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Abstract. Five conodont zones (falsiovalis, rhenana, triangularis, marginifera, and praesulcata) were recognized
within the Upper Devonian carbonate sequence in the Preslavtsi 2 well from the Moesian Terrane in NE Bulgaria.
Microfacies study indicates a climate change (from the Subtropical Arid to the Warm Temperate Climatic Zones) re-
corded in the Frasnian—Famennian succession. Thus, during the Givetian and early Frasnian, sedimentation took place
in an arid tidal flat setting, where microbial mats and lagoon carbonates have been formed. In the late Frasnian, a trans-
gression, followed by a rapid regression was recorded that are presumably related to the Late Devonian Kellwasser
event. At the beginning of the Famennian, a climate change has occurred and various shallow- and open-marine car-

bonates have been formed under warm temperate climate conditions.
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Introduction

The peri-Gondwanan origin of the Palaeozoic suc-
cessions in Bulgaria have been proved for the first
time by Yanev (2000), who recognized two major
terranes: the Moesian and the Balkan. The Upper
Devonian carbonate successions from the Moesian
Terrane in Bulgaria has been reached only in sev-
eral deep wells (Chereshovo 1, Preslavtsi 2, Dulovo
1, and Vaklino 1), and their age has been proved by
conodont and foraminifera microfaunas (Mihailo-
va-Jovcheva, 1971; Spassov, 1983).

The most representative subsurface section of the
Frasnian—Famennian sequence occurs in the Pres-
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lvatsi 2 well (Fig. 1). The Upper Devonian sequence
was drilled in the depth interval 1220-2130 m and
was subdivided by Yanev (1972) into three infor-
mal lithostratigraphic units. The Banded limestone
unit (depth interval 1894-2130 m) is built up of
creamy-grey to dark grey limestones and dolomitic
limestones plus sporadically presented dark grey
fine- to medium-crystalline dolostones. Light grey
to creamy-grey massive limestones locally interbed-
ing with dark grey to black argillaceous limestones
are indicative for Intraclastic and peloidal limestone
unit (depth interval 1563—-1894 m). The rocks of-
ten contain well-preserved brachiopod shells and
crinoid ossicles. The Organogenic limestone unit
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(depth interval 1220-1563 m) is characterized by
brownish grey to dark grey massive limestones with
common fossil remains (bryozoans, brachiopods,
crinoids).

The present work aims to perform conodont bi-
ostratigraphic and microfacies studies of the Upper
Devonian deposits of the Preslavtsi 2 well and to
identify a climate change during the Frasnian and
Famennian, based on microfacies analysis.

Conodont data

Conodont fauna in the Banded limestone unit is
very scarce due to harsh arid environment condi-
tions and locally presented pervasive dolomitiza-
tion. The upper boundary of Polygnatus varcus
Zone is recorded at depth of 2162.50 m indicating
the upper parts of the middle Givetian. The Give-
tian/Frasnian boundary cannot be precisely identi-
fied because of the rare drilling core intervals and
was thus traced by Spassov (1983) approximately
at depth of 2130 m. The first appearance of Icriodus
subterminus at depth of 2021 m suggests the lower
Frasnian upper falsiovalis Zone (Ziegler, Sandberg,
1990). The other conodont species extracted from
the same depth are: Pelekysgnathus elevatus (Bran-
son & Mehl), Polygnathus decorosus Stauffer, and
Polygnathus variabilis Bischoff & Ziegler. On the
other hand, Mihajlova-Jovcheva (1971) described
upper Frasnian foraminifers in the drilling core in-
tervals 1893—1897 m and 1828-1837 m. Based on
both conodont and foraminifera data, we can only
assume that the depth interval 1897-2162 m is most
probably within the range of the lower Frasnian fal-
siovalis—hassi(?) Zones.

The first appearance of Polygnathus brevilami-
nus Branson & Mehl at depth of 1829 m together
with the upper Frasnian foraminiferal species Eo-
geinitzina devonica (cf. Spassov, 1983) indicates
the upper rhenana Zone. Thus, as mentioned above,
the depth interval 1828—1897 is assigned to upper
Frasnian.

The depth interval 1695-1828 m is barren of
conodonts and Frasnian/Famennian boundary is
approximately located by Spassov (1983) at depth
of 1810 m. Diverse and abundant conodont fauna
(e.g. Palmatolepis minuta minuta, Icriodus cornu-
tus, Bispathodus stabilis, Polygnathus perplexus,
Apatognathus varians klapperi, and Bispathodus
stabilis) occurs in the depth interval 1319-1695 m
indicating the lower Famennian triangularis Zone.
The depth interval 1311.30-1319.10 m is also char-
acterized by rich conodont fauna (Polygnathus
nodoundatus, Hindeodella uncata, Spathognatho-
dus strigosus, Bispathodus stabilis, Polygnathus
perplexus) assigned to the Famennian marginifera
Zone. Scarce conodont data (Apatognathus scalen-
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sis and Polygnathus semicostatus) from core in-
terval 1224-1228 m indicate the upper Famennian
praesulcata Zone.

