
© Българско геологическо дружество и Българска академия на науките, 2023 https://bgd.bg/review-bgs

Национална конференция с международно участие „ГЕОНАУКИ 2023“
National Conference with International Participation “GEOSCIENCES 2023”

СПИСАНИЕ НА БЪЛГАРСКОТО ГЕОЛОГИЧЕСКО ДРУЖЕСТВО,  
год. 84, кн. 3, 2023, с. 181–184

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,  
vol. 84, part 3, 2023, p. 181–184

The Bessarabian (Sarmatian) reef buildup between the village of Tyulenovo 
and Cape Shabla (Northeastern Bulgaria) as climatic and paleoecological 
indicator

Elena Koleva-Rekalova

Geological Institute, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., bl. 2, 1113 Sofia; E-mail: e_koleva@geology.bas.bg

Бесарабската (Сарматска) рифова постройка между село Тюленово  
и нос Шабла (Североизточна България) като климатичен  
и палеоеколожки индикатор

Елена Колева-Рекалова

Abstract. The Bessarabian (Sarmatian) limestones composed mainly of endemic foraminifera Nubicularia novoros-
sica are studied in detail in three sections between the village of Tyulenovo and Cape Shabla (Northeastern Bulgaria). 
An important reef buildup found in the upper levels of the sections allows to reconstruct the climatic and paleoenvi-
ronmental conditions. The most prominent changes are а shift from subtropical to drier climate and increased wave 
activity. This led to a decrease in the amount of Nubicularia novorossica and an increase in encrusting organisms such 
as encrusting nubicularia, bryozoans and red algae, which protected the newly formed sediments from destruction by 
the strong wave disturbance. The occurrence of less favorable climatic conditions is also evidenced by the presence of 
microbial micrite masses in the reef limestones.
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Introduction

Pisera (1996) described the Sarmatian reefs as 
“composed of peloidal (thrombolitic) limestones 
with large amounts of early fibrous cement and 
varying admixture of serpulid tubes, sessile forams 
Nubecularia, monostromatic red algae and encrust-
ing cheilostomatous bryozoans”, which occur from 
Poland through Ukraine and Moldavia to Bulgaria. 
A reef structure, 2.5 to 4.5 m thick, is detected dur-
ing the sedimentological and engineering geologi-
cal studies of the Bessarabian limestones (Odartsi 
Formation), cropping out between the village of 
Tyulenovo and Cape Shabla (Koleva-Rekalova et 
al., 2022). The reef caps the limestones, which con-

sist mainly of endemic foraminifera Nubicularia 
novorossica (e.g., Koleva-Rekalova, Darakchieva, 
2020). Microscopic observations of the reef lime-
stones show that they are composed of almost the 
same components (allochems) described by Pisera 
(1996). The aim of the present study is to clarify 
the climatic and paleoecological factors that led to 
the formation of the reef buildup on the territory of 
Northeastern Bulgaria.

Material and methods
Three sections near the village of Tyulenovo, Mar-
tinov Kamak area and Cape Shabla are studied in 
detail. During the fieldwork, a precise description of 
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the limestones is carried out to define their structur-
al features. Twenty-five thin sections are observed 
to determine the textural characteristics of the lime-
stones as well as their microfossil composition. A 
light transmitting microscope “Zeiss Axioscope 
40” equipped with a ProgRes GT3 digital camera is 
used during the observations.

Results and discussion
The section near the village of Tyulenovo starts 
at the sea level with 20  m medium- to fine-bed-
ded limestones, composed mainly of foraminifera 
Nubecularia novorossica (Fig.  1a) and is capped 
by 2.5 m thick dome-shaped reef limestones (bio-
herms). The bottom of the section in the Martinov 
Kamak area is occupied again by stratified lime-
stones, up to 15.0 m thick (Fig. 1b), and containing 
Nubecularia novorossica. Above them are 4.5  m 
thick reef limestones (bioherms), vaguely dome-
shaped. The section at Cape Shabla (near the monu-
ment to the Soviet pilots) is represented by 2.5 m 
of clearly dome-shaped reef limestones (bioherms) 
overlain by 2.2 m thick ocher bioclastic limestones 
(Fig. 1c).

Microscopically, limestones from the bottoms 
of the sections near the village of Tyulenovo and 
Martinov Kamak area are predominantly composed 
of tests of Nubecularia novorossica (Fig.  1d), 
with so-called “small foraminifera” (Darakchieva, 
1996) (Fig.  1d, small rectangle), and bivalve bio-
clasts, bryozoans, gastropods, serpulids occurring 
less frequently. The allochems were almost syn-
sedimentary cemented with isopachous cement and 
later the pores are filled with a drusy cement. The 
resulting limestones are grainstones according to 
the textural classification of Dunham (1962). A de-
tailed description of these limestones is presented 
by Koleva-Rekalova and Darakchieva (2020). On 
the contrary, in the reef limestones in the three sec-
tions, the foraminifera Nubecularia novorossica is 
subordinate despite the abundant encrusting fos-

sils. Encrusting nubecularia Sinzowella caespitosa 
are observed (Fig.  1e, f). They were described in 
similar in age reef limestones in sections from Hun-
gary (Boda, 1979). Encrusting bryozoans (Fig. 1g) 
and red algae (Fig h) are also found, and in smaller 
quantities gastropods (Fig. 1e) and serpulids. Mic-
rite masses (Fig. 1h), sometimes containing micrite 
peloids of bacterial origin, are observed, which rep-
resent and cementing component. The drusy type of 
cement is in subordinate quantity. 

