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Abstract. Eight Bessarabian (Sarmatian) serpulid bioherms located among aragonite sediments of the Topola
Formation in section Zelenka (Northeastern Bulgaria) have been studied to elucidate their macro- and microscopic
characteristics. It is concluded that these bioherms were formed under identical arid climatic conditions as the associ-

ated aragonite sediments.
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Introduction

Polychaete serpulids are globally distributed tube
worms mostly in marine environments from Late
Triassic to modern (Yang et al., 2012). Pisera (1996)
described Sarmatian reefs that “are composed of pe-
loidal (thrombolitic) limestones with large amounts
of early fibrous cement and varying admixture of
serpulid tubes, sessile forams Nubecularia, monos-
tromatic red algae and encrusting cheilostomatous
bryozoans”. The Sarmatin bioherms also composed
of nubeculariids (Nubecularia novorossica) en-
crusted by serpulids, red algae and bryozoans were
reported from the upper part of the section Tyule-
novo and section Shabla Cape, Northeastern Bul-
garia (Koleva-Rekalova, Darakchieva, 2020). They
belong to the Odartsi Formation with chronostrati-
graphic range a part of the Bessarabian — Plicati-
forma fittoni mollusk Zone and Flintina tutkowski
foraminifera Zone after Kojumdgieva et al. (1989).
In the present paper eight serpulid bioherms were
studied for the first time. These bioherms are locat-
ed in the lowest interval of the cliff from the area of
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Zelenka, SE of the village of Balgarevo, Northeast-
ern Bulgaria. They are situated among the aragonite
sediments, Topola Formation (latest Bessarabian—
earliest Khersonian in age). The Bessarabin age of
the sediments from the studied interval with ser-
pulid bioherms was defined by diatoms (Ognjano-
va-Rumenova, 2019) and bivalvian fauna (Nikolov,
2021). The aim of the present study is to describe
macro- and microscopically peculiarities of the Sar-
matin serpulid bioherms and to elucidate the condi-
tions of their formation. This study proved that they
were formed under the same arid climatic conditions
as the aragonite sediments found by Koleva-Rekal-
ova (1997) and Koleva-Rekalova et al. (2020).

Material and methods

Eight serpulid bioherms were described and col-
lected within an interval composed of the aragonite
sediments of the Topola Formation in the area of
Zelenka. Detailed description of the studied section
was published in Yaneva et al. (2019). The serpulid
bioherms were described macroscopically, and
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their internal fabric was examined in thin sections.
The relative content of the aragonite crystals in the
sediments was determined in smear slides, and their
shape and size in SEM images.

Results

It was found that the serpulid bioherms began to grow
on one uniform bedding surface of the aragonite sedi-
ments in the studied area. These bioherms are located
at 1.0-1.5 m from each other. Their shape is pre-
dominantly circular to elliptical and rarely irregular
(Fig. 1a). Their sizes vary from 40x40 to 25%20 cm.
The serpulids reveal a colonial form and grow verti-
cally, in more or less parallel slightly sinuous tubes.
The serpulid bioherms are indurated and show a
slightly positive relief against the background of un-
consolidated aragonite sediments. A precise deter-
mination of the taxa of the studied serpulids was not
possible. They could be ascribed to the genus Serpula.

The transverse sections of the serpulid worm
tubes have a circular to elliptical shape in thin section
observations (Fig. 1b, ¢). The size of the individual
tubes rarely exceeds 1.2x1.2 mm. The wall thick-
ness of the tubes reaches a maximum of 0.10 mm.
The walls are empty, only their molds can be seen
(Fig. 1b, c). Most likely, they were originally com-
posed of aragonite, which was dissolved after the
lithification of the serpulid bodies. The inner parts
(cavities) of the tubes are partially or completely
filled with clear fibrous mosaics, and sometimes with
darker peloid-containing micrite. In some places

clear fibrous isopachous crusts (cement) around
tubes exist as in smaller pore spaces are observed
polygonal boundaries between them (Fig. 1¢). Larg-
er pores are filled with darker peloid-containing
micrite (Fig. 1b, ¢).

