Mem ber (Mid dle–Up per
Cenomanian marls; Szász and Ion, 1988). The Babadag
Turonian strata (com posed of calcarenites, lime stones and
marls) con form ably over lie the Cenomanian: how ever, the
bound ary in ter val is con densed and transgressive in the mar -
ginal part of the ba sin (Szász and Ion, 1988). A hi a tus within the
Mid dle Turonian and a con den sa tion or hi a tus within the Up per
Turonian–Lower Coniacian have been sug gested (Szász and
Ion, 1988). The Coniacian con sists of calcarenites and marly
lime stones: how ever, in the mar ginal parts of the ba sin the
Turonian strata are transgressively over lain by Coniacian con -
glom er ates (Mirãuïã and Mirãuïã, 1964; Szász and Ion, 1988).
The biostratigraphy of the Turonian and of the Coniacian is
based on ammonites, inoceramids and plank tonic foraminifera
(Szász and Ion, 1988; Ion and Szász, 1994; Ion et al., 1997,
2004). The Turonian–Coniacian suc ces sion is as signed to the
Dolojman For ma tion, which con sists of: the Jidini Mem ber
(Lower to Mid dle Turonian calcarenites and siliciclastic de pos -
its), the Harada Mem ber (Turonian lime stones and
calcarenites), the Caugagia Mem ber (Lower Coniacian
calcarenites), and the Jurilovca Mem ber (Coniacian (?) lime -
stones, marly lime stones and calcarenites); the Jidini and
Caugagia mem bers rep re sent more clastic fa cies (Szász and
Ion, 1988). On the Cara Burun prom on tory, south of Goloviïa
Lake (Fig. 2), the Coniacian strata are over lain by Santonian
strata, which con sist of basal con glom er ates fol lowed by lime -
stones. The Santonian of this re gion is in cluded in the Murfatlar
For ma tion, orig i nally de scribed from South Dobrogea (Szász
and Ion, 1988).

MATERIALS AND METHODS

The pres ent study is based on our orig i nal field work car ried
out in the Babadag Ba sin in sum mer 2016. Three sec tions lo -
cated in the south east ern part of the ba sin – Visterna, Caugagia 
and Baia 2 – were logged and sam pled for macrofossils,
microfossils, and petrographic anal y ses.

Fig. 3. Geo log i cal A–B cross-sec tion through the Babadag Ba sin and sche matic deep tec ton ics cross-sec tion

 (com piled and mod i fied af ter Mirãuïã and Mirãuïã, 1964; Szász and Ion, 1988)

For the up dated ge ol ogy of the pre-Cre ta ceous base ment along the north ern side of the Peceneaga–Camena Fault see Grãdinaru (1988, 

2006); dark red bold lines – faults; C.D. – Cen tral Dobrogea; P.C.F. – Peceneaga–Camena Fault; L.C.F. – Luncaviïa–Con sul Fault



Lab o ra tory work was con ducted in the Fac ulty of Ge ol ogy of
the Uni ver sity of War saw. 114 thin sec tions were pre pared (usu -
ally two thin sec tions from each suit able rock sam ple): 67 from
Visterna, 4 from Caugagia and 42 from Baia 2. All thin sec tions
were pre pared in the Lab o ra tory of Geo log i cal Sam ple Prep a ra -
tion of the Eu ro pean Cen ter for Geo log i cal Ed u ca tion (ECEG) in
Chêciny (af fil i ated with the Uni ver sity of War saw), Po land, us ing
a Logitech PM5 Lap ping & Pol ish ing Sys tem and Epotek Ep oxy
glue. Po rous sam ples were ad di tion ally im preg nated us ing Ar al -
dite 2020 glue and UV pig ment. The thin sec tions were used for
microfacies and micropaleontological stud ies.

The microfacies anal y sis was pri mar ily based on the Folk
and Dun ham clas si fi ca tion schemes. As these were not fully
sat is fac tory, a cus tom microfacies clas si fi ca tion was de vel oped 
(see “microfacies” sec tion). Thin sec tions were as sessed with
re gard to grain size, round ness and sort ing, clastic in put, quartz 
con tent, rock tex ture (di rec tional/cha otic), and ob served fos sils. 
Clastic in put and quartz con tent es ti ma tions were con ducted
us ing Compton’s stan dard vi sual es ti mat ing charts (Compton,
1962), sort ing was es ti mated us ing Jerram et al. sort ing charts
(1996). Round ness ob ser va tions were based on (Pettijohn et
al., 1987) round ness es ti ma tion charts. Grain size es ti ma tions
were em ployed only on the non-biogenic clasts.

Foraminiferal mac er ates were pre pared from thirty-five
sam ples from Visterna and from twenty-one sam ples from
Baia 2. A stan dard pro ce dure us ing so dium sul phate (Glau ber’s 
salt) was em ployed. To ac cel er ate the mac er a tion pro cess, the
freez ing was ac cel er ated us ing liq uid ni tro gen (Remin et al.,
2012). The mac er ates ob tained were sifted to ob tain ma te rial in
the 0.065–0.6 mm size in ter val. The foraminifera were stud ied
us ing an op ti cal mi cro scope; se lected spec i mens were sput -
tered with gold for SEM (Scan ning Elec tron Mi cro scope) im ag -
ing and EDS (En ergy-dispersive X-ray spec tros copy) anal y sis.
EDS anal y sis was used to as sess if the cal car e ous foraminiferal 
tests were com posed of pri mary cal cite, and so whether they
had been af fected by diagenetic al ter ation.

