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Abstract. Within the Borjomi canyon (the central part of the Achara-Trialeti Fold-and-Thrust
Belt), one new section containing trace fossils — the Ardagani 4 section has been investigated.
The examined for the first time trace fossil assemblage is closest to the Nereites ichnosubfacies
of the Nereitesichnofacies, which is typical of mud- and silt-rich sediments in the distal part of
deep-sea turbidite depositional systems (outer fan). The analysis of trace fossil assemblage and
sedimentological features of the Ardagani 4 section suggests that the sediments of the lower
part of the middle Eocene (Lutetian) of the Borjomi canyon reflect the environment of deep sea
sedimentation by bottom currents. Within the Achara-Trialeti extentional basin, the existing
Paleocene-lower Eocene turbidite sedimentary environment was preserved even at the
beginning of the Middle Eocene.
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INTRODUCTION

The Middle Eocene sedimentary and volcanogenic-sedimentary strata are widespread in
the central segment of the Achara-Trialeti fold-and-thrust belt (ATFTB). However, only a few
publications (Koiava, 1988; Yilmaz et al., 2001; Adamia et. al., 2013; Lebanidze et al., 2016)
mention some minor and fairly general information on trace fossils in these formations (village
Akhaldaba, Borjomi district). Besides, the middle Eocene sedimentary and/or volcanogenic-
sedimentary facies in the remaining parts of the central part of the ATFIB as well as in its

eastern part lack any up-to-date ichnological and sedimentological studies and require detailed
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investigations often followed by reinterpretation of identified facies architecture and depositi-
onal environments.

Since 2023, the authors have initiated comprehensive ichnological-sedimentological
studies of the Middle Eocene (Lutetian) volcanogenic-sedimentary strata of the central and
eastern parts of the ATFTB. Preliminary results of these studies are presented in this paper. The
description and interpretation of one of the recently established sections with associated trace
fossils is presented in the paper. Eight ichnotaxa have been identified within the section. On
the basis of the trace fossil assemblage and sedimentological analysis, the corresponding

depositional environment has been interpreted.

GEOLOGICAL SETTING AND STRATIGRAPHY

The study area is a part of one of the main tectonic units of Georgia — the Achara-Trialeti
Fold-and-Thrust Belt (ATFTB). The latter is located in the frontal part of the Lesser Caucasus
orogeny, and it extends in a 45-65 km-wide belt on a distance 360 km along the strike, from
the Black Sea coast towards Tbilisi, where it submerges under Oligocene-Neogene sediments of
the foreland Kura Basin (Adamia et. al., 2015) (Fig. 1A). The ATFTB resulted from the
structural inversion of a deformed back-arc rift basin filling; the basin was the likely eastward
prolongation of the Eastern Black Sea, and opened in Cretaceous-Eocene times (Adamia et al.,
2011; Sosson et al., 2016). The present-day geometry of the ATFTB is related to the northward
thrusting of the basement wedge(s) and was developed during middle—upper Miocene —
Pleistocene (Banks et al., 1997; Alania et al., 2017; Corrado et al., 2021; Gusmeo et al., 2021).
The ATFTB is composed of syn-rift (Cretaceous—Upper Eocene), post-rift (Oligocene—Lower
Miocene) megasequences, and syn-orogenic strata (Middle Miocene—Pleistocene). Their
stratigraphic relationships are disturbed by extensional to compressional complex phases of
tectonism since the Cretaceous (Alania et al., 2021).

Deposits constituting the ATFTB accumulated in the Achara-Trialeti extensional trough-
like basin during Late Cretaceous—Eocene times. Aptian and Albian volcanogenic-sedimentary
formations are the oldest units of the trough (Gamkrelidze, 1949; Lordkipanidze et al., 1989;
Nadareishvili, 1999). They are overlain by Cenomanian—Maastrichtian alternations of volcano-
genic and carbonate rocks and Paleocene (Danian) marls. The Upper Paleocene (Thanetian)
and Lower Eocene (Ypresian) stages ascribed as the Borjomi Flysch or the Borjomi Suite
(Obruchev, 1923; Gamkrelidze, 1949) are mainly represented by deep-sea deposits (Lebanidze
et al., 2019; Uchman et al., 2020; Beridze et al., 2021; Uchman et al., 2022a, b). The relatively
thick Eocene basin fill within the study area is represented by deposits of a back-arc extensi-
onal basin (Tari et al., 2021). The Borjomi Suite is conformably covered by thick Middle Eocene
(Lutetian) volcanic and volcaniclastic series in the ATFTB. The latter is maximum ca. 5000 m
thick in Achara (western segment of ATFTB), thins to the east in the Borjomi district (western
part of the Trialeti Ridge) to 2000-3000 m, and is only up to ca. 200-300 m thick in the
outskirts of Tbilisi (eastern part of the Trialeti ridge). The Upper Eocene (Priabonian)-Oligoce-
ne (?) at the western segment of the ATFTB is also represented by volcanogenic-sedimentary