The aragonite sediments are composed mainly
of aragonite crystals (Fig. 1d). Their shape is nee-
dle-like and crystal lengths rarely exceed 0.010 mm.
The shape and lengths of the studied crystals are
identical to those described in other sections consist
of aragonite sediments on the territory of Northeast-
ern Bulgaria (Koleva-Rekalova, 1994).

Discussion and conclusion

The serpulids generally attach on shells, rocks and
other hard objects on the seafloor when sedimenta-
tion stops. Immediately after settlement, the emerg-
ing worm forms calcareous tube for dwelling in, the
tube prolongs as long as the worm growth is going
on (Yang et al.,2012). When they die the dead tubes
form new habitat for the settlement of serpulid lar-
vae and the bioherm continues to grow and spread.
Behrens (1968) calculated that the maximum meas-
ured length of a single tube of ~3 cm could increase
in 150-300 days. Therefore, a serpulid bioherm
with a height of 30-40 cm can form in a very short
period under favorable environmental conditions.
Most preserved serpulid worm forms lived in
fully to hypersaline-water settings (Scholle, Ulm-
er-Scholle, 2003). Doss (2006) reported that large
aggregates of calcareous serpulid worm tubes in

Fig. 1. a, shape of serpulid bioherms: elliptical (left), irregular (center), circular (right); b, photomicrograph of elliptical transverse
sections of serpulid tubes in darker peloid-containing micrite, the tube walls are empty, the cavities of the tubes are partially or com-
pletely filled with clear fibrous mosaics, PPL; ¢, photomicrograph of transverse sections of circular and elliptical serpulid tubes,
fibrous isopachous cement with polygonal boundaries growing on worm tubes, XPL; d, SEM image of the aragonite sediments
composed predominantly of needle-like aragonite crystals, some of them are dissolved to varying degrees
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Enriquillo Embayment (Dominican Republic)
were formed as a result of abrupt mid-Holocene
transgression from marine to restricted hyposaline
conditions. The mass occurrence of serpulids is in-
dicative of stressed environmental conditions and is
related to the presence of few predators and by lim-
ited competition with other organisms for food and
space (Berra, Jadoul, 1996).

The studied serpulid bioherms are situated
among the Bessarabian aragonite sediments. Their
growth began after the interruption of the aragonite
precipitation and in the absence of flow of clastic
components from the land. After recovery of the
aragonite sedimentation the bioherms preserved
their shape due to the lack of currents and early
lithification with fibrous isopachous cement grow-
ing on or inside some worm tubes. The presence of
peloid-containing micrite in larger pore spaces and
in inner parts of the tubes indicates that it was au-
togenous and formed by the metabolic activity of
microbes (Riding, 2000). In this respect, the stud-
ied serpulid bioherms are similar to the Norian ser-
pulid-microbial bioconstructions from Lombardy
Basin (Southern Alps, Italy) reported by Berra and
Jadoul (1996). It was not found fossil bivalvian fau-
na (Nikolov, 2021) and foraminifera (in the obser-
vations of smear slides) in the aragonite sediments,
containing serpulid bioherms. This fact shows that
they grew in stressed environmental conditions.

The formation of the serpulid bioherms was
closely related to the climatic conditions under
which the aragonite sediments were precipitated
(Koleva-Rekalova, 1994, 1997; Koleva-Rekalo-
va et al., 2020). During the latest Bessarabian the
climate was predominantly arid with some humid
periods. Aridization led to an increase in evapora-
tion and therefore to an increase in the salinity, pH
and alkalinity of the basin water. These factors, as
well as others such as an increase in Mg/Ca ratio,
favored the crystallization of aragonite. Studenska
and Jasionowski (2011) commented that “the mass
occurrence of serpulids in the early Sarmatian was
possibly attributable to very peculiar environmen-
tal conditions characterized by highly alkaline and
calcium carbonate-supersaturated water, the latter
feature resulting from strong evaporation”.

In conclusion, it can be summarized that the
presence of serpulid bioherms among the aragonite
sediments is another indicator of the existence of
arid climate periods generating evaporation during
the latest Bessarabian (Sarmatian) on the territory of
Northeastern Bulgaria.
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