The macrofossils col lected dur ing our field work (ammonites 
and inoceramids) and microfossils (foraminifera), are housed in 
the col lec tions of the Mu seum of the Fac ulty of Ge ol ogy of the
Uni ver sity of War saw.

FIELD OBSERVATIONS

The sec tions stud ied are lo cated in the south east ern part of
the ba sin. Three sec tions were se lected for the study: the
Visterna sec tion, lo cated in the east ern part, and the Caugagia
and Baia 2 sec tions, both lo cated in the south ern part of the ba -
sin (Fig. 2).

Visterna sec tion (44°50’35” N, 28°45’39” E; 116.5 m a.s.l.) 
(Figs. 2 and 4). The Visterna sec tion is lo cated in an ac tive vil -
lage quarry, south of the vil lage of Visterna. The quarry is 96 m
long, 33 m wide, with the walls reach ing a max i mum of 3 m in
height. The ex po sure is gen er ally good. The beds dip to the
south (115/6 S). The to tal thick ness of the avail able suc ces sion
is 13 m, with a ca. 70 cm ob ser va tional gap in its lower part. Ten 
lithological units were dis tin guished in the suc ces sion (Fig. 5).

Unit 1 [0–5.1 m]: heavily lithified, poorly and/or thinly bed -
ded, fine-grained light grey lime stone. It is rel a tively rich in
ammonites and inoceramids.

Unit 2 [5.1–7.85 m]: basal part com posed of hard, spar kling, 
me dium-bed ded, fine-grained grey lime stone. Higher part
(5.4–7.35 m) com posed of thin-bed ded, fine-grained lime stone
and calcarenite with sponges, bioturbation struc tures and pelitic 
clasts; the up per most part com posed mostly of very hard,
bright, well-bed ded calcarenite. A 10 cm thick layer of slaty grey 
marl oc curs 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 lay ers of bed ded calcarenite.

Unit 4 [8.4–10.3 m]: low er most 10 cm com posed of
thin-bed ded, spar kling, fine-grained grey lime stone. Mid dle part 
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Fig. 4. Visterna Quarry and lo ca tion on the geo log i cal map of the Babadag Ba sin (red dot)



of the unit com posed of hard, mas sive, fine-grained beige or
light grey lime stone with in ter mit tent pelitic clasts, interbedded
with grey marls. At 9.75 m there is an ero sional sur face at the
top of a marly layer. Top most part com posed of hard, spar kling,
bed ded, beige calcarenite, fol lowed by very fine-grained grey
lime stone with pelitic clasts.

Unit 5 [10.3–10.7 m]: light grey marls. 2.5 cm thick con den -
sa tion level (V27A) at 10.55 m.

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

Unit 7 [10.9–11.1 m]: grey marls.
Unit 8 [11.1–12.2 m]: spar kling, fine-grained beige lime -

stone, over lain by hard, spar kling, very fine-grained grey lime -
stone with jag ged frac ture.

Unit 9 [12.2–12.75 m]: grey marls.
Unit 10 [12.75–13.0 m]: spar kling, fine-grained grey lime -

stone with earthy frac ture.
Caugagia sec tion (44°46’35” N, 28°40’02” E; Figs. 2

and 6) is a com pos ite sec tion, com piled from two small quar ries
lo cated on Bal Bair hill, about 2 km south from the vil lage of
Cauga gia. The suc ces sion is made up of light grey (Caug -
agia 1, south-west quarry) and light creamy/white (Caugagia 2,
north-east quarry) pelitic lime stone. No de tailed geo log i cal log
was con structed.

Baia 2 sec tion (44°44’25” N, 28°41’50” E; Figs. 2 and 7) is
an ac tive quarry, lo cated be tween Baia and Ceamurlia de Jos,
north-east of the vil lage of Baia. The quarry is 77 m long, 64 m
wide and about 11 m high. The suc ces sion is avail able on its
north ern, east ern and south ern walls, with a good state of ex po -
sure. The beds dip to the south (22/5 S). The to tal thick ness of
the suc ces sion is 10.5 m. Seven lithological units were dis tin -
guished (Fig. 8); 21 sam ples (B21–B218) for microfacies and
microfossil stud ies were taken.

Unit 1 [0.0–5.5 m]: hard, splin tery and mas sive marly lime -
stone, with nu mer ous iron streaks. Com mon bioturbation struc -
tures at the top of the unit.

Unit 2  [5.5–5.7 m]: hard, bed ded, fine-grained brown lime -
stone with cherts. Thick ness is hor i zon tally vari able, with a max -
i mum thick ness of 17 cm. Over lain by a 3 cm thick layer of
cross-bed ded, grey-green marls.

Unit 3 [5.7–6.6 m; east ern wall]: hard, bright, splin tery,
cross-bed ded, fine-grained lime stone with thick ness lat er ally
vari able from 8 to 30 cm, with 2 cm thick marly interbeds. In the 
south ern wall, fine-grained light grey lime stone with nu mer ous
iron streaks are fol lowed by a 15 cm thick intraformational
brec cia. 

Unit 4 [6.6–6.93 m; east ern wall]: bed ded, thinly lam i nated,
fine-grained beige-grey lime stone with cherts and lat er ally vari -
able thick ness, fol lowed by a thin (3–5 cm thick) layer of grey
marl. The south ern wall shows spar kling, thin- and cross-bed -
ded, beige-brown calcarenite with rip ple marks.