formations, which reach their maximum thickness in Achara (western ATFTB). To the east,
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they are replaced by clastic turbidites. In the easternmost part of the ATFTB (Tbilisi), Upper
Eocene shale-dominated siliciclastic turbidites are conformably overlain by Oligocene—Lower
Miocene ones (Adamia et al., 2015; Tari et al., 2021). In the study area, the Upper Eocene over-
lies the Middle Eocene strata with unconformity and is represented by terrigenous sediments of
the Marda Suite, followed by gypsum bearing sediments of the Oligocene Maikop Series. The
section terminates by the andesites and volcaniclastic rocks of the Upper Miocene Goderdzi
Suite (Obruchev, 1923; Gamkrelidze, 1949; Adamia et al., 2022) (Fig. 2).
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Fig. 1. Location maps. A. map of Georgia, with indication of the main geological units and the
study area (based on Adamia et al., 2011). B. map of the Borjomi area, with indication of the
section Ardagani 4. (based on Adamia, 2004).
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Fig. 2. Stratigraphic column of the Central Achara-Trialeti Fold-and-Thrust Belt
(based on Adamia et al., 2015, changed) showing location of the section studied.

The Middle Eocene (Lutetian) volcanogenic-sedimentary series is the characteristic litho-
stratigraphic unit of the ATFTB. According to chemical composition, two levels of predomi-
nantly subalkaline basalts and their pyroclastic equivalents are clearly defined here. The lower
stratigraphic position is occupied by the Likani Suite (subalkaline basaltic volcaniclastics and
lava-flows). It is followed by the Dviri Suite (thick-bedded and massive volcaniclastics of subal-
kaline basalts) with the Kvabiskhevi Suite (diverse series of subalkaline highly aluminiferous

basalt-trachyandesite-dellenite rocks with minor calc-alkaline plagiobasalts and andesites) in-
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between (Gamkrelidze P., 1949; Lordkipanidze, 1980; Lordkipanidze et al., 1989; Gamkrelidze
& Lobzhanidze, 1984; Beradze et al., 1985; Yilmaz et al., 2001; Adamia et al., 2022).

The studied section belongs to the lower part of the Likani Suite (typical locality of the
section near village Likani). According to the most up-to date description and interpretation by
Yilmaz et al. (2001), the Likani Suite (E2?2lk) conformably lies over the Paleocene-lower Eocene
strata and is represented by gray, greenish, dark-grey, and, in places, brown-reddish, thin- to
middle-bedded, comparatively fine-grained volcaniclastic turbidites alternating with calcareous
mudstones and marlstones. The rhythmic bedding with the convolute pelitic bands, channeli-
zed sandstones, meandering-and-coiled trace fossils (called “meandrites” by the cited authors),
flute casts, and other sedimentary features are common in this suite. Up the section, volcano-
clastic facies become coarser, argillites and marls disappear, and instead channelized sandstones
and slumped beds are observed. According to the cited authors, lithological features (e.g., flute
casts, “meandrites”) and fossil content of this suite indicate hemipelagic to shallow marine or at
least a hemipelagic deposition. The total thickness of the suite in the southern limb of the
Borjomi Anticline reaches 1030 m (Gamkrelidze & Lobzhanidze, 1984). Beradze et al. (1985)
identified three units within the Likani Suite, i.e., the lower and upper Likani units, which are
mainly made up by thinly bedded (1-3 cm), from red to brown and dark grey fine- and medium
- grained tuffs and tuffitic sandstones with intercalations of marly and clayey greywacke sand-
stones and fine-grained siltstones in the lower unit, and coarsening of the material in the
middle part of the upper unit. The middle Likani Unit is rich in massive tuffaceous sandstone
beds. In the study area, according to these authors, the composition and thickness of units are
fairly variable. Although, the presence of very thick (up to 10 m), massive, very coarse-to-
coarse, and medium-grained tuffaceous sandstones is typical for all sections. Our preliminary
field observations confirm some of the observations made by Yilmaz et al. (2001) and Beradze

et al. (1985), but detailed field and desktop studies are still in progress.

