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Abstract. Calcareous red algae are organisms of great relevance in paleontological studies as they were important
producers of calcium carbonate throughout geological time. This is also true for the AlBmomanian time

interval, when shallovwater carbonate factories experienced a general decline in the northefretNgan areas. In

this paper, red algae taxa belonging to the uppermost Allbiamer Cenomanian carbonate succession of the Enisala
Member (lancila Formation, Babadag Basin) were documented and described, along with their associated
microfacies. Based on the identified fossil taxa and the microfacies analyses, interpretations of the depositional
environments have been made, suggesting an-meime platform interior environment with normal salinity levels

and reduced luminosity. The age of the carbonate succession is considered to be within the latesteAthjian
Cenomanian interval, based on fossil evidence from the studied samples and research done by previous authors.
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INTRODUCTION succession from Enisala, based on brachiopod,
foraminifera and red algae fossils. This carbonate

Calcareous red algae (CRA) have been an integrauccession was attributed to the Vraconian (Upper

component of shallowvater carbonates since at leasttheAl bi an) by Grtdinaru (2002) a

Ordovician period and continue to be so to this very dapased on brachiopod taxa and a single ammonite

(Wray, 1977 and Sarkar, 2025). The study of fossil redpecimen of the newdglescribed spees Lepthoplites

algae in Romania has previously been focused mainly agnisalaensisGr £ di nar u, 2 OLephoplite¥ h e g €

carbonate sequences from the Cenozoic, particularly fromas introduced by Spath (1925) and several species have

the Miocene (e.g., Bucur & Filipescu, 1994; Chelaru &been described from thdppermost Albian deposits from

Bucur, 2016; Chelaru et al., 2019;héaru, 2020). Europe (England, France, Switzerland, Germany, Spain,

However, occurrences of fossil red algae in Romanif®&omania) and also froMWestern Kazakhstap Gr £ di nar u,

were rarely mentioned from theupper Albian - 2002 and references there in). Bucur & Baltres (2002)

Cenomanian podectonic sedimentary cover of the reported the presence of Cenomanian successions bearing

Carpathians areas and of the North Dobrogea Orogered algae, from two boreholes drilled near the Nicolae

CRA have been described previously from the LoweBt | cescu and Mi hai Bweasternmn | oc a

Cretaceous -Md| dtolvea RNeokuit$ azpoaret @©Bu e bhre, Babadag Basin. Re

1981; Bucur & Dragastan, 1986), Upper Cretaceous af025) performed in the same area have also mentioned

the Rusca Montant Basin ( fBa abundanck ofSred alghd from kihe ,samke S&tnatea n d

border of the Apuseni Mo usodcesdion.s ( Bucur & Duka, 1986;

Bucur & Uri an, 1 92818), Otiet s £ Tha mimsedf thi@ lpaper are: (1) to present the

occurrences of Cretaceous CRA in the Carpathian are@gsxonomy of red algae identified irhe Cretaceous

have been briefly mentioned odarcea & Pop (1963). carbonate successions from the Enisala section; (2) to
Cenomanian shallowater carbonate deposits present for the first time the lithostratigraphic log and the

containing red algae are rarely exposed on the territory efssociated microfacies of the studied succession; (3) to

Romania. Such carbonates are locally known from theiscuss the depositional environment and the

posttectonic sedimentary cover of the North Dobrogegaleoecology of the associated fossil assemblages of the

Orogen, from the Babadag Basin, the vicinity of the Cretaceous carbonates from the Enisala section, based on

Enisala locality The Cenomanian age of the Enisalamicrofacies analysis.

carbonate succession was first mentioned by Pompeck]

(1897) and Simionesc (1910, 1914). Further studies GEOLOGICAL SETTING AND STRATIGRAPHY

were accomplished throughout the ™2@entury by

Macovei & Atanasiu (1934), Atanasiu (1940) and The studied red algae were recorded from one section

MirtuSt & MirtuSt ( 19 6 4 )locatedViedr ithe &misalaeldcalitya right undein®aih 2he