Unit 5 [6.93–10.2 m; east ern wall]: heavily bioturbated, very
fine-grained creamy lime stone.

Unit 6 [10.2–10.28 m]: grey-green marls.
Unit 7 [10.28–10.5 m]: spar kling, grey lime stone with milky

frac ture.
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Fig. 5. Geo log i cal log and biostratigraphy 
of the Visterna Quarry

Colours on the lithological logs re fer to ac tual colours ob served in
the quarry; layer thick ness has been pre served
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Fig. 6. Caugagia Quarry and lo ca tion on the geo log i cal map of the Babadag Ba sin (red dot)

Bal Bair hill top is to the right of the photo

Fig. 7. Baia 2 Quarry and lo ca tion on the geo log i cal map of the Babadag Ba sin (red dot)

View towards the southern wall of the quarry
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Fig. 8. Geo log i cal logs and biostratigraphy of the Baia 2 Quarry

Colours on the lithological logs re fer to ac tual col ors ob served in the quarry; 
layer thick ness has been pre served; other explanations as in Figure 5
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MICROFACIES

Six microfacies were dis tin guished: (I) sed i men tary brec cia;
(II) non- to poorly fossiliferous mudstone/wackestone/pack -
stone; (III) fossiliferous wackestone/packstone, sub di vided as
fol lows: (IIIA) bioclastic (with di verse fau nal com po si tion)
wackestone/packstone; (IIIB) foraminiferal (dom i nated by
forams, with abun dant other fos sils) wackestone/packstone;
(IIIC) foraminiferal (al most no other fauna) wackestone/ pack -
stone; (IIID) al gae dom i nant or al gal-sponge
wackestone/packstone (Fig. 9). De tailed microfacies are out -
lined in Ta ble 1 (Visterna) and Ta ble 2 (Baia 2).

VISTERNA SECTION

Unit 1 is com posed of wackestones and wackestones/pack -
stones. The sam ples are mod er ately rich in quartz and fos sils,
in which foraminifera and cal car e ous al gae (mostly
Dasycladaceae) dom i nate.

Units 2–4 are com posed pri mar ily of bar ren or poorly
fossiliferous packstones. Within this in ter val are rel a tively large
grain di am e ters (high est in the V25 sam ple) and high (up to
30%) pro por tions of quartz in sam ples are typ i cal. In the mid dle
part of the unit the wackestone/packstone and wackestone
microfacies dom i nate. The per cent age of quartz in these is
lower (up to 10%) than in the interbedded packstones (up to
25%), yet they are more fossiliferous and dom i nated by
foraminifera, cal car e ous al gae and sponges (spiculites). A very
sharp, ero sive bound ary be tween lay ers V24 and V25 is char -
ac ter is tic of this in ter val (see Fig. 10).

Units 5–10 are com posed of mod er ately fossiliferous
wackestones, with mainly foraminifera, sponges and cal car e -
ous al gae. The de tri tal ma te rial is usu ally fine- or very

fine-grained, with low quartz con tents. In ad di tion, wackesto -
nes/ pack stones (V32 sam ple) and packstones (V30 sam ple)
oc cur, with vari able quartz con tents.

CAUGAGIA

The suc ces sion is rep re sented by quartz-de fi cient wacke -
stones. The fos sil as sem blage is dom i nated by sponges and
foraminifera, with bryo zoans, echinoids, cal car e ous al gae, bi -
valves and calcispheres oc cur ring as ac ces sory com po nents.
The foraminifera are dom i nated by planktonic forms.

BAIA 2

Unit 1 is com posed of fine-grained wackestone, with rare
quartz. Among the fos sils, foraminifera, sponges and cal car e -
ous al gae (Dasycladaceae) dom i nate.

Units 2–4 are made up of packstone and, subordinately,
wackestone. Within those rocks cross-bed ding (in packstone)
and lami na tions (in wackestone) are clearly vis i ble. Within the
ho ri zon rep re sented by the B211 sam ple brec cia is found; the
clasts are anal o gous to the sub strate, while the ma trix is rich in
quartz (20%) of me dium grain size (which amounts to the larg -
est grain size in the Baia 2 sec tion). The fos sil as sem blage con -
tains cal car e ous al gae (Dasycladaceae), foraminifera, sponges 
and echinoids. In more grain-rich in ter vals Dasycladaceae
dom i nate.

Unit 5–7 are com posed of wackestone, with interbedded
lay ers com posed of mudstone (Unit 6) and packstone (Unit 7).
The quartz con tent is usu ally very low or ab sent; sig nif i cant
quartz per cent ages are noted only at the base of Unit 5 and in
Unit 7. Among the fos sils, foraminifera, sponges and cal car e -
ous al gae (Dasycladaceae) dom i nate.

