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Introduction
The Avren Formation was introduced as “Avren
marls” (Gočev, 1933) and its rank of formation was
determined by Dzuranov and Darakchieva (1986).
The chronostratigraphical range of the unit has
been determined based on planktonic foraminifera
(Dzuranov, Darakchieva, 1986) and nannofossils
(Muzilev in: Aladjova-Khrischeva et al., 1983) as
uppermost part of the Ypresian–lowermost Priabonian.
The Avren Formation is widespread in Northeastern Bulgaria. It was established in numerous
outcrops in the plateaus (Provadia, Varna, Avren) as
well as in numerous boreholes in Dobrogea area and
the Dolna Kamchiya Basin. Generally, it consists of
pale-grey to grey-greenish thin-bedded, pure, sandy
or limy marls interbedded in the lower levels with
clayey limestones and usually, the unit is considered
to be a considerably homogenous succession. The
investigations, based on borehole data revealed that
the formation demonstrates lithological varieties. In
Dobrogea area and in the Varna Plateau it was subdivided into three packages – marly limestone, clayey, and marly (Valchev et al., 2018, 2019). In the
Dolna Kamchiya Basin another subunit, the Dolni
Chiflik Member, was defined (see Juranov, 1993),
and recently Valchev and Dimitrov (2020) noted
that the unit comprises several lithological types.
The present study aims to investigate the spatial
distribution and relationships of the lithotypes by
creating a 3D lithological model and thus to clarify
the internal structure of the Avren Formation in the
Avren Plateau. The last is an onshore part of the
Moesian Platform (Fig. 1a).

3D lihological modelling
The 3D lithological model was created on the basis
of the primary lithological data from 56 boreholes’
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logs (Fig. 1b). The software processing was done
by Datamine Discover, and it is based on: (i) dividing into individual blocks (voxels) with sizes
30×30×2 m; (ii) statistical processing by discretised griding method, using Inverse; (iii) distance
weighting for interpolation of discrete or classified
data, with 9 groups of lithological types (including the base and the cover of the Avren Formation); (iv) choosing of radius of searching not more
than 2 km in purpose to avoid errors or inaccuracy
caused by variability of thickness or the presence
of gaps in individual boreholes; (v) excluding bodies thinner than 2 m and using anisotropic elliptical
search. Only the spatial distribution of the lithological types, building up the Avren Formation are
visualized in Figure 1c–g.

Lithological types
The Avren Formation was established in all borehole sections except C-49 Konstantinovo borehole,
and it shows the most diverse record amongst the
Palaeogene units in the Avren Plateau. We recognized seven lithological types or combinations of
lithological types.
Marls. They are the main lithological type,
which was recorded in the whole area of study
(Fig. 1c). The marls are gray-greenish, silty, thinbedded, and contain pyrite grains, mica flakes,
rare sandy lenses, bivalve shells, remains of small
foraminifera, megaflora and squames of fishes.
In 19 borehole’s sections the marls are separated
into two levels by a distinct clayey package, while
in 8 sections they form a homogenous marly succession.
Marls and sandstones. The marls are pale-gray,
greenish at the lower levels, silty, thin-bedded,
containing fine pyrite grains. The sandstones are
pale-gray, fine-grained, limy, containing glaucohttps://doi.org/10.52215/rev.bgs.2020.81.3.150