STUDIED SECTION AND TRACE FOSSILS

The section Ardagani 4 (N 0372434; E 4628443; h = 908 m a.s.l.) is located in the steep
southern limb of the Borjomi Anticline, 900 m SE of the settlement Ardagani, on the right
bank of the river Gujareti, along the Borjomi-Bakuriani motorway (Fig. 1B, 3).

The trace fossils are associated with the upper part of the lower Likani unit, which is
made up by alternation of purple and olive grey, thinly bedded sandstones, and very thinly
bedded (0.5-1 cm) mudstones. The trace fossil assemblage consists of Avetoichnus luisae
Uchman & Rattazzi, Chondrites affinis (Brongniart), Ch. intricatus (Brongniart), Ch. targionii
(Brongniart), Phycosiphon incertum Fischer-Ooster, Planolites isp., Scolicia isp., and

Thalassinoides isp (Fig. 4).



Proceedings of Al. Janelidze Institute of Geology of Ivane Javakhishvili Tbilisi State University, No 136

Fig. 3. The studied deposits of the Ardagani 4 section. View to the outcrop from the SW.

The ruler as a scale at the outcrop base (red arrow) -1m.

SYSTEMATIC DESCRIPTION OF TRACE FOSSILS

Avetoichnus Uchman and Rattazzi, 2011
Avetoichnus Iuisae Uchman and Rattazzi, 2011
Fig. 4A
Description: Straight or slightly curved, horizontal to subhorizontal, helical spiral around a
simple tube; 2.0-4.0 mm in diameter; filling of spiral is darker than matrix.
Behavior(s): Agrichnia.

Possible tracemaker: “Worm”-like invertebrate.

Thalassinoides Ehrenberg, 1944
Thalassinoides isp.
Fig. 4B
Description: Endichnial, horizontal, tubular, Y-shaped branched burrow, about 10 mm in
diameter, with distinct margins. The branching point swollen to a width of 25 mm.
Behavior(s): Deposit-feeding and dwelling.

Possible tracemakers: Crustaceans.

Chonderites targionii (Brongniart, 1828)
Fig. 4C
Description: Endichnial, horizontal to oblique, flattened tubular tunnels, 1.8-2.0 mm wide,
with a dendroid branching pattern and commonly slightly curved branches. The tunnels are
filled with sediment lighter than the host rock.
Behavior(s): Chemichnia, fodinichnia.
Possible tracemakers Sipunculid or other marine “worm”-like organism similar to modern

polychaetes.
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Scolicia de Quatrefages, 1849
Scolicia isp.
Fig. 4D

Description: Two morphotypes of unspecified Scolicia have been found. Form A is a horizontal,
hypichnial straight band, 20-22 mm wide, bounded by two strings, each about 5 mm wide. In
form B, the filling is weathered out, and the trace fossil is visible as an endichnial groove with
an axial string and ribbed slopes.

Behavior(s): Locomotion or feeding trace.

Possible tracemakers: Irregular echinoids.

Chondrites intricatus (Brongniart, 1823)
Fig. 4E
Description: A system of downward penetrating, tree-like branching and flattened tunnels, up
to 1 mm in diameter. The tunnels are straight and show phobotaxis. There are first-, second-,
and rarely third-order branches, diverging at acute angles. In cross-section, this form shows
patches of circular to elliptical spots and short bars. The tunnels are filled with material that is
commonly darker than the host rock.
Behavior(s): Chemichnia, fodinichnia.
Possible tracemaker: Sipunculid or other marine “worm”-like organism similar to modern

polychaetes.

Phycosiphon Fischer-Ooster, 1858
Phycosiphon incertum Fischer-Ooster, 1858
Fig. 4F
Description: Epichnial, small horizontal lobes, up to 4 mm across, encircled by a narrow
marginal tunnel less than 1 mm wide.
Behavior(s): Deposit feeding.