Fig. 9. Microfacies rec og nized in the sec tions stud ied

Num bers on pho tos cor re spond to microfacies types; thin-sec tion pho tos, sam ple num ber given af ter microfacies num ber; XPL – cross
po lar ized light; A – al gae; C – clasts (brec cia); F – foraminifera; M – ma trix (brec cia); Q – quartz; S – spiculites (sponges)



48 Damian Gerard Lodowski, Ireneusz Piotr Walaszczyk and Eugen Grãdinaru

T a  b l e  1

Microfacies, de tri tal grain and fos sil clas si fi ca tions from Visterna

S.B. – sparse biomicrite; P.B. – packed biomicrite; P.I. – packed intramicrite; W. – wackestone; P. – packstone; grain size: (—) very small; (–) 
small; (+/–) me dium; (+) big; round ness: (–) an gu lar; (+/–) poorly rounded; sort ing: (+/–) mod er ately sorted; (+) well sorted; dots: abun dant;
cir cles: poorly



INTEGRATED BIOSTRATRIGRAPHY

UPPER TURONIAN

The Up per Turonian is doc u mented in the Visterna sec tion.
The basal part of the suc ces sion (Unit 1) yielded Inoceramus ex 
gr. lamarcki Par kin son, 1818, Mytiloides striatoconcentricus
(Gümbel, 1868) and Inoceramus perplexus Whitfield, 1877.
This as sem blage is in dic a tive of the lower part of the Up per
Turonian (e.g., Ernst et al., 1983; Walaszczyk and Cobban,
2000; Ken nedy and Gale, 2015; Dochev, 2015; Walaszczyk et
al., 2016b). The as sem blage also yielded Inoceramus ex gr.
inaequivalvis Schlüter, 1877, a group span ning the up per Mid -
dle and lower Up per Turonian (and rang ing higher within the
Up per Turonian; Tröger, 1989; Walaszczyk and Cobban,
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T a  b l e  2

Microfacies, de tri tal grains and fos sils clas si fi ca tion from Baia 2

S.I. – sparse intramicrite; M. – mudstone; B211 (C) – clasts; B211 (M) – ma trix; other ex pla na tions as in Ta ble 1

Fig. 10. Ero sive bound ary in the Visterna sec tion be tween
lay ers V24 (down) and V25 (up)

Thin sec tion photo; explanations as in Figure 9
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2000). Ammonites of the ge nus Lewesiceras (Fig. 18C, D),
co-oc cur ring with the inoceramid as sem blage and span ning the 
en tire Visterna suc ces sion, are typ i cal of the Turonian.

The Visterna sec tion yielded a tax o nom i cally vari able
foraminiferal as sem blage. The top most part of Unit 1 yielded
Helvetoglobotruncana helvetica (Bolli, 1945), the marker of the
epon y mous taxon-range zone (Walaszczyk and Peryt, 1998;
Dubicka and Peryt, 2012). Based on inoceramid data in the
Visterna sec tion, H. helvetica, usu ally thought to go ex tinct at
the Mid dle–Late Turonian bound ary (Ogg and Hinnov, 2012;
Ogg et al., 2016), sur vived here into at least the early Late
Turonian. This con firms the pre vi ous early Late Turonian re -
ports of the spe cies from the Vistula River sec tion (Walaszczyk
and Peryt, 1998), west ern Ukraine (Dubicka and Peryt, 2012)
and other parts of west ern Tethys (see Huber and Petrizzo,
2014). [It is worth ob serv ing that Szász and Ion (1988) re ported
H. helvetica from even youn ger strata of the Babadag Ba sin
(from the Lower Coniacian). How ever, these find ings are not
con firmed in our study].

Helvetoglobotruncana helvetica is ac com pa nied by sev eral
ben thic gen era – Ammodiscus, Arenobulimina, Lenticulina, Tex -
tu laria, and Miliolina – and by a va ri ety of plank tonic foraminifera
spe cies: Hedbergella delrioensis (Carsey, 1926), Helveto -
globotruncana praehelvetica (Trujillo, 1960), He terohelix 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 (Gandolfi,
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 Dou glas and Rankin, 1969 and 
W. brittonensis (Loeblich and Tappan, 1961). This as sem blage
al lows this por tion of the Visterna suc ces sion to be dated to the
Marginotruncana coro nata/Marginotruncana schneegansi Zone
(Ogg and Hinnov, 2012; Ogg et al., 2016), which places the in ter -
val into the Up per Turonian (Figs. 11, 13 and 14).

Foraminiferal abun dances vary in the Visterna suc ces sion,
from quite sparse (e.g., units 8 and 10) to very abun dant (e.g.,
units 1, 2, and 4; see Ta ble 3). Plank tonic / ben thic foraminifera
ra tios were cal cu lated (see Ta ble 3 and “En vi ron men tal in ter -
pre ta tion” chap ter).

LOWER CONIACIAN

The Lower Coniacian is well-doc u mented in the Caugagia
sec tion, with two inoceramid zonal mark ers: Cremnoceramus
deformis erec tus (Meek, 1877) and C. deformis deformis
(Meek, 1871). The first oc cur rence of the for mer marks the
base of the Coniacian (Kauffman et al., 1996; Walaszczyk and
Woods, 1998; Walaszczyk et al., 2010). The lat ter spe cies
char ac ter izes the higher por tion of the substage, but not the
high est ex tent (Walaszczyk and Wood, 1998, 2018). The avail -
able part of the suc ces sion spans the lower and mid dle parts of
the Lower Coniacian. Pre vi ous re ports of Szász (1985) sug gest 
that the suc ces sion ranges down into the up per most Turonian;
how ever, this por tion of the sec tion is no lon ger ex posed.