During the Bessarabian, Flintina tutkowski fo-
raminifera Zone (Kojumdgieva et al., 1989), very 
favourable conditions were created for the develop-
ment of various benthic foraminifera, including and 
the endemic species Nubicularia novorossica. The 
climate was warm but not hot, probably subtropi-
cal (Koleva-Rekalova, 1997; Harzhauser, Piller, 
2009). The salinity of the seawater was at about 
25‰ (Görög, 1992) or slightly higher. Moreover, 
most importantly, the wave activity was negligible 
as evidenced by horizontal stratification of the lime-
stones, sporadic ooids and the absence of terrige-
nous components (Koleva-Rekalova, Darakchieva, 
2020). All of the listed factors contributed to the 
mass development of the foraminifera Nubicularia 
novorossica, which represent the main rockforming 
allochem of the limestones, having a total thick-
ness of 15 to 20 m (Koleva-Rekalova et al., 2022). 
Specimens of this foraminifera detached from their 
macrophyte substrates are sometimes accumulated 
in rock-forming quantity throughout Paratethys 
(Cornée et al., 2009 and references therein). Be-
side Nubicularia novorossica, molluscan shells, 
small foraminifera, rare bryozoans, gastropods 
and serpulids are observed as accompanying al-
lochems in the investigated limestones. However, 
because of the tectonic uplift of the Carpathians 
(11.6–11.3 Ma) (Palcu et al., 2019 and references 
therein) the environmental conditions started to 
change gradually. Most likely, the climate became 
drier thus leading to an increasing salinity as a re-
sult of enhanced evaporation. Water activity also in-

Fig. 1. Main field and microscopic characteristics of the Bessarabian reef buildup in the three rock sections: a, stratified lime-
stones composing of Nubecularia novorossica near the village of Tyulenovo (about 20 m thick), capped by reef limestones with 
height of 2.5 m, in the upper part are dome-shaped; b, stratified limestones consisting of Nubecularia novorossica, exposing 
near the Martinov Kamak area (about 15 m thick), covered by reef limestones with height of 4.5 m; c, dome-shaped 2.5 m thick 
bodies overlain by 2.2 m thick ocher bioclastic limestones (the height of the backpack is 60 cm and marked with a small orange 
rectangle), Cape Shabla, near the Monument of the Soviet pilots, (three photographs are of N. Dobrev). Рhotomicrographs (d–h):  
d, Nubecularia novorossica tests (N) cemented by isopachous and drusy mosaics, in places the cements are replaced by rusty mass-
es of Fe-oxyhydroxides, cross-polarized light, section Tyulenovo; e, encrusting nubecularia Sinzowella caespitosa (EN) and drusy 
cement including a gastropod (G), cross-polarized light, section Tyulenovo; f, encrusting nubecularia Sinzowella caespitosa (EN), 
cross-polarized light, section Martinov Kamak; g, briozoan fragment (B) and parts of two Nubecularia novorossica tests (N), cross-
polarized light, section Cape Shabla; h, red algae (A) and micrite masses (MM), cross-polarized light, section Martinov Kamak.
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creased. These conditions became unfavourable for 
the development of Nubicularia novorossica and 
their quantity decreased. Due to the increased wave 
activity, the presence of encrusting organisms such 
as encrusting nubecularia Sinzowella caespitosa, 
bryozoans and red algae increased. These organ-
isms sought to preserve the formed sediments from 
destruction by encrustation. In this sense, the newly 
formed limestones have started to compose a rigid 
framework resistant to the increased wave activity. 
The conditions became more and more harsh and 
along with the encrusting organisms also appeared 
microbial masses, because microbes are very resist-
ant to extreme changes. These limestones represent 
boundstones (bindstones) according to the classifi-
cation of Embry and Klovan (1971). As a result of 
the elevation of the studied area, the existence of the 
reef buildup was ceased.

Conclusion

The present study proves the existence of Bessara-
bian (Sarmatian) reef buildup on the territory of 
Northeastern Bulgaria in the area between the vil-
lage of Tyulenovo and Cape Shabla. It belongs to 
the chain of Sarmatian reefs, traced from Poland 
through Ukraine, Moldova and reaching Bulgaria. It 
turns out that the climatic and paleoecological fac-
tors were important prerequisites for the origin of 
the investigated reef structure. The incipient drying 
of the climate and increasing of wave activity led 
to a decrease in the development of the benthic fo-
raminifera Nubicularia novorossdica. Subsequent-
ly, encrusting organisms such as encrusting nubecu-
laria, bryozoans and red algae increased. This re-
sulted in the construction of a rigid structure that 
could not be destroyed by wave action. The micrite 
microbial masses also played an important role in 
the formation of reef bioherms.
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