proposed an Aptiadlbian age for the carbonate medieval settlement with the same name (GPS
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44°52'58"N 28°50'08"E) on the slope of Razelm Lakecarbonates from these two wells was considered by Bucur
The studied carbonate succession is part of the- post Baltres (2002) as Early Cenomanian based on
tectonic sedimentary cover of the North Dobrogedoraminifers and CRA taxa. The Upper Cretaceous
Orogen, accumulated in the Babadag Basin (Fig. 1a). Thmiccessions crossed by these wells unconformably overlie
North Dobrogea Orogen is a Cimmerian falddthrust the Triassic deposits.
belt with a Variscan basement, covered by Triassic to
Jurassic sedimentary and volcanic successions. The MATERIALS AND METHODS
Cimmerian structures are sealed by Cretaceous deposits
accumulated in the pegtctonic BabadaBasin (Fig. 1b). A total of 50 rocksamples were collected from the
The lithofacies typical for the basin are represented biieraclea Fortress (Enisala Hill) section. From these, 40
mixed carbonatsailiciclastic deposits, but there are somerock samples were selected for thin sections (6x6 cm
differences in their structure depending on theidength and 3x3 cm width) and polished slabs that were
corresponding geographical location, being thicker in théurther examined under petrographic and binocular
northern region of the basin and thinner in the soutlmicroscopes. These thin sections are stored in the
(Stndul escu, 1984). Wit h l=abotatery gof HPalewritolo@yO of ktime Eniversitya ofwi d t |
of up to 20 km at its widest point, the Babadag BasiniBuc har est (LPB), luliana L az
packed with rocks of latest Albian to Santonian age. Thenportant collection that has been studied from the same
thickness of the Cretaceous deposits in thdédBag section, is represented by more than 200 thin sections,
Basin varies greatly, ranging from over 1600 m in itsmade from samples <coll ected |
north-central part to as little as 266 m only 45 kmand stored in the Depar-t ment
southeast from the centre (Bucur & Baltres, 2002)Bolyai University (UBB), loan I. Bucur collection.
Detailed biostratigraphy of Cretaceous deposits from the The classification of carbonate textures is based on
Babadag basin was performed by numerous previouke system established by Dunham (1962), with
researchers ( Mi r £u'HL & Msubséqueitimodificationd mtroducBdzb§ Enarillovdn9 8 5 ;
Szasz & lon, 1988; lon & Szasz, 1994, lon et al., 1997(1971).
Bucur & Baltres, 2002; Lodowski et al., 2019) based on
their fossil content including ammonites, inoceramidRESULTS
bivalves, foraminifera, andanoplankton.
The Cretaceous deposits from the Babadag BasiDescription of the Enisala section
were divided by Simionescu (1914) into thencila
Formation (AlbianCenomanian) and the Dolojman The Enisala section is located on the seméstern
Formation (TuroniarConiancian).The lancila Formation slope of the Enisala Hill, bellow the archaeological site
can reach a thickness of 400 m and is composed e¢feraclea Fortress (Fig. 2a). The section exposed the
calcareous sandstones and crinoidal calcarenites with felriassic Wettersteiutype thickbedded grey limestones
intercalations of calcareous conglomeratesthat are unconformably overlaid by the lower part of the
Lithostratigraphic  differences have led previouslancila Formation (Enisala Member, cf. Patrulius, et al.
researchers to divide this formation into four membersi974). The top of the Triassic limestones is strongly
Enisala, Hamangia, Babadag, and Gd®\iPatrulius et brecciated, affected by numerous fissures, fractures and
al., 1974; Szasz & lon, 1988). cavities filled with late diagenetic cements and/or with
Near Enisala locality, the lower part of the Cretaceoupink limestones of the overlying unit (Fig. 2b). The
succession (AlbiaaCenomanian) from Babadag Basin is overlying unit (the Enisala Member) is almost 20 meters
exposed (Fig. 1c). The Cretaceous section is 20 metetisick. The base of this unit is represented by a
thick and consists of bioclastic limeston&scally rich in  sedimentary breccia (1,7 m thick) with angular clasts of
fossils (especially brachiopods and red algae) andiriassic limestones and carbonate matrix represented by a
represents the Enisala Member of the lancila Formatioferruginous bioclastic packstone with rare red algae (Fig.
(Simionescu, 1914) which unconformably overlie the3b). The next 1,5 meters are represented by pink and
Triassic deposits. yellowish-grey crinoidal limestones (Fig. 3c), followed
Bucur & Baltres (2002) reported the presence oby approximate 7 meters of meditedded pink to
Cenomanian deposifsom the cores of two wells drilled yellow-grey bioclastic limestones very rich in calcareous
on the nortkeastern part of the Babadag Basin (Fig. 1c)red algae, echinoid debris and molluscan shell fragments
One wel |l (12/5) is | ocat e(#ig. 8dpe).tThe ntacofossits @re Nepresentechmmainli byl c e <
locality, at almost 20 kilometres norttest from the ostreoid and inoceramid bivalves and by abundant
Enisala section, and crossed the lancila Formatibn rhynchonellid and terebratullid brachiopods. Encrusting
approximate 400 meters thickness level. The second wealkganisms such as bryozoans and serpulids are common.
(69.806) is located near to Turda locality, at 4,5 kmRare small colonial corals, gastropods and a few echinoid
southeastward from the well 12/5 and penetrated thespecimens were observed. The red algae are present all
lancila Formation at approximate 291 meters thicknessver the section, with numerous complete, ypeiserved
(Bucur & Baltres, 2002). The age of the studiedspecimens.Benthic and planktonic foraminifera are
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SGF: Sfantu Gheorghe Fault NDO: North Dobrogea Orogen Peceneaga
PCF: Peceneaga Camen Fault CD: Central Dobrogea
COF: Capidava Ovidiu Fault ~ SD: South Dobrogea
IMF: Intra-moesian Fault ScyP: Scythian Platform
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Figure 1. a. Simplified geotectonic map of Romania with location of the North Dobrogea Orogen (ND(
Tectonostratigraphic map of the North Dobrogea Orogen showing the main tectonic units and the distrik
Mesozoic deposits (modified from Seghedi, 2006)¢Geological map of the area (basedtbe geological map
1: 200000 of the Tulcea area, MirtuSt et al., 196
star) and the locations of the tweells (red triangles) thadrilled the succession of the Cenomanian deposit
subsurface.
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e