Facies associations

Three microfacies associations (peritidal, subtidal
lagoon and deep-water) were distinguished and de-
scribed in the Frasnian carbonate successions from
Preslavtsi 2 well (Fig. 1). Peritidal mirofacies asso-
ciaition occurs only in the lower Frasnian deposits
and includes two microfacies types: fenestral micro-
bial bindstone with porostromate microstructures
(MFT 1) and fenestral peloidal microbial bindstone
(MFT 2). They are interpreted as originated within
the range of the intertidal and lower supratidal zones
of an arid tidal-flat environment. Protected shallow
subtidal (lagoon) association includes two micro-
facies: palaeosiphonoclad wackestone and pack-
stone (MFT 3) and bioclastic-peloidal packstone
and grainstone (MFT 4). They are interpreted as
formed in shallow subtidal settings with moderate
water circulation and are recorded in the lower and
upper Frasnian carbonates. Deep-water microfacies
was deposited under the storm wave base (SWB)
and is represented by bioturbated wackestone to
grainstone (MFT 5), containing rare radiolarians,
thin-shelled ostracods and styliolids. This microfa-
cies is distinguished only in the upper Famennian
limestones. A lithoclastic rudstone (MFT 6) occurs
in the uppermost Frasnian core interval.

Famennian microfacies have been previously
studied in detail, where four microfacies associa-
tion have been distinguished and interpreted (cf.
Andreeva, 2019). Protected shallow subtidal (la-
goon) association have been recognized only in the
lowermost Famennian(?) part of the borehole sec-
tion. Wave-dominated shallow subtidal association
includes microfacies types, interpreted as formed in
high-energy shallow-marine settings at or above the
fair-weather wave base (FWWB). They are repre-
sented in both lower and upper Famennian deposits.
Open-marine microfacies association consists of
microfacies that were formed below the FWWB and
are documented only in lower Famennian carbon-
ates. Reef microfacies association rarely occurs in
lower and upper Famennian deposits.

Discussion

During the Givetian and lower Frasnian, sedimenta-
tion took place in a peritidal setting, where micro-
bial mats (MFT 1 and 2) developed in intertidal and
lower supratidal zones. The lack of fauna indicates
harsh environmental conditions — elevated salinity
and periodically subaeral exposure. The climate
was arid (Yanev, 1974) and evidence of such con-
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Fig. 1 Stratigraphic log of Preslavtsi 2 well with recognized microfacies associations, interpretation of the sea-level curve and loca-
tion on the Moesian Terrane in the Subtropical Arid and the Warm Temperate Climatic Zones (after Scotese et al., 2014)

clusion is the presence of evaporites (anhydrites)
in close association with identical Givetian and
lower Frasnian carbonates, found in other wells
in the area (Chereshovo 1, Dulovo 1, Kardam 119
and Vaklino 1). Shallow subtidal (lagoon) setting
(MFT 3) is also noted in the upper parts of the
lower Frasnian succession. Relatively good fossil
preservation testifies a deposition in calm shallow-
water setting. However, the low biota diversity in-
dicates still stagnation environment (restricted or
semi-restricted conditions). In late Frasnian time,
carbonate sedimentation continued in shallow-
subtidal lagoon environment (MFT 4). A trans-

gression is recorded in the time corresponding to
upper rhenana Zone, where deep-water sediments
(MFT 5) were deposited over the shallow-subtidal
lagoon carbonates (MFT 4), followed by a rapid
regression (MFT 6). Most probably, this rapid
transgression-regression pulse was related to the
Late Devonian Kellwasser event.

At the beginning of the Famennian, climate
change has occurred when the Moesian Terrane has
removed from the Subtropical Arid to the Warm
Temperate Climatic Zone (cf. Scotese et al., 2014).
During the early and late Famennian, carbonate
deposition took place in high-energy shallow-ma-
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rine settings at or above the FWWB, reef settings
and open-marine environments, located below the
FWWRB. The high biota diversity (crinoids, brachio-
pods, ehinoids, red algae, bryozoans, foraminifers,
stromatoporoids. etc.) suggests normal salinity,
good water circulation and warm temperate climate
conditions.

Conclusion

A climate change is recorded in the Frasnian—Fa-
mennian carbonate sequence from Preslavtsi 2 well
from the Moesian Terrane in NE Bulgaria, based
on the performed biostratigraphic and microfacies
studies. Thus, during the early Frasnian, peritidal
and lagoon deposits have been formed under arid
climate conditions (Subtropical Arid Climatic
Zone). In late Frasnian (upper rhenana Zone), a
sea-level transgression, followed by a rapid regres-
sion is herein documented. Later, during the Fa-
mennian, a climate change occurred and various
shallow- and open-marine carbonates were formed
under warm climate conditions (Warm Temperate
Climatic Zone).
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