Possible tracemakers: A “worm”-like organism.

Planolites Nicholson, 1879
Planolites isp.
Fig. 4F
Description: Simple, unlined, unbranched cylindrical, or subcylindrical infilled burrows
without walls, straight to gently curved, horizontal to oblique to bedding planes. Burrows may
crossover. The lithology of the filling may differ or not from that of the host rock.
Behavior(s): Deposit feeding, dwelling.

Possible tracemakers: Various invertebrate burrowing organisms, including “worms”.
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Fig. 4. Trace fossils in the Ardagani 4 section. A. Avetoichnus luisae. B. Thalassinoides isp. (Tha.).

C. Chondrites targionii. D. Scoliciaisp. Form A (ScA) and Form B (ScB). E. Chondrites intricatus.
F. Planolites isp. (Pl) and Phycosiphon incertum (Phy). G. Chondrites affinis (Cha).
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Chondrites Sternberg, 1833
Chondrites affinis (Brongniart, 1849)
Fig. 4G

Description: Structure composed of almost horizontal, unlined, branched tunnels, which are 3—
4 mm wide. The tunnels are filled with sediment lighter than the host rock. The structure is
over 70 mm wide.

Behavior(s): Chemichnia, fodinichnia.

Possible tracemaker: Sipunculid or other marine “worm”-like organism similar to modern

polychaetes.

DISCUSSION

In the Ardagani-4 section trace fossils Avetoichnus Iuisae Uchman & Rattazzi,
Chondrites affinis (Brongniart), Ch. intricatus (Brongniart), Ch. targionii (Brongniart),
Phycosiphon incertum Fischer-Ooster, Planolites isp., Scolicia isp., Thalassinoides isp. occur in
the upper part of the lower Likani unit, which is made up by alternations of purple and olive
grey, thinly bedded sandstones, and very thinly bedded (0.5-1 cm) mudstones. The trace fossil
assemblage is atypical of any exactly defined ichnofacies, but is closest to the /Nereites
ichnosubfacies of the Nereites ichnofacies, which is typical of mud- and silt-rich sediments in
the distal part of deep-sea turbidite depositional systems, mostly outer fan (Seilacher, 1974;
Uchman, Wetzel, 2012) and, for example, is similar to the Eocene Bystrica Formation (Magura
Nappe, Carpathian Flysch, Poland) section (Uchman, 2008). This is exemplified by the
dominance of horizontal, feeding and feeding-locomotion traces (Avetoichnus, Phycosiphon,
Scolicia) and chemichnia (Chondrites). This corresponds well to the mud- and silt-rich facies of
the Ardagani-4 section. It should be noted that the richest in trace fossils sections Ardagani-1
(Paleocene) and Ardagani-3 (Lower Eocene) were investigated by the authors of this paper in
the stratigraphically lower (Paleocene—lower Eocene) parts of the section (Uchman et al., 2020;
Beridze et al., 2021; Lebanidze et al., 2023), which indicate the deep-sea turbiditic depositional
environment.

Thus, the deposits of the lower part of the Middle Eocene (Lutetian) of the Borjomi
canyon record the environment of deep-sea sedimentation by bottom currents. The Paleocene—
lower Eocene sedimentary environment within the rift Achara-Trialeti Basin (Uchman et al.,
2020; Beridze et al., 2021; Lebanidze et al., 2023) was continued during the beginning of the
Middle Eocene.

CONCLUSIONS

The results of recent ichnological-sedimentological studies allow us to assume:
» The trace fossil assemblage identified in the Ardagani-4 section is closest to the Nereites
ichnosubfacies of the Nereites ichnofacies, which is typical of mud- and silt-rich sediments

in the distal part of deep-sea depositional systems (outer fan);



Proceedings of Al. Janelidze Institute of Geology of Ivane Javakhishvili Tbilisi State University, Ne 136

* Deposits of the lower part of the Middle Eocene (Lutetian) strata of the Borjomi canyon
reflect the environment of deep-sea sedimentation by bottom currents.
* The Paleocene-Lower Eocene depositional environment in the Achara-Trialeti rift basin

was preserved during the beginning of the Middle Eocene as well.
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