MIDDLE CONIACIAN

The Mid dle Coniacian was rec og nized in the Baia 2 sec tion. 
While the inoceramids and ammonites col lected are poorly pre -

served, the as sem blage – com posed of Platyceramus mantelli
(de Mercey; Barrois 1879), Mesopuzosia sp, Nowakites sp.,
Peroniceras sp., Peroniceras tridorsatum (Schlüter, 1867) and
Scaphites ex gr. fisheri Riedel, 1931 – does dem on strate the
Mid dle Coniacian age of the suc ces sion stud ied.

The foraminiferal as sem blage from the Baia 2 sec tion is
com posed of Archaeoglobigerina cf. blowi Pessagno, 1967,
A. cf. bosquensis Pessagno, 1967, Globigerinelloides sp., He -
tero helix 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 as sem blage is in -
dic a tive 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 re cov ered from the Baia 2 sec tion; such a low 
num ber does not al low for the cal cu la tion of re li able P/B (plank -
tonic/ben thic foraminifera) ra tios.

REMARKS ON INOCERAMIDS AND AMMONITES

Both inoceramids and ammonites oc cur in the en tire suc -
ces sion. Inoceramids are most com mon in the basal part of the
Up per Turonian and – in par tic u lar – in the Lower Coniacian. It
is this in ter val (and area) where most of the ma te rial de scribed
by Szász (1985) orginates. In deed, it is so far one of the rich est
Early Coniacian inoceramid as sem blage known from the en tire
Euramerican biogeographic re gion. Un for tu nately, the de tails of 
their re cord in the youn ger strata of this suc ces sion are un -
known, due to the poor state of the ex po sure. Ammonites were
found in the Turonian and Mid dle Coniacian; no ammonites
were re cov ered from the Lower Coniacian.

INOCERAMIDS

Inoceramus perplexus Whitfield, 1877; Fig ure 15A, A’, B, B’; 
rep re sented by 6 poorly pre served, in com plete spec i mens; the
other 6 spec i mens are re ferred to here as cf. perplexus
(MWGUW ZI/87/029–040). All are from the lower part of the
Visterna sec tion. The ma te rial cor re sponds well to the di ag no -
sis given by Walaszczyk and Cobban (2000). This spe cies is
known from the lower Up per Turonian of the Euramerican
biogeographical prov ince. Some forms are re ferred to as
Inoceramus aff. perplexus (Fig. 15C, C’, D, D’).

Inoceramus lamarcki Par kin son, 1818 group; Fig ure 15E, F; 
three in com plete spec i mens (MWGUW ZI/87/049–051), rel a -
tively well-pre served, from the lower part of the Visterna sec -
tion. The il lus trated one is 57 mm long. Our spec i mens are the
first true lamarcki rep re sen ta tives from Ro ma nia; most of the
forms re ferred hith erto to this group and dated as Early
Coniacian in Ro ma nia are Tethyoceramus. The group has a
pan demic dis tri bu tion.

Inoceramus inaequivalvis Schlüter, 1887; Fig ure 16A; three
poorly pre served spec i mens from the lower part of the Visterna
sec tion (MWGUW ZI/87/052). The true range of the spe cies is
un known, al though com monly quoted as late Mid dle to early
Late Turonian. The group of inaequivalvis is known from the en -
tire Euramerican biogeographic re gion, and prob a bly also from
other biogeographic re gions as well.

Mytiloides cf. striatoconcentricus (Gümbel, 1868); Fig ure
16B, C; two sin gle valve moulds from the lower part of the
Visterna sec tion (MWGUW ZI/87/053–054). This spe cies first
ap pears a short dis tance above the base of the Up per Turonian
(Ernst et al., 1983), and dom i nates in the mid dle 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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Fig. 11. Ver ti cal dis tri bu tion and plank tonic/ben thic (P/B) ra tios of foraminifera 
in the Visterna sec tion (Up per Turonian)

Explanation as in Figure 5
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Fig. 12. Ver ti cal dis tri bu tion in foraminifera in the Baia 2 sec tion
(Mid dle Coniacian)

Explanation as in Figures 5 and 8
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Fig. 13. Up per Turonian and Mid dle Coniacian foraminifera from the Babadag Ba sin

A, B – Marginotruncana cf. coldreriensis (Gandolfi, 1957), MWGUW ZI/67/49.Vra: 12 (V13), 14 (V14); C – Marginotruncana coronata (Bolli,
1945), MWGUW ZI/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 ZI/67/49.Vra31 (V27A); I – 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 ZI/67/49.Vra03 (V3); M – Eponides sp., MWGUW
ZI/67/49.Vra05 (V1); N – Miliolina sp., MWGUW ZI/67/49.Vra07 (V1); O – Textularia sp., MWGUW ZI/67/49.Vra15 (V14); P – Orbignyna sp.,
MWGUW ZI/67/49.Vra18 (V18B); Q–U – Arenobulimina sp., MWGUW ZI/67/49.Vra: 13 (V7), 16 (V12), 17 (V17), 19 (V18B), 28 (V24),
MWGUW ZI/67/49; VraXX – mu seum num bers; (VXX) – sam ple num ber; SEM; scale bar – 200 µm
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substage. It has been re ported from all over the Eurame rican
biogeographic re gion.

Cremnoceramus deformis erec tus (Meek, 1877); Fig -
ure 16F, G; four sin gle valve moulds, mod er ately well-pre ser -
ved spec i mens from the lower part of the Caugagia sec tion (C1) 
(MWGUW ZI/87/055–058). This spe cies con sti tutes the pri -
mary marker of the base of the Coniacian, and is well-rep re -
sented in the Caugagia sec tion.