o= e Jppermost Albjan

Figure 2. a. Outcrop view of the Enisala section: upper Triassic bedded limestones and thectmst sedimentan
cover represented by Uppermost Albi@anomanian carbonatels; The top of the Triassic limestones is strong
brecciated, affected by numerous fissures, fractures and cavities filled with pink limestones of the overlyhc
lancila Formationic. Pink-yellow-grey bioclastic limestones very rich in red calcareous algae, echinoid debr
molluscan and brachiopods shelidments (Enisala Member, lancila Formation).

present in several bed®©ne ammonoid specimen of MFT3 - Bioclastic wackestoriéloatstonewith whole
Lepthoplites enisalaens{sGr £ di nar u, 2 0 O0f&ygils and svellfpeeserved epifaur(&igs. 510): the
this succession. The last 8 to 10 meters of the successifaties is a poorly sorted skeletal floatstone; the micritic
are represented by bioclastic (mainly crinoidal)matrix is bioclastic wackestone with shell debris and

limestones with fragments of red algae (Fig. 3f, g). small, angular quartz grains; the larger fossils are
represented by brachiopods, oysters, inoceramids and
Microfacies rudists bivalves, corals, gastropods, bryozoans, red algae,

rare dasycladalean algae, serpulid wauines; crinoid

Four microfacies types (098l & pbundanvand holetteiran scldriges, tedhificide d
from the studied carbonates of the Enisala Hill section: spines are also present, along with benthic foraminiferas,

MFT1 - The base of the Cenomanian carbonaténcluding rare orbitolinid foraminifera, ostracods and
succession is represented kg transgressive basal calcispheres; bivalves and brachiopods shells are
carbonate breccia containing centimetrsized angular abundant, well preserved, with articulated shells;
carbonate clasts from the Triassic underlying deposithowever, there are alstbundant fragmentes of bivalves,
The ferruginous micritic matrix contains a high corals and gastropodshe oysters shells preserve the
proportion of millimetric angular carbonate clasts (Fig.prismatic outer layer and the foliated or vesicular layer
4a, b); (Fig. 10f, g); rare inoceramidshells exhibit the

MFT2 - Bioclastic wackestond packstonewith  characteristic prismatic microstructure, with honeycomb
fractures filled with sparitic calcit€Fig. 4cf): bioclasts pattern in plan view and the difference in prism size in
are strongly bioeroded and recrystallized and consists d@fie outer and inner shell layer (Fig. 10d); the brachiopod
thick-shell  bivalves, bryozoans and red algaeshells show specific endopunctation (Fig. Yaialves
(Paraphylum primaevumLemoing, rare holothurian and brachiopods shell fragments are strongly
sclerites, foraminifers; the matrix consists of ferruginousored/bioeroded; bryozoarend red algae are common
micrite and fine skeletal debris. and very well preserved; the skeletal grains are not coated
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Figure 3. a. Lithostratigraphic column of the studied Enisala sectieg; Polished slabs of the main carbonate facies
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Figure 4. Microfacies identified in the studied secticamb. MFT1 Transgressive basal carbonate brecociataining
centimetresized angular carbonate clasts from the Triassic underlying depo$it8FT2 Bioclastic wackestorie
packstone with fractures filled with sparitic calcite: red algae (Rh), bryozoans (Bry), orbitolinid foraminifera
calcified sponge (Sp), burrow (Bur), styolites (Sty). IDs of the LPB thin sections: 2618; c, d 2674; e- 2675; f-
2676.