Fig. 1. a, tectonic subdivision of the territory of Bulgaria (after Dabovski, Zagorchev, 2009) with location of the studied area;
b, sketch map with the location of the studied borehole sections (the area of modeling is outlined with green line; GChH, Goren
Chiflik Horst, DKB, Dolna Kamchiya Basin); c–g, 3D lithological models of the Avren Formation’s lithological types (c, marls,
d, marls and sandstones (1); marls with sandstones and limestones (2), e, sandy marls, f, limy marls (1) and marly limestones (2),
g, clays); h–n, examples of seven cases of lithological successions (cover of the Avren Fm.: Ru, Ruslar Fm.; base of the Avren
Fm.: Al, Aladan F.; Di, Dikilitash Fm.; Be, Beloslav Fm.; abbreviations: m, marly package; lmm, limy marl package; ml, marly
limestone package; cl, clayey package; um, upper marly package; lm, lower marly package; sm, sandy marl succession)

nite grains. They occur predominantly in the lower
levels of the Avren Formation and form thin layers
(2–3 up to 40 cm). This succession was recorded
in four boreholes in the northern part of the Avren
Plateau (Fig. 1d).
Marls with sandstones and limestones. The
marls are gray-greenish, thin-bedded, with silty
lenses and glauconite grains. They are interbedded
with grey-greenish, limy, fine-grained, thin-bedded
(up to 20 cm) sandstones containing glauconite and
pyrite grains, and sporadic thin (up to 50 cm) layers

of pale-gray, sandy limestones. This combination of
lithotypes was recorded in five boreholes’s sections
and occupies the lower levels of the Avren Formation always beneath the clayey package. It was established in the areas of Asparouhovo and Konstantinovo (Fig. 1d).
Sandy marls. They were recorded in a single section (R-76 Ravna Gora borehole – Fig. 1e) and build
up a considerably homogenous succession of graygreenish, thin-bedded sandy marls, containing fine
muscovite and biotite flakes, as well as glauconite
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grains. Rare thin-bedded dark-gray to black clays
also occur.
Limy marls. Gray-greenish, thin-bedded, with
glauconite grains. Remains of small foraminifera
and detritic bivalve shels were also recorded. This
lithotype was established in 17 borehole’s sections
and occupies the lower levels of the Avren Formation. It is distributed in the northern, western, and
southern parts of the Avren Plateau (Fig. 1f).
Marly limestones. This lithotype was recorded in
two borehole’s sections (C-61 Zdravets and C-62
Priseltsi boreholes – Fig. 1f). The limestones are
pale-gray, marly to sandy, micritic, and contain fine
quartz, glauconite, and pyrite grains, as well as mica
flakes. They occupy the lower levels of the Avren
Formation.
Clays. Pale- to dark-gray, thin-bedded, as the
pale-gray are limy. The clays contain pyrite grains,
remains of megaflora and fishes (squames and
bone’s particles). They form a distinct package in
33 borehole’s sections, which is located predominantly at the lower levels of the Avren Formation.
The clayey package is distributed in almost entire
Avren Plateau except its westernmost part (Fig. 1g).

Cases of lithological successions
We recognized seven cases of lithological successions demonstrating variable combinations of the
above described lithological types. Examples are
shown in Figure 1h–n.
1) Some of the sections in the northern part of
the Avren Plateau, as well as single ones in the central and southern part (Fig. 1h) are composed of
limy marl (33–165 m), clayey (3–10 m), and marly
packages (31–330 m).
2) Several logs in different parts of the area are
divided into lower (7–97 m) and upper marly package (68–342 m) also separated by the clayey package (1–42 m) (Fig. 1i).
3) Four borehole logs in Zvezditsa area are composed entirely of silty marls (33–277 m) with thin
sandy interbeds in the lower levels (Fig. 1j).
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4) Monotonous marly succession (120–293 m)
was established in eight logs in the central north and
the south-easternmost parts of the area (Fig. 1k).
5) Five sections are divided into lower (62–100 m)
and upper marly packages (112–160 m), separated by
the clayey package (6–39 m). Characteristic feature
of the lower one is the presence of sandstone and rare
limestone interbeds (Fig. 1l).
6) Two logs in the southern part of the Avren Step
include two distinct levels – marly limestone (40–
106 m) and marly packages (62–302 m) (Fig. 1m).
7) A single log (R-76 Ravna Gora borehole –
Fig. 1n) is entirely composed of sandy marls (220 m).
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