Cremnoceramus deformis deformis (Meek, 1871); Fig -
ure 16D, E; two mod er ately well pre served spec i mens from the
higher part of the Caugagia sec tion (C2) (MWGUW
ZI/87/059–060). Spec i mens pre served as a moulds of one of

the valves, shelly ma te rial is rare. Szász (1985) de scribed a
num ber of new spe cies of the ge nus Cremno ceramus from
Babadag; the re vi sion of his ma te rial is in prog ress (by Walasz -
czyk and Gradinaru).

Platyceramus ex gr. mantelli (de Mercey; Barrois, 1879);
Fig ure 17A–C; three moulds of sin gle valves from the Baia 2
sec tion (MWGUW ZI/87/061–063). The group was re ported
from the Mid dle and Up per Coniacian of Ro ma nia (Szász,
1985; Szász and Ion, 1988; Damian and Lazãr, 2005). The
pres ence of the mantelli group and the ab sence of rep re sen ta -
tives of the ge nus Magadiceramus sug gests a Mid dle
Coniacian age (e.g., Walaszczyk and Cobban, 2006). How ever, 
it can not be ex cluded, that M. subquadratus is ab sent due to
en vi ron men tal con di tions.

AMMONITES

Ammonites are gen er ally rare in the suc ces sion stud ied, al -
though they dom i nate the macrofossil re cord in the Baia 2 sec -
tion. De ter mi na tion of the spec i mens col lected was dif fi cult due
to poor pres er va tion. Most of the ma te rial is left in open no men -
cla ture.

The ge nus Nowakites (Fig. 19C, D), known from the Conia -
cian–Santonian of Eu rope (Ger many, Spain, Aus tria, Swe den)
Cau ca sus (Ar me nia), Asia (Ja pan, South In dia), Mad a gas car,
and North Amer ica (Texas; Ken nedy et al., 1995), oc curs in the
Mid dle Coniacian in the Baia 2 sec tion.

Scaphites ex gr. fisheri (Fig. 18B) is re ported from North
Dobrogea for the first time. It was found in the Mid dle Coniacian
of the Baia sec tion – which is of con sid er ably in ter est, given that 
pre vi ously S. fisheri has been only re ported from the Lower
Santonian–Lower Campanian (Ken nedy and Christensen,
1991; Remin, 2010). Mesopuzosia (Fig. 18A) is a Turonian–Co -

Fig. 14. Up per Turonian and Mid dle Coniacian foraminifera from the Babadag Ba sin

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; I – Archaeoglobigerina cf. blowi Pessagno, 1967, B25; J – Archaeoglobigerina cf. bosquensis Pessagno,
1967, B213; K – Globigerinelloides sp., B216; (VXX, B2YY) – sam ple num ber

T a  b l e  3

Foraminiferal abun dance and P/B (plank tonic/ben thic
 form ra tio) in se lected sam ples of the Visterna sec tion
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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 ZI/87/041–042; E, F – Inoceramus lamarcki Par kin son, 1818 group, MWGUW ZI/87/049–050;

scale bar – 1 cm; MWGUW ZI/87/XX – mu seum num bers



56 Damian Gerard Lodowski, Ireneusz Piotr Walaszczyk and Eugen Grãdinaru

Fig. 16. Upper Turonian and Lower Coniacian inoceramids of the Babadag Basin

A – Inoceramus inaequivalvis Schlüter, 1887, MWGUW ZI/87/052; B, C – Mytiloides cf. striatoconcentricus (Gümbel,
1868), MWGUW ZI/87/053–054; D, E – Cremnoceramus deformis deformis (Meek, 1871), MWGUW ZI/87/059–060;
F, G – Cremnoceramus deformis erec tus (Meek, 1877), MWGUW ZI/87/055–056; scale bar – 1 cm; MWGUW
ZI/87/XX – mu seum num bers



niacian ammonite re ported from Eng land, France, Ger many,
Aus tria and Ro ma nia (Summesberger, 1992; Ken nedy and
Gale, 2015).

The ge nus Peroniceras is a cos mo pol i tan Coniacian taxon
(Ken nedy, 1984). Peroniceras tridorsatum (Schlüter, 1867;
Fig. 19B) oc curs in the epon y mous (Mid dle Coniacian) and the
Gauthiericeras margae (Up per Coniacian) zones in Sax ony
(Ger many), Po land and Ro ma nia (Ken nedy, 1984a, b; Szász
and Ion, 1988; Kaplan and Ken nedy, 1994).

ENVIRONMENTAL INTERPRETATION

The Visterna, Caugagia and Baia 2 Quarry sec tions rep re -
sent the ma jor ity of the Up per Turonian to Mid dle Coniacian
suc ces sion in North Dobrogea. Al though the suc ces sion stud -
ied does not cover the en tire in ter val (due to some ob ser va -
tional gaps), our work on the fos sil re cord, biostratigraphy, and
microfacies en ables an as sess ment of palaeoenvironmental
con di tions and palaeogeographic evo lu tion of the Babadag Ba -
sin dur ing the Late Turonian–Mid dle Coniacian.