and nomrskeletal grains (peloids, intraclasts, ooids) ardamilies, Sporolithaceae and Corallinaceae. The genus
absent. Agardhiallopsisis of uncertain order and family.
MFT4 - Grainstonepackstone with abundant red
algae. Red algae are common along with crinoids andivision RHODOPHYTA Wettstein, 1901
bivalves bioclasts; the micritic matrix contain millimetric ClassFLORIDEOPHYCEAE Cronquist, 1960

guartz grains and extraclasts (Fig. 11c, f). Subclass CORALLINOPHYCIDAE Le Gall &
Saunders, 2007
Taxonomy of identified calcareous red algae OrderSPOROLITHALES Le Gall et al.,2009

Family SPOROLITHACEAE Verheij, 1993
Several taxa of CRA were identified in the studied
thin sections, which will be described systematicallyGenusSporolithon Heydrich, 1897
below. The suprageneric taxonomy follows Hrabgvek
al., 2015. Most of the identified fossil CRA belong to two Sporolithon rude(Lemoine) Ghosh and Maithy, 1996

Fig. 12 af
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Figure 5. a-h. Microfacies identified in the studied section: MFT3 Bioclastic wackestofieatstonewith whole
fossils and well preserved epifauna: bivalve shells (Bv), red algae PRgphylum(Pa), colonial corals fragments
(Co), gastropods (Gstr), oyster bivalves (Oys), brachiopod shells (Br), bryozoans (Bry). IDs of the LPB thin sectiol
b, c, d- 2678; e, - 2679; g- 2680; h- 2683.
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Figure 6. Microfacies identified in the studied sectiomd MFT3 Bioclastic wackestofifloatstonewith whole
fossils and well preserved epifaukayardhiellopsigAg), Paraphylum(Pa),Sporolithon(Spr), oyster bivalves (Oys),
foraminifera (Fo), bivalve shells fragments (Bv). IDs of the UBB thin section$; &- 18; c- 15; d- 28.
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Figure 7. a-c. Microfacies identified in the studied section, MFT3 Bioclastic wackestdtuatstonewith hole fossils
and well preserved epifauna; serpulid worms (Se)b, Paraphyllum(Pa), bryozoans (Bry), ostracodes (Os);
dasycladalean algae (?) (Da) and oyster fragments (Oys). IDs of the UBB thin sectidéfisba84; c- 91.
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Figure 8. a-h. Microfacies identified in the studied section, MFT3 Bioclastic wackesfarastonewith whole
fossils and well preserved epifaun@araphylum (Pa), dasycladalean algae (D&porolithon (Spr), orbitolinid
foraminifera (Orb), crinoid ossicles (Cr), oyster bivalves (Oys), bryozoans (Bry), bivalve shells fragments (
planktonic foraminifera (Fo), calcispheres (Ca), extraclasts @&gdrdhiellopsifAg). IDs of the UBB thin sections:
a-13; b-17; c-28; d, e 29; f- 40; g, h- 42.
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Figure 9. a-g. Microfacies identified in the studied section, MFT3 Bioclastic wackesftyastonewith whole
fossils and well preserved epifaurfaraphylum(Pa), orbitolinid foraminifera (Orb), quartz grains (Q), echin
spine (Esp), bryozoans (Bry), bivalve shells fragments (Bv), oyster bivalves (Oys), brachiopod shell (Br),
ossicles (Cr), planktonic foraminifera (Fo), ostracods (Bgardhiellopsis(Ag). IDs of the UBB thin sections: a
45; b- 46; c- 47; d- 55; e- 71; f- 82; g- 47.
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Figure 10. a-g. Microfacies identified in the studied section, MFT3 Bioclastic wackesftowstonewith whole
fossils and well preserved epifaunfsgardhiellopsis(Ag), Paraphylum(Pa), crinoid ossicles (Cr), extraclasts (EX),
planktonic foraminifera (Fo), calcispheres (Ca), serpulid worms encrusting (Se), bivalve shells (By), oyster
strongly bioeroded (Qys), bryozoans (Bry), echinoid spine (Esp), holothurian sclerite (Ho). IDs of the UBB
sections: a 92; b- 74; c- 79; d- 94; e- 107; f- 96; g- 109.

n
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Figure 11. a-d. Hensonipapillussp. (foraminifera);e-h. MFT4 Grainstongyackstone with abundant red algaed
algae fragments strongly bioeroded (Rh), extraclasts (Ex), oyster bivalves (QOys), bivalve shells fragments (prc
inoceramids) (Bv). IDs of the UBB thin sections: &,26; ci 53; d- 25; IDs of the LPB thin sections: e; 2689; g-
2690; h- 2690a.
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