UPPER TURONIAN

The base of the suc ces sion (Visterna, Unit 1) is dom i nated
by plank tonic foraminifera. This is fol lowed by an in ter val
(Visterna, Units 1–4) with a grad ual, sig nif i cant rise in the per -
cent age of ben thic foraminifera (mainly of the ge nus Textularia
and Arenobulimina, both ag glu ti nat ing forms), lead ing to the
dom i nance of ben thic forms (see Ta ble 3). The trend re verses
in the higher parts of the sec tion (Visterna, Units 5–10); plank -
tonic forms be gin to dom i nate again. In gen eral, the per cent age
of ben thic foraminifera ap pears to par al lel the amount of
siliciclastic ma te rial pres ent in the bulk sam ple. Among ben thic
foraminifera, ag glu ti nat ing forms dom i nate. EDS anal y ses con -
firm that – in most cases – cal car e ous foraminifera shells are
made of pri mary cal cite and were not dis solved dur ing
diagenetic pro cesses. More over, ben thic cal car e ous forms
co-oc cur with ag glu ti nat ing forms; there fore, the abun dance of
the ag glu ti nat ing foraminifera ap pears to be due to en vi ron men -
tal con di tions, as op posed to diagenetic con trols. An ex cep tion
are foraminifera from Unit 3 (sam ple V18B) and Unit 5 (sam ple
V27A) in which cal car e ous plank tonic foraminifera are pre -

served as si lici fied moulds (in clud ing pore fill ings; the plank tonic 
forms are al most ex clu sively pres ent), with dis solved shells
(Fig. 20).

It is well-known that very shal low or very deep, low pH en vi -
ron ments al low for the dom i nance and high abun dances of ag -
glu ti nat ing foraminifera (Murray and Alve, 2011; Dubicka and
Machalski, 2016; Walaszczyk et al., 2016a). In the Visterna
sec tion, ag glu ti nat ing forms com monly co-oc cur with well pre -
served, keeled plank tonic forms, which may in di cate a higher
en vi ron men tal tol er ance than in con tem po rary forms (Murray
and Alve, 2011) of Late Cre ta ceous ag glu ti nat ing foraminifera.
This con jec ture is sup ported by: (1) good pres er va tion of ag glu -
ti nat ing forms’ shells, which ex cludes the pos si bil ity of sig nif i -
cant trans por ta tion prior to de po si tion; (2) pres er va tion of the
pri mary com po si tion and struc ture of plank tonic foraminifera
shells, which ex cludes the pos si bil ity that the rel a tive en rich -
ment in the fre quency of the ag glu ti nat ing forms was a re sult of
the dis so lu tion of plank tonic forms; and (3) low or ganic mat ter
con tents in the sam ples ex am ined for dinoflagellate cysts,
which is ev i dence of nor mal, oxic con di tions at the sea wa -
ter-sed i ment in ter face. The lack of pri mary cal cite in fora -
minifera shells from sam ples V18B and V27A, and the con den -
sa tion of these mi cro or gan isms in sam ple V27A is in ter preted
as a con se quence of diagenetic dis so lu tion and wash out of car -
bon ates from orig i nally cal car e ous strata.

Dis tinct Tethyan in flu ences in the Late Turonian of the
Babadag Ba sin may be in ferred based on the com par i son of
foraminiferal as sem blages from the Babadag and from the Mid -
dle Vistula River sec tion (Cen tral Po land; see Peryt, 1980;
Walaszczyk and Peryt, 1998). Marginotruncana cf. marianosi,
M. schneegansi and M. tarfayaensis – all found in the Babadag
Ba sin – are typ i cal Tethyan spe cies (see e.g., Ardestani et al.,
2012; Kazemi et al., 2014; Chen et al., 2015; Reolid et al.,
2015). In ter vals with clear dom i nance of cal car e ous al gae may
be con sid ered ev i dence for re peated eutrophic events.

Dur ing the Late Turonian, the Babadag Ba sin con sti tuted a
rel a tively shal low, nearshore to off shore en vi ron men tal set ting.
Sev eral lines of ev i dence sup port this sup po si tion: for ex am ple,
terrigenous quartz is rel a tively abun dant; and, there is a di verse 
abun dance of ben thic or gan isms (foraminifera, echinoids, bi -
valves, brachi o pods, al gae, cor als, bryo zoans and ostracods).
A shallowing event is re corded in the mid dle part of the
Turonian suc ces sion (units 2–4 of the Visterna sec tion;
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Fig. 17A–C – Platyceramus ex gr. mantelli (de Mercey; Barrois, 1879, MWGUW ZI/87/061–063)

 Scale bar – 1 cm, MWGUW ZI/87/XX – mu seum num bers
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Fig. 18. Upper Turonian and Middle Coniacian ammonites of the Babadag Basin

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

A – Peroniceras sp., MWGUW ZI/87/016; B – Peroniceras tridorsatum (Schlüter, 1867), MWGUW ZI/87/017; C, D – Nowakites sp.,
MWGUW ZI/87/019–020; scale bar – 1 cm; MWGUW ZI/87/XX – mu seum num bers
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Fig. 21), char ac ter ized by a sig nif i cant in crease in the abun -
dance and grain size of de tri tal quartz. This Mid dle–Late
Turonian shallowing (emer gence?) event is con sis tent with the
Late Turonian trends re corded in many Eu ro pean and Amer i -
can sec tions (Han cock and Kauffman, 1979; Han cock, 1989;
Hart, 1990; Han cock and Walaszczyk, 2004; Haq, 2014) and is
thus in ter preted with re spect to the Late Turonian eustatic re -
gres sion. How ever, it may be also in ter preted as a synrift event, 
re lated to Peceneaga–Camena fault ac tiv ity trig gered by the
West ern Black Sea ba sin open ing (see Krezsek et al., 2018).

LOWER CONIACIAN

A ma rine shelf, off-shore en vi ron ment is sug gested by: (1)
very lim ited terrigenous in put and sparse quartz con tent; (2)
small de tri tal grain size and (3) a fos sil re cord dom i nated by
inoceramids and open-ma rine, plank tonic foraminifera.

MIDDLE CONIACIAN

No char ac ter is tic Tethyan spe cies oc cur in the Mid dle
Coniacian of the suc ces sion stud ied; the foraminiferal as sem -
blages are in line with those of the tran si tional prov ince
(Po¿aryska and Peryt, 1979; Peryt, 1980; Walaszczyk and
Peryt, 1998). The microfacies suc ces sion doc u mented in the
Baia 2 sec tion in di cates a sig nif i cant rise and sub se quent fall in
de tri tal and quartz con tent. An in ter pre ta tion of this trend in
terms of bathymetric changes is sup ported by con com i tant
changes in fos sil as sem blages, and sug gests that a re gres -
sive-transgressive cy cle was re spon si ble.

In gen eral, the Mid dle Coniacian, as rep re sented by the
Baia 2 suc ces sion, rep re sents a pe lagic en vi ron ment. This en -
vi ron men tal in ter pre ta tion is based on a very sparse con tent of
very fine-grained quartz, the pres ence of lami na tions in parts of
the suc ces sion, and by the fos sil as sem blage lim ited al most ex -
clu sively to al gae, sponges and foraminifera. A shallowing

event (at its max i mum in the B211 sam ple) is re corded in the
mid dle part of the suc ces sion (units 2–4), as in di cated by
cross-bed ding, rip ple marks, a dis tinct in crease in quartz con -
tent, and intraformational brec cia (B211 sam ple, Unit 3). The
brec cia ma trix is rich in foraminifera, echinoids, bi valves, bryo -
zoans, ostracods, sponges and al gae. A tec tonic trig ger of the
brec cia for ma tion can not be ex cluded. 

CONCLUSIONS

Three quarry sec tions – Visterna, Caugagia, and Baia 2 –
pro vide a sig nif i cant and mean ing ful in sight into the Up per
Turonian–Mid dle Coniacian suc ces sion of the Babadag Ba sin
(with the mi nor ca veat that some ob ser va tional gaps un for tu -
nately ex ist be tween these sec tions).

The base of the suc ces sion may be se curely as signed to the
early Late Turonian. Based on an inoceramid as sem blage [com -
posed of Inoceramus ex gr. lamarcki Par kin son, 1818, Mytiloides
cf. striatoconcentricus (Gümbel, 1868), and Inoce ramus aff.
perplexus Whitfield, 1877], it may be safely lo cated in the
Inoceramus perplexus and Mytiloides striatocon centricus zones.
The Lower Coniacian, al though poorly ex posed at pres ent, yielded 
a rich Cremnoceramus fauna, which places this por tion of the suc -
ces sion in the Cremnoceramus deformis erec tus and
Cremnoceramus deformis deformis zones, of the early and mid dle 
parts of the Early Coniacian. The Mid dle Coniacian is de noted by
the ammonite Peroniceras tridorsatum (Schlüter, 1867) and
Platyceramus ex gr. mantelli (and the lack of Magadi ce ramus).

The inoceramid and ammonite biostratigraphic zonations
are in agree ment with age as sign ments based on foraminiferal
as sem blages. The zones rec og nized of Helvetoglobotruncana
helvetica, Marginotruncana coronata/Marginotruncana schne -
egansi, and Marginotruncana sinuosa and/or Dicarinella
concavata are stan dard zones in this in ter val. The plank tonic
foraminifera re veal a dis tinct Tethyan in flu ence.

Fig. 20. Dis solved cal car e ous foraminiferal tests with si lici fied moulds and pores fill-in (A and B)

Scale bar – 10 µm

Fig. 21. In te grated biostratigraphy, microfacies, quartz con tent and rel a tive sea level changes in the Late Turonian–
Middle Coniacian in the south east ern part of the Babadag Ba sin

C. def. – Cremnoceramus deformis; V. – Volviceramus; amm. zonation – ammonite zonation; inoc. zonation – inoceramid zonation;
foram. zonation – foraminiferal zonation; other ex pla na tions as in Fig ures 5 and 8
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Dur ing the Late Turonian–Middle Coniacian the Babadag
Ba sin was a rel a tively shal low sea. It was lo cated close to
source ar eas of terrigenous ma te rial, and thus was sen si tive to
de tri tal in put. Microfacies and fos sil as sem blage anal y ses re -
veal that gen er ally sta ble bathymetric con di tions held through -
out this in ter val, with two re gres sion events, one in the Mid -
dle– Late Turonian and one in the Middle Coniacian. The
Middle–Late Turonian re gres sion may be an ex pres sion of the
main Late Turonian eustatic trough. The en hance ment of these
bathymetric trends by lo cal tec tonic events – the open ing of the
west ern Black Sea ba sin and ac tiv ity of the Pecenea ga–Ca -
mena Fault – is quite prob a ble.
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